
O R I G I N A L  R E S E A R C H

Risk Factors and Clinical Impact 
of Carbapenem-Resistant Enterobacterales 
Coinfections Among Hospitalized Patients 
with Clostridioides difficile Infection
Ching-Chi Lee 1–3,*, Chun-Wei Chiu4,*, Jen-Chieh Lee1, Pei-Jane Tsai 5–7, Wen-Chien Ko 1,8, 
Yuan-Pin Hung 1,4,8,9

1Department of Internal Medicine, National Cheng Kung University Hospital, College of Medicine, National Cheng Kung University, Tainan, 704, 
Taiwan; 2Graduate Institute of Medical Sciences, College of Health Sciences, Chang Jung Christian University, Tainan, 711, Taiwan; 3Clinical Medicine 
Research Center, National Cheng Kung University Hospital, College of Medicine, National Cheng Kung University, Tainan, 704, Taiwan; 4Department 
of Internal Medicine, Tainan Hospital, Ministry of Health and Welfare, Tainan, 700, Taiwan; 5Department of Medical Laboratory Science and 
Biotechnology, National Cheng Kung University, College of Medicine, Tainan, 704, Taiwan; 6Department of Pathology, National Cheng Kung University 
Hospital, Tainan, Taiwan; 7Centers of Infectious Disease and Signaling Research, National Cheng Kung University, Tainan, Taiwan; 8Department of 
Medicine, College of Medicine, National Cheng Kung University, Tainan, 704, Taiwan; 9Department of Microbiology & Immunology, College of 
Medicine, National Cheng Kung University, Tainan, Taiwan

*These authors contributed equally to this work 

Correspondence: Yuan-Pin Hung, Department of Internal Medicine, Tainan Hospital, Ministry of Health and Welfare, Tainan, Taiwan,  
Email yuebin16@yahoo.com.tw; Wen-Chien Ko, Department of Internal Medicine, College of Medicine, National Cheng Kung University Hospital, 
Tainan, Taiwan, Email winston3415@gmail.com

Introduction: The risk factors and clinical impact of carbapenem-resistant Enterobacterales (CRE) coinfection among hospitalized 
patients with Clostridioides difficile infection (CDI) were analyzed in this study.
Materials and Methods: A clinical study was performed at the medical wards of Tainan Hospital, Ministry of Health and Welfare in 
southern Taiwan. Patients with CDI between January 2013 and April 2020 were included.
Results: Among 238 patients included for analysis, 22 (9.2%) patients developed CRE coinfections within 14 days before or after the 
onset of CDI. CDI patients with CRE coinfection had longer hospitalization stays (103.0 ± 97.0 days vs 42.5 ± 109.6 days, P = 0.01) 
than those without CRE coinfection. In the multivariate analysis, age (odds ratio [OR] 1.05, 95% confidence interval [CI] 1.01–1.10, 
P = 0.02) was independently associated with CRE coinfection. In contrast, underlying old stroke (OR 0.15, 95% CI 0.03–0.70, P = 
0.02) was negatively linked to CRE coinfection.
Conclusion: Among patients with CDI, CRE coinfections were associated with prolonged hospitalization for CDI. Age was an 
independent risk factor for CRE coinfection among patients with CDI.
Keywords: carbapenem-resistant Enterobacterales, Clostridioides difficile infection, age, hypertension, recurrence, prolonged 
hospitalization

Introduction
Clostridioides difficile infections (CDIs) often cause intestinal infections with variable clinical presentations, ranging 
from mild diarrhea, pseudomembranous colitis, and toxic megacolon to death.1–10 An important factor associated with 
the disease severity of CDI is host immunity.5,9,11 One of the determinant factors of host immunity is the composition of 
the gut microbiota, which is critical in the development of CDI.12 Many host or environmental factors, including diet, 
sleep, and disease, can alter the diversity and abundancy of microbiota.13,14 Moreover, oral vancomycin had been 
suggested as drug of therapy for CDI and their use further disturbs the fragile microbiota, for example reduced proportion 
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of Bacteroidia and Clostridia and increased proportion of Proteobacteria.15 The disturbance of microbiota can result in 
the rise of multidrug-resistant organisms (MDROs).16

