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Open Access Original Article 

Prevalence of CRE Colonization in 

Hematopoietic Stem Cell Transplant Recipients 

and Its Impact on Clinical Outcomes: Experience 

from a Developing Country 

A b s t r a c t  

Objectives: To assess impact of CRE colonization on infectious complications and transplant-related 
outcomes. 
Methodology: This single-center prospective study, conducted at the Clinical Hematology and Bone 
Marrow Transplant Department, National University of Medical Sciences, Rawalpindi, Pakistan, included 
173 patients who received HSCT between January 2023 and May 2025. Stool samples were analyzed 
for CRE colonization before start of conditioning protocol. Statistical analysis was done using SPSS 
version 27. 
Results: Median age at time of transplant was 30 (range: 1-69) years. Of 173 patients included in the 
study, 114 (65.9%) were CRE-positive, while 59 (34.1%) were negative. CRE-positive patients had 
higher incidence of febrile neutropenia (93% vs. 84.7%, p=0.08). CRE-targeted antibiotics were required 
in 38.6% CRE-positive patients compared to 25.4% CRE-negative patients (p=0.08). After starting CRE-
targeted antibiotics, fever resolved in median 2 days in CRE-positive group compared to median 3 days 
in CRE-negative group (p=0.59). CRE non-colonized patients had better OS of 91.5% with mean 
survival 728 days (95% CI: 668-718 days) compared to CRE colonized patients who had OS of 81.4% 
with mean survival of 642 days (95% CI: 580-704 days, p=0.12).  
Conclusion: Our single-center study demonstrates that patients with CRE-colonization before 
hematopoietic stem cell transplant have a trend towards inferior transplant outcomes and increased 
complications compared to CRE non-colonized patients. 
Keywords: Hematopoietic stem cell transplantation; Carbapenem-Resistant Enterobacteriaceae; 
Bloodstream infection; Carbapenem-Resistant Enterobacteriaceae-associated bloodstream infection; 
Neutropenic fever. 
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Introduction 

Hematopoietic stem cell transplantation (HSCT) is a 

curative treatment option in many malignant and non-

malignant hematological disorders.1 However, Infectious 

complications are the third most common cause (20%) of 

100-day mortality among Allo-HSCT recipients, preceded 

by disease relapse (27%) and organ failure (25%).2 Risk 

factors include myeloablative conditioning, prolonged 

neutropenia, graft-versus-host disease(GVHD), mucositis, 

central venous catheters, and immunosuppressive 

therapy.3 Due to low culture positivity rate (20-30%), 

management of infections in neutropenic patients is 

difficult, and selection of antimicrobial therapy almost 

always follows an empirical approach.4 Surveillance is the 

best way to determine the agents of colonization with 

resistant microorganisms in targeted units. With respect 

to the source of infections in neutropenic5, 6 patients, the 

main source is the patient’s own skin bacterial flora, 

followed by gut microbial flora. The emergence of 

Carbapenem-Resistant Enterobacteriaceae (CRE) is a 

major threat to global health, and the World Health 

Organization (WHO) has listed them as critical priority 

pathogens requiring new antibiotic development.7, 8 

Patients undergoing HSCT are at high risk of CRE 

colonization and infection.9, 10 Correlation between CRE 

colonization and CRE-associated bloodstream infection 

(CRE-BSI) has been documented.11-14 CRE-BSI are 

associated with a higher mortality rate (45.5%) compared 

to patients infected with Carbapenem-

sensitive Enterobacteriaceae.15 CRE-BSI in Allo-HSCT 

patients has a 30-day mortality rate of up to 50% and 

early screening for CRE colonization can be an early 

indicator and warning sign for developing CRE-BSI later 

during treatment. Early multi-drug therapy in such 
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patients showed a slightly lower mortality rate.16 CRE 

colonized patients undergoing Allo-HSCT had higher 

rates of BSI and higher non-relapse mortality (NRM) in 

comparison to non-CRE colonized patients. 17  

Our study aims to assess CRE colonization rates in HSCT 

patients and their impact on infectious complications and 

transplant-related outcomes in a developing resource-

limited country. 

