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The prevalence of extended-spectrum β-lactamase-producing Enterobacterales (ESBL-E) and 
carbapenem-resistant Enterobacterales (CRE) has become a global public health problem. ESBL-E/
CRE colonization can increase the risk of infection in patients and lead to poor disease prognosis. 
We conducted a systematic review and meta-analysis to evaluate current decolonization strategies 
regarding ESBL-E/CRE and their efficacy. A literature search was conducted until August 2023 on 
the five databases to review decolonization strategies associated with ESBL-E/CRE. A meta-analysis 
was conducted using RevMan 5.4 to compare differences in the decolonization strategy with placebo 
controls. The primary outcome was decolonization rates, with secondary outcomes of attributable 
death and adverse events. Quality of identified studies was determined using the Newcastle–Ottawa 
scale and cochrane risk assessment tool. Random and fixed effects meta-analyses were performed to 
calculate pooled value. A total of 25 studies were included. In five randomized controlled trial (RCT) 
studies, the decolonization effect of selective digestive decontamination(SDD) on ESBL-E/CRE at 
the end of treatment was significantly better in the experimental group than the controls [risk radio 
(RR): 3.30; 95% CI 1.78–6.14]. In three n-RCT studies, the decolonization effect in the experimental 
group was still better than the controls one month after SDD therapy [odds ratio (OR): 4.01; 95% CI 
1.88–8.56]. The combined decolonization rates reported by six single-arm trial studies of SDD therapy 
ranged from 53.8 to 68.0%. Additionally, TSA analysis confirmed the effectiveness of SDD therapy. 
In studies on Faecal microbiota transplantation (FMT) therapy, the decolonization effect of the 
experimental group was significantly better than the controls 1 month after treatment (OR: 2.57; 95% 
CI 1.07–6.16). In studies without a control group and with varying follow-up times, the decolonization 
rates varied widely but indicated the effectiveness trend of FMT therapy (61.3–81.2%). Currently, 
research on the decolonization effect of probiotic therapy on ESBL-E/CRE is insufficient, and only 
a systematic review was conducted. SDD and FMT strategies have short-term benefits for ESBL-E/
CRE decolonization, but long-term effects are unclear. The effect of probiotic therapy on ESBL-E/CRE 
decolonization is an interesting topic that still requires further investigation.
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At present, the spread of infections caused by extended-spectrum β-lactamase-producing Enterobacterales 
(ESBL-E) and carbapenem-resistant Enterobacterales (CRE) in medical institutions have become a significant 
threat to global public health. ESBL-E/CRE infection has a large negative impact on society and economy. One 
study showed that in the United States, CRE infections cost hospitals $275 million, third-party payers $147 
million, and society $553 million1. The study by Esteve-Palau et al. also found that total pharmacy costs and 
antibiotic costs for ESBL-producing Escherichia coli infections were much higher than for non-ESBL infections, 
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as was the need for outpatient parenteral antibiotic treatment and its associated costs2. Moreover, due to the 
rapid spread trend and limited treatment options of ESBL-E/CRE related infections, high mortality rates and 
adverse outcomes often accompany clinical practice. In 2017, the World Health Organization (WHO) has 
identified ESBL-E/CRE as a major global threat or high-priority pathogen to guide the current development 
and management of antibiotics with new mechanisms of action. However, the process of antibiotic development 
and use is progressing very slowly to match the trend of resistant bacteria trends. Decolonization and other 
alternative strategies also play an integral role in combating the spread of ESBL-E/CRE resistance.

Colonization is a phenomenon in which microorganisms such as ESBL-E/CRE grow on the skin, 
gastrointestinal, respiratory, oral, and genital tracts of patients but have not yet caused clinical manifestations of 
the associated infection3. ESBL-E/CRE are currently prevalent globally, and it is reported that 8–28.2% of ICU 
patients are colonized with ESBL-E, while the colonization rate of CRE varies from 0.3 to 50%4. Decolonization 
is an effective measure to prevent colonized patients from progressing to ESBL-E/CRE infection and can control 
the spread of ESBL-E/CRE in the population at source.