The prevalence rate of carbapenem-resistant Enterobacterales (CRE), one of the most notorious MDRO, has 
increased in recent years.17 The colonization of these antimicrobial-resistant Enterobacterales in the gut is linked to 
lower phylogenetic diversity, dysbiotic microbiota, and depletion of anaerobic commensals in the microbiota of gut,18,19 

as well as the increased risk of subsequent systemic infection and bacteremia due to CRE.18 Among CRE, carbapenem- 
resistant Klebsiella pneumoniae (CRKP) with evolution and complex genomic profiling has been an emerging public 
health problem.20,21 Carbapenem resistance rates among K. pneumoniae isolates from intensive care units (ICUs) were 
higher than those among Escherichia coli isolates in a meta-analysis restricted to the hospitals in Taiwan.22 Most 
importantly, clinical impact of the infections due to Enterobacterales with reduced carbapenem susceptibility is grave as 
evidenced by the finding of a multicenter ICU study that the 30-day mortality rate of 46 patients with carbapenem- 
nonsusceptible K. pneumoniae and/or E. coli infection was as high as 50%.23

As the prescription of antimicrobial therapy increases, the risk of intestinal colonization of more than one MDROs 
accordingly increases. In the real world, an active surveillance has been performed for rectal colonization of C. difficile 
and CRE among 301 residents in a long-term care facility. C. difficile colonization occurred in 58 (19.3%) patients, CRE 
in 57 (18.9%) patients, and both in 17 (5.7%).24 However, the incidence and impact of CRE coinfections among 
hospitalized patients with CDI remain undetermined. The implementation of mixed educational and semi-restrictive 
antimicrobial stewardship projects has decreased the incidence of CRE bloodstream infections but did not influence the 
occurrence of CDI.25 Moreover, CRE infections have resulted in substantial morbidity and mortality among hospitalized 
patients worldwide.26–28 In the era of the increasing incidence of CRE infections, the clinical impact of the coexistence of 
CRE infections among hospitalized patients with CDI was not clear. The objective of this study is to investigate the risk 
factors and clinical impact of CRE infections among hospitalized patients with CDI.

Materials and Methods
A retrospective study based on chart reviews was performed in the medical wards of the Tainan Hospital, Ministry of 
Health and Welfare, a regional hospital in southern Taiwan, between January 2013 and April 2020. The Institutional 
Review Board of National Cheng Kung University Hospital, Taiwan, approved this study (approval number: B-ER-103- 
098). Hospitalized adults (aged ≥20 years) with hospital-onset CDI (ie, symptom onset at least 48 hours after admission) 
were included. Antimicrobial susceptibility of identified Enterobacterales isolates was determined using disk diffusion in 
accordance with the procedures of the Clinical and Laboratory Standards Institute (CLSI) and interpreted according to 
the zone criteria of the CLSI issued in 2018 (M100-S21).29 Carbapenem resistance was defined as resistance to at least 
one of the three carbapenems (ie, ertapenem, imipenem, or meropenem) by the disk diffusion method.29 The events of 
acute CRE infections within 14 days before or after the onset of CDI were retrieved from medical records. CRE 
infections were distinguished from CRE colonization, according to the following criteria: those exhibited clinical signs 
and symptoms of inflammatory responses related to a documented or suspected site of infection, and were treated for 
CRE infection by at least two consecutive doses of antimicrobial agents.30 Otherwise, those with CRE colonization were 
excluded. No routine screening of intestinal CRE colonization for specific population was conducted in the hospital.