Methodology 

This single-center prospective cohort study was 

conducted at the Clinical Hematology and Bone Marrow 

Transplant Department of the National University of 

Medical Sciences, Rawalpindi, Pakistan. The study was 

approved by the hospital ethics committee and adhered 

to the principles of the Declaration of Helsinki (IRB 

number: IRB-018/AFBMTC/Approval/2023). Written 

consent was taken from all the patients included in the 

study. Patients admitted for Allogeneic and Autologous 

HSCT between January 2023 and May 2025 who had no 

signs and symptoms of infection were screened for CRE 

colonization. A stool sample was taken for CRE 

colonization before initiating the conditioning regimen. 

Based on stool culture results, patients were divided into 

2 groups: CRE-colonized and CRE non-colonized. CRE-

colonized was defined as patients with positive stool 

culture and having no signs and symptoms of active 

infection. CRE non-colonized was defined as patients 

with a negative stool culture without evidence of active 

infection. 

All patients were treated in an isolated single room with 

contact isolation, HEPA filters, and a neutropenic diet. All 

patients received antibacterial prophylaxis 

(cefixime/moxifloxacin), acyclovir as antiviral prophylaxis, 

and (fluconazole/itraconazole) as an antifungal 

prophylaxis as per institutional protocol. 

Demographic and transplant details were recorded for all 

patients. Stool surveillance samples were sent for CRE 

culture on the day of admission. Patients were followed 

from the start of the conditioning regimen to the last 

follow-up. Total days of hospitalization, Neutrophil and 

platelet engraftment, febrile neutropenia, Culture 

positivity, Mucositis, transplant complications, and overall 

survival (OS) were recorded. 

Statistical analysis of data was done using SPSS version 

27. Percentages and frequencies of qualitative variables 

were documented, including mean and standard 

deviations of quantitative variables. Kaplan Meier survival 

analysis was done for the calculation of OS and DFS. 

Results 

A total of 173 patients were included in our study who 

underwent HSCT during the study period. 77 (44.5%) 

patients received autologous HSCT, 84 (48.55%) patients 

HLA-matched allogenic HSCT, and 12 (6.94%) patients 

underwent haploidentical HSCT. Median age at time of 

transplant was 30 (range: 1-69) years, 113 (65.3%) males 

and 60 (34.7%) females. Adults (age >16 years) were 

124 (71.7%), while 49 (28.3%) were pediatric (age < 16 

years). Median duration from diagnosis to HSCT was 381 

(range 61-4773) days. Mean pre-transplant ferritin was 

1142.07 (range 9-6293) ng. Among the Beta thalassemia 

major, 6 (50%) had class II and 6 (50%) had class III 

disease as per Lucarelli classification. The majority of 

patients, n=98 (97.9%), underwent their first HSCT, while 

2 (2.1%) patients received their second HSCT. Most 

patients received myeloablative conditioning (n=139, 

80.34%), followed by non-myeloablative conditioning 

(n=24, 13.87%) and reduced intensity conditioning 

(n=10, 5.78%). Detailed demographics and baseline 

characteristics are demonstrated in Table 1. Diseases for 

which patients received HSCT are shown in Figures 1 

and 2. Conditioning regimens used are listed in Table III. 

 
Figure 1. Disease classification. 

Of the 173 patients included, 114 (65.9%) were CRE-

colonized on surveillance stool culture, while 59 (34.1%) 

were CRE non-colonized. Details are provided in Tables 

1-3. 
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Figure 2. Diagnosis of patients. 

 

CRE-positive patients had a higher incidence of febrile 

neutropenia (93% vs. 84.7%) compared to CRE-negative 

patients (p=0.08); however, the difference was not 

statistically significant. Culture positivity was similar in 

both groups (20.3%) in CRE-positive patients and 20.2% 

in CRE-negative patients). 

The mean time from the start of conditioning protocol to 

the start of fever and the median days of febrile 

neutropenia were also similar in both groups.  

There was no significant difference in the requirement of 

inotropic support due to septic shock. 

CRE targeted antibiotics (Colistin, Tigecycline, 

Ceftazidime-Avibactam) were required in 38.6% (n=44) 

CRE-positive patients compared to 25.4% (n=15) in CRE-

negative patients (p=0.08). Median time from start of 

febrile neutropenia to commencing CRE antibiotics was 

similar in both groups (4 days, p=0.16). 

After starting CRE-targeted antibiotics, the fever resolved 

in a median of 2 days in the CRE-positive group 

compared to 3 days in the CRE-negative group (p=0.59). 