In a systematic review conducted in 2018 by European Society of Clinical Microbiology and Infectious 
Diseases-European Committee of Infection Control (ESCMID-EUCIC), the research team analysed the existing 
literature on decolonization of MDR Gram-negative intestinal carriers (27 studies) and made recommendations 
against interventions routinely using Selective digestive decontamination (SDD) for CRE decolonization. For 
fecal microbiota transplantation (FMT) or other measures, the guidelines do not provide a recommendation due 
to the shortage of data5. In 2023, a research team from China proposed 16 clinical questions for carbapenem-
resistant negative bacilli (CRGNB) infection, and used the PICO strategy (population, intervention, comparison, 
and outcome) to translate them into research questions for productive discussion. On the 15th key question (on 
whether CRE colonized patients, especially those with hematologic malignancies, should be recommended for 
CRE decolonization), the group also made recommendations that do not support or refute CRE decolonization 
in clinical practice due to the low quality of evidence6. However, studies in recent years may show positive 
results of decolonization measures for ESBL-E/CRE elimination. Considering the need to refine the system of 
evidence for decolonization strategies and to determine the validity of newly published studies, we conducted a 
meta-analysis to systematically review the potential roles of SDD, FMT and probiotic therapy in ESBL-E/CRE 
decolonization.

Methods
Design
This study was written in accordance with the Preferred Reporting Items for systematic review and meta-analysis 
(PRISMA) statement7. The protocol for this meta-analysis has been submitted to the International Prospective 
Register of Systematic Reviews (PROSPERO) under the registration number CRD42023454638.

Search strategy and selection criteria
A literature search was conducted on the PubMed, Web of Science, Medline, Embase, and Cochrane library to 
determine eligible human studies from the date of inception to August 1, 2023. The following MeSH Terms or 
keywords were used: Carbapenem-resistant Enterobacterales, extended spectrum β-lactamase, Carbapenemase 
producing, decolonization, Faecal transplantation, selective digestive decontamination, Bacteriophages. The final 
data search was performed on December 25, 2023, to identify newly published articles. Meanwhile, we checked 
references and manual searches of relevant literature to ensure the completeness of the included literature. The 
literature search strategy using PubMed as an example is shown in Supplementary Table S1.

PICOS strategy was used by us to structure the research question8. The population (P) was patients with 
ESBL-E/CRE colonization identified by any form of testing in a hospital or community setting. Intervention 
(I) was to perform bacterial decolonization, defined as any measure that unequivocally results in the removal 
of, or cancellation of adherence to, detected CRE colonization vectors, including the use of selective digestive 
decontamination (SDD), fecal microbiota transplantation (FMT), and other alternative therapies. Control 
(C): included without any decolonization measures, following the natural course of CRE. Primary outcome 
indicators (O) were assessed using decolonization rates; secondary outcomes included attributable mortality, 
and adverse event rates. Study design (S) were randomised or non-randomised controlled experimental studies, 
cohort studies and case–control studies. In addition, case-analysis studies with sample sizes greater than 5 were 
accepted. Missing primary outcome data were imputed based on the last available observation or data.

Exclusion criteria were (a) Studies that routinely performed decolonization for infection prevention (without 
microbiological methods of testing or screening to determine CRE colonization); (b) Observations of the effect 
of natural development of decolonization in individuals or studies of the mechanisms of decolonization; (c) 
Studies of combination therapies where antimicrobial drugs were more important than decolonization measures; 
(d) Studies of decolonization of study subjects, such as environments, devices, and animals, but not humans. (e) 
Review article, Conference abstracts category, letters to the editor, and studies with low quality literature.

Parameter definition
The following terms were defined prior to data collection:

•	 CRE: Enterobacterales that meet any of the following conditions: (a) resistant to any of the carbapenems [(min-
imum inhibitory concentration (MIC) ≥ 4 mg/L for imipenem, meropenem), or ertapenem MIC ≥ 2 mg/L]; 
(b) carbapenemase-producing; (c) in the case of bacteria naturally resistant to imipenem (e.g., Morganella 
morganii) must be resistant to other carbapenems (e.g. meropenem, ertapenem)9.

Scientific Reports |        (2024) 14:24349 2| https://doi.org/10.1038/s41598-024-75791-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


•	 Bacterial colonization: a phenomenon in which microorganisms, such as bacteria, grow on a patient’s skin, 
gastrointestinal tract, respiratory tract, oral cavity, and reproductive tract but have not yet caused clinical 
manifestations of the associated infection10.

Data extraction and quality assessment
Screening of the titles and abstracts was independently conducted and cross-checked by two authors (H J and 
H W). Moreover, the two authors carried out full-text readings for the eligible studies. Corresponding authors 
were consulted to assist in judgement when disagreements were encountered until agreement was reached (F 
Y). Excel was used to create data extraction tables for extracting information. The following information was 
included in the data extraction form: study characteristics, clinical data, and outcomes. Due to the lack of relevant 
international standards for decolonization, we also documented the study methodology and relevant variables 
used to monitor the quality of decolonization strategies in the study, including decolonization regimen (content, 
route, dosage), duration/number of measures, and definition of eradication. Disagreements were resolved by 
consensus or referral to senior researchers (M Z and F Y) when needed.