CDI was diagnosed as the presence of unexplained diarrhea and a positive result of glutamate dehydrogenase (GDH) 
and toxin A/B using an enzyme immunoassay (EIA) (Abbott, Santa Clara, USA) in fecal samples or the detection of 
tcdB-carrying C. difficile isolates in stool culture.31 Diarrhea was defined as at least three unformed bowel movements 
per day for at least two days. C. difficile cultures were performed on the cycloserine-cefoxitin-fructose agar (CCFA) 
plates, which were incubated anaerobically for 24–48 hours. A multiplex polymerase chain reaction (PCR) was used to 
detect tcdA, tcdB, cdtA, cdtB, and tcdC deletion in C. difficile isolates, as described previously.32

Clinical data, including sex, age, nasogastric tube use, underlying diseases, and laboratory data, were collected from 
electronic medical records using a predetermined record form. Medications, including antibiotics, proton pump inhibi-
tors, histamine 2 (H2)-receptor antagonists, or steroids, prescribed within one month before the onset of CDI was 
recorded. The place of CDI onset, such as wards or intensive care units (ICUs), was recorded. Chronic kidney disease 
(CKD) was defined as an estimated glomerular filtration rate (eGFR) of <60 mL/min/1.73 m2 for at least three months.33 
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Colonization or infection with vancomycin-resistant enterococci (VRE), carbapenem-resistant Pseudomonas aeruginosa 
(CRPA), or carbapenem-resistant Acinetobacter baumannii (CRAB) during hospitalization was recorded based on 
medical charts.

Leukocyte count ≥15,000 cells/mL and serum creatinine of >1.5 mg/dL are two important predictors of severe CDI, 
according to the clinical guidelines issued by the Infectious Diseases Society of America (IDSA) and Society for 
Healthcare Epidemiology of America (SHEA) updated in 2021.34 The duration of hospitalization preceding CDI was the 
period from admission to CDI onset, and only the first CDI episode was included. The appearance of relapsing diarrhea 
in combination with the detection of C. difficile toxin or tcdB-carrying C. difficile in unformed stools at least three weeks 
following initial treatment success was defined as having recurrent CDI.35

Statistical analysis was performed using statistical software (IBM SPSS, version 22.0). Continuous data are expressed 
as the means ± standard deviations. The χ2 or Fisher’s test was used for categorical variables, and Student’s t test was 
used for continuous variables. A two-tailed P value of <0.05 was considered statistically significant. The Bonferroni 
correction was applied for multiple comparisons. Variables with a P value <0.15 in univariate analysis were selected for 
multivariate analysis, which was performed using the Hosmer–Lemeshow test for goodness of fit in the logistic 
regression model. Since gut colonization with CRE was identified among patients with recurrent CDI, the impact of 
CRE coinfection on CDI recurrence was analyzed in multivariate analysis.25,36

Results
Of the 243 patients with CDI, 5 patients who did not require hospitalization were excluded (Figure 1). Among the 238 
patients included, 114 (47.9%) patients were male, with a mean age (± standard deviation) of 75.7 (± 12.7) years. 
Twenty-two (9.2%) patients developed CRE coinfections within 14 days before or after the onset of CDI. For the timing 
of diagnosis of CRE coinfection, 10 patients were diagnosed at 4.5 ± 3.6 (mean ± standard deviation) days (range: 1–10 
days) before onset of CDI, 2 at the day of onset of CDI, and 10 at 6.0 ± 3.1 days (1–11 days) after onset of CDI, with an 
in-hospital mortality rate of 31.8% (7 patients). Among 22 CRE isolates, 3 were E. coli and 19 were K. pneumoniae. Two 
E. coli and four 9 K. pneumoniae isolates were resistant to ertapenem but susceptible to meropenem, and the rest were 
resistant to ertapenem, meropenem, and imipenem. Five K. pneumoniae isolates were regarded as the etiological agents 
of pneumonia, and other CRE isolates were regarded as the causes of urinary tract infection. As for 216 patients with 
CDI but without CRE coinfection, 52 (24.1%) patients died in the hospital.

Twenty-two patients with CDI and CRE coinfection were more likely to have ICU-onset CDI (31.8% vs 13.0%, P = 
0.03) and underlying diabetes mellitus (68.2% vs 44.9%, P = 0.04), but were less likely to have an old stroke (9.1% vs 
39.8%, P = 0.004) than 216 CDI patients without CRE coinfection (Table 1). There were no differences in terms of sex, 
age, other underlying diseases, or prior drug exposure within one month before CDI onset in the two groups.