The mean number of days for which CRE antibiotics were 

used was higher in the CRE-negative cohort (7.71±2.57) 

compared to the CRE-positive cohort (6.77±2.94, 

p=0.38), but this difference was not statistically 

significant. 

CRE-negative patients had early neutrophil (12.05±1.83 

vs. 13.04±4.19 days, p=0.12) and platelet engraftment 

(17.72±10.26 vs. 19.72±10.82 days, p=0.19). 

CRE-positive patients had longer hospital stays from the 

day of admission (32.37±13.1 vs 30.42±7.4 days, p=0.01) 

and from the day of stem cell infusion compared to CRE-

negative patients (18.92 ± 8.3 vs 17.05 ± 5.1 days, 

p=0.01). 

Higher rates of aGVHD were noted in CRE-colonized 

patients with no statistical significance (14% vs. 11.9%, 

p=0.91). (Table II) 

 

Table I: Demographics. 

   n % 

Gender Male 113 65.3 

Female 60 34.7 

Age group Pediatric (≤16 years) 49 28.3 

Adult (>16 years) 124 71.7 

Type of HSCT Allogeneic 96 55.5 

Autologous 77 44.5 

Allogeneic HSCT HLA matched 84 87.5 

Haploidentical 12 12.5 

The donor's relation 

with the patient 

Brother 54 56.2 

Sister 40 41.7 

Mother 2 2.1 

Disease status CR1 69 39.9 

CR2 31 17.9 

CR3 3 1.7 

Partial Remission 8 4.6 

Not 

Applicable*/Available 

62 35.8 

ABO Mismatch No ABO Mismatch 65 37.6 

Major ABO 

Mismatch 

16 9.2 

Minor ABO 

Mismatch 

13 7.5 

Bi-Directional ABO 

Mismatch 

2 1.2 

Auto HSCT 77 44.5 

Patient CMV IgG Positive 167 96.5 

IgG Negative 6 3.5 

Donor CMV IgG Positive 91 52.6 

IgG Negative 5 2.9 

Auto HSCT 77 44.5 

ATG/TG in 

conditioning 

regimen 

Yes 86 49.7 

No 87 50.3 

Conditioning 

intensity 

Myeloablative 146 84.4 

Non Myeloablative 26 15 

Reduced intensity 1 0.6 

Source of stem 

cells 

BMH 69 39.9 

PBSC 82 47.4 

BMH+PBSC 22 12.7 

GVHD Prophylaxis Auto HSCT 77 44.5 

CSA+MTX 54 31.2 

CSA 21 12.1 

PTCy+CSA+MMF 12 6.9 

CSA+MMF 9 5.2 

Stool culture for 

CRE 

Positive 114 65.9 

 Negative 59 34.1 
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CRE-colonized patients showed increased rates of 

hepatotoxicity and nephrotoxicity without statistical 

significance (hepatotoxicity: 35.1% vs. 22.0%, p=0.07, 

Nephrotoxicity: 13.2% vs. 5.1%, p=0.09). (Table II) 

Overall survival (OS) was 85% with a mean survival of 

671 days (95% CI: 623-718 days) (Figure #3).  

CRE non-colonized patients had a better OS of 91.5% 

with a mean survival of 728 days (95% CI: 668-718 days) 

compared to CRE-colonized patients who had an OS of 

81.4% with a mean survival of 642 days (95% CI: 580-

704 days). However, this difference in OS was not 

statistically significant (p=0.12). (Figure#4) 

Patients who did not develop febrile neutropenia had an 

OS of 87.5% with a mean survival of 689 days (95% CI:  

Table II: Outcomes Stool CRE  

Positive Negative  

n % n % p value 

Graft Failure Primary 3 2.6% 1 1.7% 0.927 

Secondary 2 1.8% 1 1.7%  

No Graft Failure 109 95.6% 57 96.6%  

Relapse post HCT Yes 10 8.8% 2 3.4% 0.187 

No 104 91.2% 57 96.6%  

Engraftment Syndrome Yes 1 0.9% 0 0.0% 0.471 

No 113 99.1% 59 100.0%  

VOD/SOS Yes 2 1.8% 3 5.1% 0.215 

No 112 98.2% 56 94.9%  

aGVHD Yes 16 14.0% 7 11.9% 0.918 

No 48 42.1% 25 42.4%  

Auto HSCT 50 43.9% 27 45.8%  

cGVHD Yes 9 7.9% 5 8.5% 0.952 

No 55 48.2% 27 45.8%  

Auto HSCT 50 43.9% 27 45.8%  

CMV Reactivation (PCR: 