RCT studies were assessed using the Cochrane Risk of Bias assessment tool, including selection bias, 
performance bias, measurement bias, attrition bias, reporting bias and other bias, and the results were added 
to the right side of the forest plot11. Included n-RCT studies were assessed using the Newcastle–Ottawa scale 
(NOS)12.

Data analysis
Meta-analyses were conducted using RevMan (version 5.4.1) and R (version 4.3.1) software. We compared 
eradication rates at different time points after decolonization treatment and presented them according to the 
time frame. Studies that could not be meta we described qualitatively. For RCTs, dichotomous variable results 
were calculated as risk ratios (RR), and 95% confidence intervals (CI) were calculated for both. The pooled 
odds ratio (OR) with 95% CI was calculated for case–control studies. Given the anticipated heterogeneity across 
trials, Heterogeneity among studies was assessed using the I2 test. If I2 < 50%, we used fixed models to determine 
the pooled results. However, if I2 ≥ 50% we used the random-effects model13. Publication bias in randomised 
controlled trials assessed using funnel plots.

Trial sequential analysis (TSA)
We performed TSA analysis of CRE decolonization data using SDD therapy. The TSA was conducted using 
TSA version 0.9.5.10 beta (The Copenhagen trial unit). TSA forms a TSA bounding curve by correcting for 
random error, which, together with a horizontal line at Z = 1.96 (the traditional significance level; alpha = 0.05), 
determines the risk of a study reaching a false-positive or false-negative conclusion by looking at the cumulative 
Z-value from the meta-analysis. When the cumulative Z-curve crosses the trial sequential monitoring boundary, 
the intervention effect may reach a sufficient level of evidence. If the Z-curve does not cross any of the boundaries 
and the required information size has not been reached, the evidence is rendered inadequate to conclude.

Results
Study characteristics and quality assessment
The initial search yielded 1677 results. Additional 6 articles were retrieved by cross-checking the reference 
lists and through manual searches. After removing duplicates using Note express (version 3.9), 1440 studies 
remained. A total of 105 full texts were read and, ultimately, 25 texts were selected for inclusion (14 SDD, 8 
FMT, 3 probiotics, Fig. 1). Of the 14 studies that reported on SDD decolonization measures, 5 RCT studies were 
included. The quality assessment of eligible RCT studies is shown in Fig. 2. The included uncontrolled trial were 
of high quality (NOS score 6–8), as shown in Supplementary Table S2. The basic characteristics of the selected 
studies are shown in Table 1. The decolonization protocols (route, type), duration/number of measures, and 
definition of eradication for each study are shown in Supplementary Table S3.

Pooled results of RCT studies on the effectiveness of SDD therapy
We identified five RCT studies that evaluated the effectiveness of decolonization with SDD therapy14–18. 
However, the reported follow-up time points were inconsistent and we did the available synthesis. Overall, SDD 
had a significantly better rate of decolonization at the end of treatment than controls (risk radio (RR) 3.30; 95% 
CI 1.78–6.14, I2 = 0%, Fig. 2.1), and a higher rate of decolonization at two weeks and 1 month than controls (RR 
1.76; 95% CI 0.88–3.50, I2 = 71%) (Fig. 2.2) and (RR: 1.67; 95% CI 1.19–2.35, I2 = 0%) (Fig. 2.3).

Pooled results of n-RCT studies on the effectiveness of SDD therapy
In addition, the combined results of three n-RCT studies showed a higher rate of decolonization at 1 month after 
the end of treatment in SDD than in the control group (OR 4.01; 95% CI 1.88–8.56, I2 = 0%, Fig. 3) with a low 
degree of heterogeneity19–21.

Pooled results of uncontrolled trial studies on the effectiveness of SDD therapy
Furthermore, six uncontrolled trial studies with combined decolonization rates of 0.538 (95% CI 0.372–0.699) to 
0.680 (95% CI 0.533–0.805) at different time points after SDD therapy were described (Fig. 4)22–27. The pooled 
results of three studies showed that at the end of treatment, the decolonization rate of SDD therapy was 0.555 
(95% CI 0.338–0.773). The overall heterogeneity was large, which may be related to differences in study size and 
study location.
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Fig. 2.  Meta-analysis of RCT studies on the effectiveness of SDD therapy for ESBL-E/CRE decolonization. 
Events = successful decolonization.