Figure 1 The flow chart and in-hospital mortality rates of hospitalized patients with Clostridioides difficile infection (CDI), stratified by the presence or absence of 
carbapenem-resistant Enterobacterales (CRE) coinfections*. *CRE infections develop within 14 days before or after the onset of CDI.
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According to the definition by the IDSA/SHEA, the proportions of severe CDI (36.4% vs 35.2%, P = 1.00), blood 
leukocyte count ≥15,000 cells/mL (36.4% vs 25.0%, P = 0.31), or serum creatinine >1.5 mg/L (4.5% vs 13.4%, P = 0.33) 
were not significantly different in those with and without CDI-CRE coinfections (Table 2). Moreover, the proportion of 
tcdC deletion in C. difficile isolates and drug therapy for CDIs were similar in the two groups. However, CDI patients 
with CRE coinfection had a longer hospitalization duration (103.0 ± 97.0 days vs 42.5 ± 109.6 days, P = 0.01) and 
a higher recurrence rate of CDI (9.1% vs 6.0%, P = 0.64), although without statistical significance, than those without 
CRE coinfection. CDI patients with CRE coinfection were more likely to have CRAB colonization or infection (22.7% 
vs 8.3%, P = 0.046). In the multivariate analysis, age (odds ratio [OR] 1.05, 95% confidence interval (CI 1.01–1.10, P = 
0.02) was independently associated with CRE coinfection. In contrast, underlying old stroke was negatively linked to the 
coexistence of CRE infection (OR 0.15, 95% CI 0.03–0.70, P= 0.02) (Table 3).

The impact of CRE coinfections on the recurrence of CDI was analyzed in multivariate analysis. Those with CDI 
recurrence more often had underlying hypertension than those without CDI recurrence (93.3% vs 61.4%, P = 0.01) 
(Table 4). There were no differences in terms of sex, age, or other underlying diseases between the two groups. In the 

Table 1 Underlying Diseases and Prior Antibiotic or Medication Exposure in Patients with Clostridioides difficile Infection (CDI), 
Stratified by the Presence or Absence of Carbapenem-Resistant Enterobacterales (CRE) Coinfection

Variables (Case/Isolate Number) Total n=238 CRE Infection P value

No, n=216 Yes, n=22

Age, years 75.7 ± 12.7 75.2 ± 12.8 79.9 ± 12.1 0.10
Gender, male 114 (47.9) 105 (48.6) 9 (40.9) 0.51

Duration from admission to onset of CDI, days 14.7 ± 16.0 14.3 ± 16.0 18.1 ± 15.9 0.30

Intensive care unit-onset CDI 35 (14.7) 28 (13.0) 7 (31.8) 0.03
Underlying disease

Hypertension 151 (63.4) 138 (63.9) 13 (59.1) 0.65

Diabetes mellitus 112 (47.1) 97 (44.9) 15 (68.2) 0.04
Chronic kidney disease 105 (44.1) 91 (42.1) 14 (63.6) 0.07

Old stroke 88 (37.0) 86 (39.8) 2 (9.1) 0.004

Dementia 62 (26.1) 54 (25.0) 8 (36.4) 0.31
Coronary artery disease 41 (17.2) 39 (18.1) 2 (9.1) 0.39

Congestive heart failure 35 (14.7) 32 (14.8) 3 (13.6) 1.00

Parkinsonism 27 (11.3) 27 (12.5) 0 0.15
Malignancy 32 (13.4) 29 (13.4) 3 (13.6) 1.00

Chronic obstructive pulmonary disease 24 (10.1) 21 (9.7) 3 (13.6) 0.47

Liver cirrhosis 7 (2.9) 7 (3.2) 0 1.00
Recent medication within one month before CDI onset

Antimicrobial therapy

Cephalosporins 122 (51.3) 115 (53.2) 7 (31.8) 0.07
Cefazolin, iv 3 (1.3) 2 (0.9) 1 (4.5) 0.25