≥2000 copies) 

Yes 48 42.1% 21 35.6% 0.407 

No 66 57.9% 38 64.4%  

Gut Toxicity Yes 54 47.4% 31 52.5% 0.519 

No 60 52.6% 28 47.5%  

Hepatotoxicity Yes 40 35.1% 13 22.0% 0.077 

No 74 64.9% 46 78.0%  

TA-TMA Yes 8 7.0% 1 1.7% 0.135 

No 106 93.0% 58 98.3%  

Renal Complications Yes 15 13.2% 3 5.1% 0.099 

No 99 86.8% 56 94.9%  

Neurological 

Complications 

GTC Seizures 5 4.4% 2 3.4% 0.753 

Nil 109 95.6% 57 96.6%  

Mucositis Yes 65 57.0% 38 64.4%            0.348 

No 49 43.0% 21 35.6%  

Mucositis Grade No Mucositis 49 43.0% 21 35.6% 0.589 

Grade I 23 20.2% 17 28.8%  

Grade II 21 18.4% 11 18.6%  

Grade III 19 16.7% 10 16.9%  

Grade IV 2 1.8% 0 0.0%  

Table III: Details of infections  CRE Positive CRE Negative P Value 

Total days of FN Median** 5 5 0.1 

Day of fever from the start of conditioning Mean ± st.d* 11.03 ± 5.05 11.3 ± 5.75 0.15 

Antibiotics used Median ** 4 4 0.38 

Days from fever to start of CRE Antibiotic Median** 4 4 0.16 

Time from start of CRE abx to fever 

resolution (Days) 

Median** 2 3 0.59 

Number of days of ABX against CRE Mean ± st.d* 6.77 ± 2.57 7.71 ± 2.94 0.84 

Note: chi-square test was applied, * independent t-test, and ** Mann-Whitney Test was applied 
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550-829 days), compared to patients who developed 

febrile neutropenia had an OS of 84.6% with a mean 

survival of 689 days (95% CI: 550-829 days). However, 

this difference in OS was not statistically significant 

(p=0.73). (Figure#5) 

No statistically significant correlation was seen with other 

transplant-related outcomes. 

Figure 3. Overall survival. 

 

Figure 4. OS in CRE positive vs CRE negative patients. 

 

 

 

Figure 5. Febrile neutropenia in CRE positive vs CRE 

negative patients. 

Discussion 

Bacterial infections are one of the major causes of 

mortality in bone marrow transplant patients. These 

infections can occur during conditioning, neutropenia, or 

after neutrophil engraftment. Gram-negative organisms 

cause up to 75% of infections among documented 

bacterial infections during HSCT in Asia and the Indian 

subcontinent.18-20  

Gram-negative infections have been increasing, 

especially drug-resistant strains of Enterobacteriaceae in 

Western countries over the past two decades. 21, 22 

A recent study showed that HSCT recipients having pre-

transplant Levofloxacin-resistant ESBL colonization had 

higher rates of infections from the colonized strain 

compared to non-colonized patients while receiving 

Levofloxacin prophylaxis during neutropenia. 23 This 

study suggests a role for pre-transplant fecal surveillance 

and empirical antibiotic therapy in colonized HSCT 

recipients.  

Table IV: Outcomes. 

     CI 95%  

 Stool CRE n Mean Std.  Lower 

bound 

Upper 

bound 

P-value 

Neutrophil Engraftment Positive 112 13.04 4.19 -0.147 2.133 0.122 

Negative 58 12.05 1.83 0.078 1.907 

Platelet Engraftment Positive 107 19.72 10.828 -1.444 5.445 0.195 

Negative 57 17.72 10.266 -1.397 5.398 

Days in hospital from Day zero Positive 114 18.92 8.343 -0.474 4.214 0.01 

Negative 59 17.05 5.097 -0.154 3.894 

Total admission days Positive 114 32.37 13.072 -1.686 5.575 0.01 

Negative 59 30.42 7.405 -1.132 5.021 
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In our study, 114 (65.9%) patients had CRE colonization, 

which is higher compared to transplant patients in India 

and the United States.24, 25 

CRE-colonized patients had higher rates of febrile 

neutropenia in our cohort; however, no difference in 

blood culture growth was observed between the two 

groups, which may suggest a different source of 

infection. Multiple studies show contradicting data 

regarding this finding; some studies show similar 

findings, 24, 25 while other studies show higher rates of 

bloodstream infections in colonized patients.26-29 

CRE-colonized patients in our study had delayed 

neutrophil and platelet engraftment. J Bilinksi et al 

observed similar findings of delayed neutrophil 

engraftment in CRE colonized patients, but no difference 

was observed in platelet engraftment.28 Wen-Qi Wu et al. 