 

Fig. 1.  Flowchart of included studies and the selection process.
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Trial sequential analysis (TSA)
The TSA results based on one month data after SDD decolonization are shown in Fig. 5. A total of seven studies 
with 542 case counts were included14–17,19–21, with an actual required sample size RIS of 970, and the RIS was 
estimated based on the following statistical indicators: probability of a category I error (α = 0.05); probability of 

Fig. 3.  Meta-analysis of n-RCT studies on the effectiveness of SDD therapy for ESBL-E/CRE decolonization.

 

Study Country Study years

Number of patients/
mean ± SD or median
Age (years)

Male/female 
(persons) Study design

Targeted 
bacteria

Saidel-Odes et al. (2012)14 Israel 2008–2010 40/69.1 26/14 P, case–control/SC KP, KA

Park et al. (2022)19 Korea 2019–2020 62/76.4 ± 8.5 40/22 R, cohort/SC CRE

Bar-Yoseph et al. (2021)28 Israel 2018–2019 39/58.2 21/18 P, cohort/SC CPE

Bilinski et al. (2017)31 Poland 2015–2016 20/51.0 16/4 P, cohort/SC CRE

Battipaglia et al. (2019)32 Australia 2014–2017 10/48.0 4/6 R, cohort/SC CPE

Pellicé (2021)20 Spain 2018–2019 73/62.4 40/33 P, cohort/SC KPC-Kp

Seong (2020)33 Korea 2018–2020 16/NS NS P, cohort/SC CPE

Dinh et al. (2018)34 France 2015–2017 8/73.0 5/3 P, cohort/MC CRE

Huttner et al. (2013)15 Switzerland 2009–2012 58/54.5 34/24 P, case–control/SC ESBL-E

Rieg et al. (2015)22 Germany 2008–2012 45/57.0 20/25 R, cohort/SC ESBL-E

Huttner et al. (2019)29 Switzerland 2016–2017 39/65.0 18/21 P, case–control/MC ESBL-E, CPE

Oren et al. (2013)16 Israel 2009–2011 152/55.6 90/62 P, case–control/SC CRE

Fariñas (2021)17 Spain 2014–2018 105/56.7 76/29 P, case–control/MC ESBL-E, CPE

Choi (2021)36 Korea NS 13/67.9 2/8 P, case–control/SC CRE

Ljungquist (2020)37 Sweden 2017–2019 80/68.0 29/51 P, case–control/SC ESBL-E

Saïdani (2019)30 France 2015–2017 30/59.9 24/6 R, case–control/SC CPE

Stoma (2018)18 Belarus 2016–2017 62/49 31/31 P, case–control/SC
CRGNB 
(included 
CRE)

Abecasis (2011)23 United Kingdom 2005–2006 39/NS NS P, cohort/SC ESBL

Tascini (2014)24 Italy NS 50/62.5 35/15 P, cohort/MC KPC-Kp

Zuckerman (2011)25 Israel 2008–2009 15/55 7/8 P, cohort/SC CRKP

Lübbert (2013)21 Germany 2010–2012 14/63 8/6 R, case–control/SC KPC-Kp

Buehlmann (2011)26 Switzerland 2000–2008 100/NS NS P, cohort/SC ESBL-E

Troché (2005)27 France 1995–2000 37/NS NS P, cohort/SC ESBL-E

Davido (2017)35 France 2017 6/NS 4/2 P, cohort/MC CRE

Nouvenne (2015)38 Italy 2011–2012 36/NS NS P, case–control/SC CRKP

Table 1.  Basic characteristics of the included studies. NS not specified, R retrospective, P prospective, SC 
single center, MC multicenter, KP Klebsiella pnenmoniae, KA Klebsiella Aerogenes, CRE carbapenem-resistent 
Enterobacterales, CPE carbapenemase-producing Enterobacterales, CRGNB Carbapenem-resistant Gram-
negative bacilli, ESBL-E extended-spectrumβ-lactam Enterobacterales, KPC-Kp KPC-producing Klebsiella 
pneumoniae, CRKP carbapenem-resistant Klebsiella pneumoniae.
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Fig. 5.  Trial sequential analysis of CRE decolonization measures based on SDD treatment.