Cefuroxime, iv/o 20 (8.4) 20 (9.3) 0 0.23

Ceftazidime or ceftriaxone, iv 75 (31.5) 70 (32.4) 5 (22.7) 0.47
Cefepime, iv 34 (14.3) 33 (15.3) 1 (4.5) 0.33

Penicillins 28 (11.8) 25 (11.6) 3 (13.6) 0.73
Carbapenem, iv 50 (21.0) 45 (20.8) 5 (22.7) 0.79

Fluoroquinolones, iv/o 11 (4.6) 10 (4.6) 1 (4.5) 1.00

Glycopeptides, iv 34 (14.3) 33 (15.3) 1 (4.5) 0.33
Proton pump inhibitors, iv/o 61 (25.6) 52 (24.1) 9 (40.9) 0.12

H2-receptor antagonists, iv/o 37 (15.5) 36 (16.7) 1 (4.5) 0.22

Steroids, iv/o 61 (25.6) 52 (24.1) 9 (40.9) 0.12

Note: Data are presented as patient numbers (%) or means ± standard deviations. 
Abbreviation: iv/o, intravenous/oral.
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multivariate analysis, CRE coinfection and chronic kidney disease were not associated with CDI recurrence, but 
hypertension was an independent risk factor for CDI recurrence (OR 8.46, 95% CI 1.09–65.92, P = 0.04).

Discussion
CRE coinfection was found among 9.2% of patients with CDI in our study which was associated with prolonged 
hospitalization and probably a higher risk of CDI recurrence. The clinical impact of CRE infections was diverse among 
patients from different regions. The 30-day all-cause mortality rate was higher in South America (28%) than in China 
(12–19.7%), the United States (23%), or Taiwan (23.2%).26–28 Despite there are geographic variations in the prognostic 
impact of CRE infections among general population, CRE infections lead to more significant impact among ICU patients. 
Among patients in the respiratory ICU, CRKP infections resulted in the in-hospital mortality rate up to 42.1%.37 

Accordingly, coinfections of CRE and CDI may be linked to a grave outcome, especially among those admitted to 
the ICU.

Table 2 Laboratory Characteristics, Antimicrobial Therapy, and Outcomes in Patients with Clostridioides difficile Infection 
(CDI), Stratified by the Presence or Absence of Carbapenem-Resistant Enterobacterales (CRE) Coinfection

Variables Total n=238 CRE Coinfection P value

No, n=216 Yes, n=22

Total leukocyte count, x1000 cells/mL 12.1 ± 6.9 11.7 ± 6.3 15.7 ± 11.0 0.11
≥ 15,000 cells/mL 62 (26.1) 54 (25.0) 8 (36.4) 0.31

Serum creatinine > 1.5 mg/L 30 (12.6) 29 (13.4) 1 (4.5) 0.33

Severe CDIa 84 (35.3) 76 (35.2) 8 (36.4) 1.00
Infected by tcdC deletion strainb 21/172 (12.2) 19/157 (12.1) 2/15 (13.3) 1.00

Drug therapy for CDI

Metronidazole, iv/o 125 (52.5) 113 (52.3) 12 (54.5) 1.00
Vancomycin, o 9 (3.8) 9 (4.2) 0 1.00

VRE colonization 32 (13.4) 30 (13.9) 2 (9.1) 0.75

CRPA colonization/infection 12 (5.0) 10 (4.6) 2 (9.1) 0.31
CRAB colonization/infection 23 (9.7) 18 (8.3) 5 (22.7) 0.046

Outcomes of CDI

Hospitalization duration, days 48.1 ± 109.7 42.5 ± 109.6 103.0 ± 97.0 0.01
Recurrence 15 (6.3) 13 (6.0) 2 (9.1) 0.64

In-hospital mortality 59 (24.8) 52 (24.1) 7 (31.8) 0.44

Notes: Data are presented as patient numbers (%) or means ± standard deviations. aSevere CDI defined by the IDSA/SHEA: leukocyte count ≥ 15,000 
cells/mL or serum creatinine > 1.5 mg/dL. bOnly 172 C. difficile strains available. 
Abbreviations: iv/o, intravenous/oral; VRE, vancomycin-resistant Enterococcus; CRPA, carbapenem-resistant Pseudomonas aeruginosa; CRAB, carbapenem- 
resistant Acinetobacter baumannii.