observed delayed platelet engraftment in CRE-colonized 

patients.17 

We observed a higher rate of acute GVHD in CRE-

colonized patients; similar findings were also reported by 

J Bilinski et al. 28  

CRE-colonized patients had increased duration of 

hospital stay as compared to CRE non-colonized 

patients; similar findings have been reported previously 

in multiple studies. 30-33  

CRE colonized patients had better OS as previously 

documented by Chen et al. 34 

Conclusion 

Our single-center study demonstrates that patients with 

CRE-colonization of the gut before hematopoietic stem 

cell transplant have a trend towards inferior transplant 

outcomes and increased complications compared to CRE 

non-colonized patients. 

References 

1. Khaddour K, Hana CK, Mewawalla P. Hematopoietic 

stem cell transplantation. 2019. 

2. D'Souza A, Fretham C, Lee SJ, Arora M, Brunner J, 

Chhabra S, et al. Current use of and trends in 

hematopoietic cell transplantation in the United 

States. Biol Blood Marrow Transplant. 

2020;26(8):e177-e182. 

https://doi.org/10.1016/j.bbmt.2020.04.013 

3. Sahin U, Toprak SK, Atilla PA, Atilla E, Demirer T. An 

overview of infectious complications after allogeneic 

hematopoietic stem cell transplantation. J Infect 

Chemother. 2016;22(8):505-514. 

https://doi.org/10.1016/j.jiac.2016.05.006 

4. Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito 

JI, Mullen CA, et al. Clinical practice guideline for the 

use of antimicrobial agents in neutropenic patients 

with cancer: 2010 update by the Infectious Diseases 

Society of America. Clin Infect Dis. 2011;52(4):e56-

e93. https://doi.org/10.1093/cid/cir073 

5. Viscoli C, Varnier O, Machetti M. Infections in 

patients with febrile neutropenia: epidemiology, 

microbiology, and risk stratification. Clin Infect Dis. 

2005;40(Suppl 4):S240-S245. 

https://doi.org/10.1086/427329 

6. Tacconelli E, Cataldo M, Dancer S, De Angelis G, 

Falcone M, Frank U, et al. ESCMID guidelines for the 

management of infection control measures to reduce 

transmission of multidrug-resistant Gram-negative 

bacteria in hospitalized patients. Clin Microbiol Infect. 

2014;20(Suppl 1):1-55. https://doi.org/10.1111/1469-

0691.12427 

7. Tacconelli E, Carrara E, Savoldi A, Harbarth S, 

Mendelson M, Monnet DL, et al. Discovery, research, 

and development of new antibiotics: the WHO priority 

list of antibiotic-resistant bacteria and tuberculosis. 

Lancet Infect Dis. 2018;18(3):318-327. 

https://doi.org/10.1016/S1473-3099(17)30753-3 

8. World Health Organization. WHO publishes list of 

bacteria for which new antibiotics are urgently 

needed [Internet]. 2017 [cited 2017 Feb 27]. 

Available from: https://www.who.int/news/item/27-02-

2017-who-publishes-list-of-bacteria-for-which-new-

antibiotics-are-urgently-needed 

9. van Duin D. Carbapenem-resistant 

Enterobacteriaceae: what we know and what we 

need to know. Virulence. 2017;8(4):379-382. 

https://doi.org/10.1080/21505594.2017.1306621 

10. Yan L, Sun J, Xu X, Huang S. Epidemiology and risk 

factors of rectal colonization of carbapenemase-

producing Enterobacteriaceae among high-risk 

patients from ICU and HSCT wards in a university 

hospital. Antimicrob Resist Infect Control. 2020;9:1-8. 

https://doi.org/10.1186/s13756-020-00816-4 

11. Gao Y, Chen M, Cai M, Liu K, Wang Y, Zhou C, et al. 

An analysis of risk factors for carbapenem-resistant 

Enterobacteriaceae infection. J Glob Antimicrob 

Resist. 2022;30:191-198. 