 

Fig. 4.  Single-group rate meta-analysis of the effectiveness of SDD therapy for ESBL-E/CRE decolonization.
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a category II error (β = 0.2); relative risk reduction (RRR = 30 per cent) and incidence of decolonization in the 
control group (20 per cent, derived from historically reported data). Our results show that the cumulative Z-
value of the current study (blue line) crosses the conventional horizontal line (green line) and also the TSA cut-
off line (red line), and the figure indicates that the current study is still not as informative as hoped for. However, 
it can be concluded with certainty that the SDD therapy has a superior decolonization effect in patients colonized 
with ESBL-E/CRE compared to natural decolonization and placebo controls.

Faecal microbiota transplantation (FMT)
We identified eight studies, which focused on the efficacy of FMT decolonization for ESBL-E/CRE. In three 
n-RCT studies, 1 month after FMT therapy, the experimental group had a significantly better decolonization 
effect than the controls (OR 2.57; 95% CI 1.07–6.16, I2 = 6%, Fig. 6)28–30.

In the five single-arm trial studies, the combined decolonization rate one month after the end of FMT 
therapy was 61.3% (95% CI 38.1% to 84.4%, I2 = 47.17%, Fig. 7)31–35. In the study by Seong H et al., three months 
after the end of FMT therapy, the decolonization rate was 81.2% (13/16). In the study by Battipaglia et al., the 
decolonization rate was 70% (7/10) 14 months after the end of FMT therapy. Although there were insufficient 
included studies, this may have some trend and it is recommended that more cohort and randomized trial 
studies come in the future to focus on the effect of FMT on ESBL-E/CRE decolonization.

Fig. 7.  Single-group rate meta-analysis of the effectiveness of FMT therapy for ESBL-E/CRE decolonization.

 

Fig. 6.  Meta-analysis of n-RCT studies on the effectiveness of FMT therapy for ESBL-E/CRE decolonization.
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Probiotics
We identified three studies that evaluated the efficacy of probiotics as a measure for the decolonization of 
ESBL-E/CRE36–38. However, a meta-analysis could not be performed could to the low number of studies. The 
study by Ljungquist et al. intervened using a preparation containing eight live bacterial strains, which patients 
took once daily in the morning and evening for 2 months37. In the per-protocol analysis, no conclusion was 
drawn that the probiotic group was superior to placebo in terms of decolonization in ESBL-E carriers, according 
to the definition of primary outcome, when compared to the placebo control group (OR 2.71; 95% CI 0.49–19.4, 
P = 0.24). However, more participants in the probiotic group met the definition of elimination and the study may 
have been influenced by factors such as antibiotic treatment, small sample size, etc. The study by Choi E et al. 
used a comprehensive decolonization protocol to eradicate CRE carriage, including glycerol enemas, probiotic 
support containing Bacillus subtilis and Enterococcus faecalis, and skin and environmental cleansing. At the end 
of the trial, 13 CRE colonized nine of the patients (69.2%) were successfully decolonized, but no control group 
was identified which may limit the validity of the results36. Therefore, there is a need to continue to investigate 
the role of probiotics in ESBL-E/CRE decolonization38.

Discussion
ESBL-E/CRE colonization is an independent risk factor for ESBL-E/CRE infection. It poses an even greater 
threat in immunocompromised patients, such as solid organ and blood transplant recipients32,39. Well-designed 
decolonization strategies are currently a fascinating topic, and these include SDD, FMT, probiotics, and other 
novel therapies that we have not reviewed. To our knowledge, this is the first study to make a meta-analysis of 
decolonization strategies, and we assessed the role of the above three decolonization strategies in eliminating 
ESBL-E/CRE colonization. A systematic literature search identified 25 eligible articles. In five RCT studies 
comparing SDD therapy with placebo, the effect of decolonization at the end of treatment, after two weeks, and 
after 1 month was superior to that of placebo treatment. In addition, the rate of decolonization at one month after 
the end of SDD therapy was higher than in the controls in the n-RCT studies (OR: 4.01; 95% CI 1.88–8.56). After 
a single-group rate meta-analysis of uncontrolled trial studies, the results showed a combined decolonization 
rate of 53.8–68% at different time points. The TSA analysis also concludes that the evidence is credible and that 
there is reason to believe in the short-term benefits of SDD therapy for ESBL-E/CRE decolonization.