Table 3 Multivariate Analyses of Variables Associated with Carbapenem-Resistant 
Enterobacterales Coinfections Among Hospitalized Patients with Clostridioides difficile Infection 
(CDI)

Clinical Variables Odds Ratio 95% Confidence Interval P value

Recent use of proton pump inhibitors 2.75 0.96–7.85 0.06

Diabetes mellitus 2.38 0.82–6.95 0.11
Chronic kidney disease 2.30 0.82–6.46 0.11

Recent use of steroids 2.24 0.74–6.77 0.15

Intensive care unit-onset CDI 1.58 0.47–5.30 0.46
Age 1.05 1.01–1.10 0.02

Recent use of cephalosporins 0.38 0.14–1.07 0.07

Old stroke 0.15 0.03–0.70 0.02
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Age and CRAB colonization or infection are associated with CRE coinfections among our patients with CDI. Several 
characteristics of the elderly have been proposed as risk factors for CRE infections, including the presence of indwelling 
urinary catheters,37,38 central venous catheter use,38 nasogastric tubes,28,39 and multiple comorbidities.37,40 Moreover, 
these characteristics are risk factors for CRAB colonization or infection.41 There is no doubt that elderly patients or those 
with CRAB colonization or infection are prone to suffer from CRE coinfections among patients with CDI.

CRE coinfections might be associated with recurrence of CDI in the univariate analysis, but such an association 
became statistically insignificant in the multivariate analysis. Recognized risk factors for recurrent CDI included age, 
healthcare-associated CDI, prior hospitalization, antibiotic use, and proton pump inhibitor use, which were also risk 
factors for CRE infections.42,43 Therefore, recurrence of CDI should be closely monitored among patients with 
comorbidities and CRE coinfections.

The presence of prior stroke was related to a lower risk of CRE coinfection among our cases of CDI, but its rationale 
remains obscure. In the study hospital, most patients with stroke were hospitalized in the neurology ward, which is apart 
from other general wards. The different location might be one of the reasons that those with stroke had a lower risk of 
CRE coinfection. However, the causal effect of medications commonly prescribed for those with prior stroke and CRE 
infection warrants further evaluations. In contrast, hypertension, a common comorbidity in elderly individuals with 
CDI,44 was independently associated with recurrence of CDI. Moreover, the presence of hypertension has been 
independently associated with the development of CDI.45 Not surprisingly, CDI is related to dysbiosis, an imbalance 
in the composition and function of gut microbiota.16 Furthermore, dysbiosis was associated with hypertension in both 
animal models and humans.46 However, the complex interactions among hypertension, CDI recurrence, and gut dysbiosis 
merit further epidemiological or clinical investigations.

Routine screening for CRE colonization at admission was not performed in our hospital, and thus the patients with 
CRE colonization before admission or acquired in the community, if any, could not be identified. However, CRE 
colonization has been recognized as a risk factor of CRE infection,47 and those with non-intestinal CRE colonization 
would have similar clinical outcomes as those with CRE infection.48 Prospective investigations of the direct or indirect 

Table 4 Underlying Diseases and Prior Antibiotic or Medication Exposure in Patients with Clostridioides difficile Infection (CDI), 
Stratified by the Presence or Absence of Recurrence

Variables Recurrence P valuec P valued (OR, 95% CI)

No, n=223 Yes, n=15

Age, years 75.2 ± 10.5 76.1 ± 12.6 0.31
Gender, male 109 (48.9) 5 (33.3) 0.29

Intensive care unit-onset CDI 33 (14.8) 2 (13.3) 1.00

Underlying disease
Hypertension 137 (61.4) 14 (93.3) 0.01 0.04 (8.46, 1.09–65.92)

Diabetes mellitus 102 (45.7) 10 (66.7) 0.18

Chronic kidney disease 95 (42.6) 10 (66.7) 0.11 0.12 (2.43, 0.79–7.48)
Old stroke 82 (36.8) 6 (40.0) 0.79