https://doi.org/10.1016/j.jgar.2022.04.005 

12. Dickstein Y, Edelman R, Dror T, Hussein K, Bar-Lavie 

Y, Paul M. Carbapenem-resistant Enterobacteriaceae 

colonization and infection in critically ill patients: a 

retrospective matched cohort comparison with non-

carriers. J Hosp Infect. 2016;94(1):54-59. 

https://doi.org/10.1016/j.jhin.2016.05.018 

https://doi.org/10.1016/j.bbmt.2020.04.013
https://doi.org/10.1016/j.bbmt.2020.04.013
https://doi.org/10.1016/j.jiac.2016.05.006
https://doi.org/10.1016/j.jiac.2016.05.006
https://doi.org/10.1093/cid/cir073
https://doi.org/10.1093/cid/cir073
https://doi.org/10.1086/427329
https://doi.org/10.1086/427329
https://doi.org/10.1111/1469-0691.12427
https://doi.org/10.1111/1469-0691.12427
https://doi.org/10.1111/1469-0691.12427
https://doi.org/10.1111/1469-0691.12427
https://doi.org/10.1016/S1473-3099(17)30753-3
https://doi.org/10.1016/S1473-3099(17)30753-3
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://doi.org/10.1080/21505594.2017.1306621
https://doi.org/10.1080/21505594.2017.1306621
https://doi.org/10.1186/s13756-020-00816-4
https://doi.org/10.1186/s13756-020-00816-4
https://doi.org/10.1016/j.jgar.2022.04.005
https://doi.org/10.1016/j.jgar.2022.04.005
https://doi.org/10.1016/j.jhin.2016.05.018
https://doi.org/10.1016/j.jhin.2016.05.018


Prevalence of CRE Colonization in Hematopoietic Stem Cell Transplant Recipients and Its Impact … 

J. Haematol Stem Cell Res. 2026;6(1): 31-38                                   37 

13. Tamburini FB, Andermann TM, Tkachenko E, 

Senchyna F, Banaei N, Bhatt AS. Precision 

identification of diverse bloodstream pathogens in 

the gut microbiome. Nat Med. 2018;24(12):1809-

1814. https://doi.org/10.1038/s41591-018-0202-8 

14. Tischendorf J, de Avila RA, Safdar N. Risk of infection 

following colonization with carbapenem-resistant 

Enterobacteriaceae: a systematic review. Am J Infect 

Control. 2016;44(5):539-543. 

https://doi.org/10.1016/j.ajic.2015.12.005 

15. Zhu Y, Xiao T, Wang Y, Yang K, Zhou Y, Luo Q, et al. 

Socioeconomic burden of bloodstream infections 

caused by carbapenem-resistant 

Enterobacteriaceae. Infect Drug Resist. 

2021;14:5385-5393. 

https://doi.org/10.2147/IDR.S341664 

16. Cao W, Zhang J, Bian Z, Li L, Zhang S, Qin Y, et al. 

Active screening of intestinal colonization of 

carbapenem-resistant Enterobacteriaceae for 

subsequent bloodstream infection in allogeneic 

hematopoietic stem cell transplantation. Infect Drug 

Resist. 2022;15:5993-6006. 

https://doi.org/10.2147/IDR.S387615 

17. Wu WQ, Zhang YQ, Xu J, Tang ZX, Li SJ, Wei XY, et 

al. Risk factors for carbapenem-resistant 

Enterobacteriaceae colonization and the effect on 

clinical outcomes and prognosis in allogeneic 

hematopoietic stem cell transplanted patients. Infect 

Drug Resist. 2023;16:6821-6831. 

https://doi.org/10.2147/IDR.S424048 

18. George B, Mathews V, Srivastava A, Chandy M. 

Infections among allogeneic bone marrow transplant 

recipients in India. Bone Marrow Transplant. 

2004;33(3):311-315. 

https://doi.org/10.1038/sj.bmt.1704347 

19. George B, Mathews V, Viswabandya A, Srivastava A, 

Chandy M. Infections in children undergoing 

allogeneic bone marrow transplantation in India. 