However, given the lack of evidence for long-term assessment, we cannot rule out a long-term failure of SDD 
decolonization, as our current pooled microbiological results also show a decreasing decolonization benefit with 
longer follow-up. In the RCT by Saidel-Odes et al., the difference in decolonization between the treatment and 
control groups at the sixth week of follow-up was no longer significant (RR: 1.71; 95% CI 0.85–3.44)14, and in the 
cohort study by Park et al., among 47 patients followed up for > 90 days, the difference in CRE decolonization rate 
between the two groups was not statistically significant (94.1% vs. 76.775%; P = 0.228)19. In contrast, the results 
of favourable short-term benefits of SDD decolonization are more encouraging. Early decolonization of ESBL-E/
CRE can prevent the spread and outbreak of ESBL-E/CRE infection at an early stage, rapidly release colonised 
patients from single-room isolation and contact precautions, shorten the length of patients’ hospital stay, and 
reduce the burden of healthcare, which is critically important in areas with strained healthcare resources19,40.

As of now, another major factor hindering the adoption of SDD is the concern about antimicrobial 
resistance and clinical outcomes. The ESCMID-EUCIC study group evaluated the development of resistance 
in four studies5. Machuca et al. found that the proportion of patients who underwent decolonization who 
had gentamicin-resistant isolates in follow-up cultures was significant (13% (6/44) vs. 3% (1/33); P = 0.008)41. 
In the Oren et al. and Lubbert et al. studies, 14% (7/50) and 28% (4/14) of patients, respectively, developed 
secondary resistance to decolonizing agents16,21. Increased resistance was not observed by Saidel-Odes et al.14. 
However, newer studies to date give positive direction. Plantinga et al. established four cohorts to study CRGNB 
eradication, including 1314 unique microorganisms from 936 unique patients, and showed that SDD was more 
effective at eradicating CRGNB from either the rectum or respiratory tract compared to standard treatment at 
baseline. Moreover, during all study periods, colistin-resistant Enterobacteriaceae colonization rates were low 
(< 2.4% in the rectum and < 1.0% in the respiratory tract during unit-wide point prevalence surveys)40. In the 
Park SY et al. Studies, no significant difference in the acquisition of gentamicin resistance was detected between 
the two groups (23.1% vs 26.1%)19. In addition, Fariñas MC et al. detected mucin resistance in rectal flora in 
three liver recipients in the experimental group and one liver recipient in the control group group, but none of 
them developed multidrug-resistant infections17.

In addition to SDD, we have an usable combination of FMT and probiotic therapies. The three studies on 
FMT combined had a higher 1-month decolonization rate than the control group (OR: 2.57; 95% CI 1.07–
6.16, P = 0.34), but further studies are needed to draw reliable conclusions. In addition, association studies with 
genetic analyses have reported changes in microbial composition and function before and after FMT, and a 
study by Bar-Yoseph et al. found that FMT may be an ecological strategy with long-lasting benefits that sustains 
the fight against gut microbes rather than temporarily eradicating ESBL-E/CRE carriage28. For probiotics, the 
RCT by Ljungquist et al. did not yield significant efficacy in their study, but gives us more insight. Gut bacterial 
diversity is often favourable and the efficacy of probiotic interventions may depend on the specific bacterial 
strains in the formulation, the current composition of the gut microbiota and the current and future dietary 
habits of the person taking it. To identify the few bacterial species with pre-specified health benefits for the 
general population is a major challenge and deserves further discussion37.

Several limitations of this study should be considered. Caution must be taken when interpreting the 
summary estimates because of the heterogeneity of studies. The lack of an internationally recognised definition 
of decolonization may partly explain this discrepancy. Similarly, study populations varied, with some studies 
using the general population and others using organ and blood transplant populations. Third, although we kept 
detailed records of decolonization programmes, heterogeneity was always present. Fourth, the lack of long-
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term evaluation of microbiological outcomes and clinical outcomes of decolonization strategies is our main 
limitation. Finally, the implementation of the ESBL-E/CRE decolonization strategy still needs to be further 
evaluated in terms of cost and practical benefits, and more research is needed.

Conclusion
Overall, as of December 2023, the currently available evidence-based evidence can only support our conclusion 
that SDD and FMT strategies have short-term benefits for ESBL-E/CRE decolonization. The effect of probiotic 
therapy on ESBL-E/CRE decolonization is an interesting topic that still requires more investigation. Further 
evaluation of the health economic benefits of decolonization strategies, as well as the long-term impact on 
microbiology, epidemiology, clinical outcomes, and development of drug resistance in the general or at-risk 
patient population through well-designed, multicentre, randomised controlled trials is necessary in the future.

Data availability
The datasets used and analysed in this meta-analysis are available from the corresponding author on reasonable 
request. The study protocol and statistical analysis plan are accessible on PROSPERO under the registration 
number CRD42023454638.
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