Dementia 57 (25.6) 5 (33.3) 0.55

Coronary artery disease 37 (16.6) 4 (26.7) 0.30
Congestive heart failure 33 (14.8) 2 (13.3) 1.00

Malignancy 29 (13.0) 3 (20.0) 0.43

Parkinsonism 25 (11.2) 2 (13.3) 0.68
Chronic obstructive pulmonary disease 22 (9.9) 2 (13.3) 0.65

Liver cirrhosis 7 (3.1) 0 1.00

Severe CDIa 80 (35.9) 4 (26.7) 0.58
CRE coinfection 20 (9.0) 2 (13.3) 0.64 0.63 (1.48, 0.30–7.44)

Infected by a C. difficile strain with tcdC deletionb 20/161 (12.4) 1/11 (9.1) 1.00

Notes: Data are presented as patient numbers (%) or means ± standard deviations; OR, odds ratio; CI, confidence interval. aSevere CDI defined by the IDSA/SHEA: 
leukocyte count ≥ 15,000 cells/mL or serum creatinine > 1.5 mg/dL. bOnly 172 C. difficile strains are available for the detection of tcdC deletion. cUnivariate analysis. 
dMultivariate analysis.
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outcome impact of CRE colonization on patients with CDI, who often have imbalanced intestinal microbiota due to 
multifactorial predisposing factors, are warranted.

In our study, CRE coinfections were found among 9.2% of patients with CDI and were associated with prolonged 
hospitalization and probably a higher risk of CDI recurrence. In the United States, the case number of CDI and CRE infection 
in 2016 was estimated to be 468,567 and 9620, respectively.49 These infections caused 17,630 deaths and an annual loss of 
8624 quality-adjusted life years in the survivors.49 Because of significant mortality and morbidity related to these infections, 
the estimated societal willingness to pay to avoid these diseases is high at $176.7 billion per year, of which 93.9% is for CDI.49 

Therefore, it is urgent and essential to set up infection control policies, including antibiotic stewardship program, toward 
preventing CDI and CRE infections.50 According to the clinical practice guidelines proposed by the Infectious Diseases 
Society of America (IDSA)/Society for Healthcare Epidemiology of America (SHEA), discontinuing unnecessary antibiotics 
is one of the important measurements for CDI treatment and prevention.34 The incidence of nosocomial infections due to 
ertapenem-resistant Enterobacteriaceae before and after the prescription intervention by an antimicrobial restriction system 
was 48.0 and 9.5 infections per 10,000 patient-days.50 Therefore, it is critical for physicians, pharmacists, and healthcare 
professionals to recognize risk factors and clinical impact of CRE coinfections among hospitalized patients with CDI and 
promptly formulate plausible strategies of antimicrobial stewardship programs.

There were some limitations in this study. First, the molecular mechanisms of carbapenem resistance were not 
analyzed, and antimicrobial susceptibility or the therapeutic efficacy of antimicrobial therapy and the intrinsic virulence 
of different bacterial species were not assessed in this study. The confounding variables of clinical outcome cannot be 
fully considered. Second, in this study, CRE coinfections included CRE infections occurring before, after, or at the time 
of the onset of CDI. The prognostic impact of CRE infections discovered at different timings based on the onset of CDI is 
likely to vary. It is worth separately examining the influence of CRE infections that develop before, after or at the same 
time of onset of CDI if there are more cases of CDI included. Third, the coexistence of VRE, CRAB, or CRPA was noted 
from medical charts, and infection or colonization could not be distinguished perfectly due to limited clinical data. Their 
presence in CDI patients with or without CRE coinfection highlighted the clinical complexity among these hospitalized 
patients. Finally, the study conclusions were based on a small number of patients with both CDI and CRE (ie, 22 patients 
in total), and it is too early to apply the study findings to diverse patient cohorts in different hospitals.

In conclusion, CRE coinfections, of which age was an independent risk factor, were associated with prolonged 
hospitalization among patients with CDI.
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