Pediatr Transplant. 2006;10(1):48-54. 

https://doi.org/10.1111/j.1399-3046.2005.00397.x 

20. Wang L, Wang Y, Fan X, Tang W, Hu J. Prevalence of 

resistant Gram-negative bacilli in bloodstream 

infection in febrile neutropenia patients undergoing 

hematopoietic stem cell transplantation: a single-

center retrospective cohort study. Medicine 

(Baltimore). 2015;94(45):e1931. 

https://doi.org/10.1097/MD.0000000000001931 

21. Martelius T, Jalava J, Kärki T, Möttönen T, Ollgren J, 

Lyytikäinen O. Nosocomial bloodstream infections 

caused by Escherichia coli and Klebsiella 

pneumoniae resistant to third-generation 

cephalosporins, Finland, 1999-2013: trends, patient 

characteristics and mortality. Infect Dis (Lond). 

2016;48(3):229-234. 

https://doi.org/10.3109/23744235.2015.1109135 

22. van der Steen M, Leenstra T, Kluytmans JAJW, van 

der Bij AK, I-AS group. Trends in expanded-

spectrum cephalosporin-resistant Escherichia coli 

and Klebsiella pneumoniae among Dutch clinical 

isolates, 2008-2012. PLoS One. 

2015;10(9):e0138088. 

https://doi.org/10.1371/journal.pone.0138088 

23. Satlin MJ, Chavda KD, Baker TM, Chen L, Shashkina 

E, Soave R, et al. Colonization with levofloxacin-

resistant extended-spectrum β-lactamase-producing 

Enterobacteriaceae and risk of bacteremia in 

hematopoietic stem cell transplant recipients. Clin 

Infect Dis. 2018;67(11):1720-1728. 

https://doi.org/10.1093/cid/ciy363 

24. Nesher L, Rolston KVI, Shah DP, Tarrand JT, 

Mulanovich V, Ariza-Heredia EJ, et al. Fecal 

colonization and infection with Pseudomonas 

aeruginosa in recipients of allogeneic hematopoietic 

stem cell transplantation. Transpl Infect Dis. 

2015;17(1):33-38. https://doi.org/10.1111/tid.12323 

25. Korula A, Perumalla S, Devasia AJ, Abubacker FN, 

Lakshmi KM, Abraham A, et al. Drug-resistant 

organisms are common in fecal surveillance cultures, 

predict bacteremia and correlate with poorer 

outcomes in patients undergoing allogeneic stem cell 

transplants. Transpl Infect Dis. 2020;22(3):e13273. 

https://doi.org/10.1111/tid.13273 

26. Girmenia C, Rossolini GM, Piciocchi A, Bertaina A, 

Pisapia G, Pastore D, et al. Infections by 

carbapenem-resistant Klebsiella pneumoniae in SCT 

recipients: a nationwide retrospective survey from 

Italy. Bone Marrow Transplant. 2015;50(2):282-288. 

https://doi.org/10.1038/bmt.2014.231 

27. Montassier E, Al-Ghalith GA, Ward T, Corvec S, 

Gastinne T, Potel G, et al. Pretreatment gut 

microbiome predicts chemotherapy-related 

bloodstream infection. Genome Med. 2016;8(1):49. 

https://doi.org/10.1186/s13073-016-0301-4 

28. Bilinski J, Robak K, Peric Z, Marchel H, Karakulska-

Prystupiuk E, Halaburda K, et al. Impact of gut 

colonization by antibiotic-resistant bacteria on the 

outcomes of allogeneic hematopoietic stem cell 

transplantation: a retrospective, single-center study. 

Biol Blood Marrow Transplant. 2016;22(6):1087-

1093. https://doi.org/10.1016/j.bbmt.2016.02.009 

29. Hefazi M, Damlaj M, Alkhateeb HB, Partain DK, Patel 

R, Razonable RR, et al. Vancomycin-resistant 

Enterococcus colonization and bloodstream 

infection: prevalence, risk factors, and impact on 

early outcomes after allogeneic hematopoietic cell 

transplantation in patients with acute myeloid 

https://doi.org/10.1038/s41591-018-0202-8
https://doi.org/10.1038/s41591-018-0202-8
https://doi.org/10.1016/j.ajic.2015.12.005
https://doi.org/10.1016/j.ajic.2015.12.005
https://doi.org/10.2147/IDR.S341664
https://doi.org/10.2147/IDR.S341664
https://doi.org/10.2147/IDR.S387615
https://doi.org/10.2147/IDR.S387615
https://doi.org/10.2147/IDR.S424048
https://doi.org/10.2147/IDR.S424048
https://doi.org/10.1038/sj.bmt.1704347
https://doi.org/10.1038/sj.bmt.1704347
https://doi.org/10.1111/j.1399-3046.2005.00397.x
https://doi.org/10.1111/j.1399-3046.2005.00397.x
https://doi.org/10.1097/MD.0000000000001931
https://doi.org/10.1097/MD.0000000000001931
https://doi.org/10.3109/23744235.2015.1109135
https://doi.org/10.3109/23744235.2015.1109135
https://doi.org/10.3109/23744235.2015.1109135
https://doi.org/10.1371/journal.pone.0138088
https://doi.org/10.1371/journal.pone.0138088
https://doi.org/10.1093/cid/ciy363
https://doi.org/10.1093/cid/ciy363
https://doi.org/10.1111/tid.12323
https://doi.org/10.1111/tid.12323
https://doi.org/10.1111/tid.13273
https://doi.org/10.1111/tid.13273
https://doi.org/10.1038/bmt.2014.231
https://doi.org/10.1038/bmt.2014.231
https://doi.org/10.1186/s13073-016-0301-4
https://doi.org/10.1186/s13073-016-0301-4
https://doi.org/10.1016/j.bbmt.2016.02.009
https://doi.org/10.1016/j.bbmt.2016.02.009


Zahid Khan Zada et al 

J. Haematol Stem Cell Res. 2026;6(1): 31-38                                   38 

leukemia. Transpl Infect Dis. 2016;18(6):913-920. 

https://doi.org/10.1111/tid.12612 

30. Hassoun-Kheir N, Hussien K, Karram M, Saffuri M, 

Badaan S, Peleg S, et al. Clinical significance and 

burden of carbapenem-resistant Enterobacterales 

(CRE) colonization acquisition in hospitalized 

patients. Antimicrob Resist Infect Control. 

2023;12(1):129. https://doi.org/10.1186/s13756-023-

01323-y 

31. Khawcharoenporn T, Laichuthai W. Carbapenem-

resistant Enterobacteriaceae (CRE)-associated 

infections and prolonged colonization among 

hospitalized patients colonized by CRE. Open Forum 

Infect Dis. 2019;6(Suppl 2):S242-S243. 

https://doi.org/10.1093/ofid/ofz360.568 

32. Yin L, He L, Miao J, Yang W, Wang X, Ma J, et al. 

Carbapenem-resistant Enterobacterales colonization 

and subsequent infection in a neonatal intensive care 

unit in Shanghai, China. Infect Prev Pract. 

2021;3(3):100147. 

https://doi.org/10.1016/j.infpip.2021.100147 

33. Sharma K, Tak V, Nag VL, Bhatia PK, Kothari N. An 

observational study on carbapenem-resistant 

Enterobacterales (CRE) colonisation and subsequent 

risk of infection in an adult intensive care unit at a 

tertiary care hospital in India. Infect Prev Pract. 

2023;5(4):100312. 

https://doi.org/10.1016/j.infpip.2023.100312 

34. Chen S, Fan J, Xiao T, Ren J, Zhu H, Kong H, et al. 

Incidence and risk factors of active carbapenem-

resistant Enterobacteriaceae surveillance in 

hematology patients: a propensity score matching 

study. Front Microbiol. 2025;16:1561587. 

https://doi.org/10.3389/fmicb.2025.1561587

 

https://doi.org/10.1111/tid.12612
https://doi.org/10.1111/tid.12612
https://doi.org/10.1186/s13756-023-01323-y
https://doi.org/10.1186/s13756-023-01323-y
https://doi.org/10.1186/s13756-023-01323-y
https://doi.org/10.1186/s13756-023-01323-y
https://doi.org/10.1093/ofid/ofz360.568
https://doi.org/10.1093/ofid/ofz360.568
https://doi.org/10.1016/j.infpip.2021.100147
https://doi.org/10.1016/j.infpip.2021.100147
https://doi.org/10.1016/j.infpip.2021.100147
https://doi.org/10.1016/j.infpip.2023.100312
https://doi.org/10.1016/j.infpip.2023.100312
https://doi.org/10.1016/j.infpip.2023.100312
https://doi.org/10.3389/fmicb.2025.1561587
https://doi.org/10.3389/fmicb.2025.1561587
https://doi.org/10.3389/fmicb.2025.1561587

