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Clostridioides (C.) difficile is a major healthcare-associated pathogen inducing infectious diarrhea. Approximately 25–33% of patients with antibiotic-associated diarrhea (AAD) and 90% of patients with pseudomembranous enteritis are caused by C. difficile infection (CDI). Stool samples were collected from hospitalized adults with presumptive AAD in four nonneonatal intensive care units (ICUs). Diagnosis of CDI was based on both clinical symptoms and laboratory results. The stool specimens were transferred onto CDIF (C. difficile agar), and C. difficile was finally confirmed by the latex agglutination test. Toxin-producing genes tcdA (A), tcdB (B), and cdt (CDT) were detected by PCR, and all isolates were performed multilocus sequence typing analysis. The antibiotic susceptibility of C. difficile isolates was assessed by the agar dilution method. A total of 184 C. difficile were isolated from 857 specimens in our study, the isolation rate of C. difficile was 21.5% (184/857). The 184 C. difficile were isolated from 179 patients, among these 115 patients were toxin-positive, giving the incidence of CDI being 58.0/10,000 patient days in the four ICUs. Among these 115 toxin-positive C. difficile isolates, 100 (87.0%) isolates produced two toxins (A+B+CDT-), three (2.6%) isolates were A+B+ with binary toxin-producing (A+B+CDT+), and 12 (10.4%) isolates only produced one toxin (A-B+CDT-). A total of 27 sequencing types (STs) were obtained. The most prevalent was ST3 (34 isolates), followed by ST39 (27 isolates), ST54 (19 isolates), ST26 (16 isolates), ST35 (15 isolates), and ST2 (13 isolates). All the ST26 isolates were nontoxigenic. Meanwhile, five STs were newly discovered. Although multidrug resistance was present in ≥50% of these C. difficile isolates, all of them were susceptible to tigecycline, fidaxomicin, metronidazole, and vancomycin. In conclusion, C. difficile isolates producing two toxins (A+B+CDT-) were dominant in our hospital. The most prevalent was ST3, and all ST26 isolates were NTCD. Although multidrug resistance was present in ≥50% of the C. difficile isolates, metronidazole, tigecycline, fidaxomicin, and vancomycin were still effective treatments for CDI in our hospital.
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INTRODUCTION

Clostridioides difficile is a major healthcare-associated pathogen inducing infectious diarrhea, which is responsible for a wide spectrum of diseases, ranging from mild diarrhea to fulminant colitis and even death (1). Approximately 25–33% of patients with antibiotic-associated diarrhea and 90% of patients with pseudomembranous enteritis are due to C. difficile infection (CDI) (2). The CDI has been associated with increased morbidity and decreased quality of life in patients, accompanied by prolonged hospitalization (3–5).

Recently, the incidence of CDI has been reported to increase in various countries. Sweden, China, and several other countries have reported an incidence rate of 17.1/10,000 admission to hospitals (6). The incidence of CDI has largely increased due to the emergence of an epidemic ribotype (sequence type [ST]: 1/027/NAP1), and the development of more sensitive detection approaches (7). CDI has been recognized to initiate from unusual antibiotic exposure of intestinal microbiota. The most important risk factor for CDI is broad-spectrum antimicrobial drugs that induce intestinal microfloral dysbiosis (8).

The severity and consequences of CDI are influenced by multiple factors, namely, hypervirulent isolates, age, immune status, and underlying conditions of the patient (e.g., receipt of antimicrobial therapy) (9). A novel C. difficile isolate with binary toxin-positive (non-027, non-078), associated with severe diarrhea has been recently reported in our hospital (10). Furthermore, the emergence of resistance to antimicrobial agents has complicated the treatment for CDI patients (11). Therefore, exploring the prevalence of antimicrobial-resistant C. difficile in an institution can facilitate optimizing antimicrobial stewardship programs. In this study, important information on the incidence of CDI was provided, and antibiotic resistance of C. difficile among patients in intensive care units (ICUs) wards was conducted.



MATERIALS AND METHODS


Study Location and Population

A prospective study was performed to monitor patients from April 2017 to November 2017, identifying cases of hospital-onset diarrhea in four nonneonatal ICUs in Xiangya Hospital, which is a 3,500-bed tertiary university hospital in Changsha, Hunan Province, China, with approximately 100,000 annual admissions. The four nonneonatal ICUs include general ICU (GICU, 35 beds), neurosurgery ICU (NSICU, 20 beds), neurology ICU (NICU, 16 beds), and respiratory ICU (RICU, 10 beds). This study was approved by the Ethics Committee of Xiangya Hospital.



Inclusion and Exclusion Criteria
 
Inclusion Criteria

Hospitalized patients aged ≥ 18 years old; diarrhea after 48 h following admission to the hospital; antibiotics administered before the occurrence of diarrhea (irregular stools ≥ 3 times per day with the Bristol grade as 5–7).



Exclusion Criteria

Hospitalized patients aged < 18 years old; diarrhea within 48 h after admission to the hospital; irregular-shaped stools <3 times per day; patients with diarrhea diagnosed as gastrointestinal infection or intestinal functional diseases.




Isolation of C. difficile and CDI Diagnosis

Stool specimen was collected from the patients with diarrhea occurring ≥ 48 h after admission and before discharge, and specimen (about 1 g) was taken and placed in 1 ml of sterile saline and mixed well, then transferred onto CDIF agar (Chrome ID C. difficile) (Biomerieux, Shanghai, China) and incubated in anaerobic airtight containers (Biomerieux, Shanghai, China) for ≥ 48 h. C. difficile isolates were identified by odor and colony morphology, followed by final confirmation with latex agglutination test using glutamate dehydrogenase (Biomerieux, Shanghai, China) and PRO DISK (Remel, England).

The 16S rDNA and toxin-producing genes tcdA, tcdB, cdtA, and cdtB were conducted by PCR according to prior recommendations (12). 16S rDNA was an internal positive control in toxin gene PCR. The patients with stool cultured positive for C. difficile, meanwhile, the isolates that tested positive for toxin gene by PCR were diagnosed with CDI.



MLST Analysis of C. difficile

Multilocus sequence typing (MLST) was performed to analyze the C. difficile isolates (both toxigenic and nontoxigenic) following a previously established method (13). The genomic DNA was obtained from C. difficile cultured on blood agar (BioMerieux, Shanghai, China) for 48 h at 37°C under anaerobic conditions. High molecular weight DNA extracted using QIAamp DNA Mini Kit (QIAGEN, Valencia, CA, USA) according to the instructions of the manufacturer. The specimen was coded with a unique study ID, collection dates, test results, and the data of the patient were registered.



Determination of Antibiotic Resistance

The susceptibility of C. difficile isolates to 11 types of antibiotics, namely, chloramphenicol (CHL), metronidazole (MTZ), vancomycin (VAN), rifaximin (RFX), fidaxomicin (FDX), ampicillin (AMP), clindamycin (CLI), tigecycline, fusidic acid (FSA), levofloxacin (LVX), and tetracycline (TE) were tested by agar dilution according to the procedures of the Clinical and Laboratory Standards Institute (CLSI-M100-S29). The minimum inhibitory concentrations (MICs) defined as the lowest concentration of each antimicrobial agent that inhibited the growth of the tested isolate, were recorded after 48 h of incubation following CLSI recommendations. The antibiotics were purchased from MedChemExpress (America).

MIC50 and MIC90 referred to the MIC required to inhibit the growth of 50% and 90% of the tested bacteria. C. difficile ATCC 70057 and Bacteroides fragilis ATCC 25285 were used for quality control. The interpretive breakpoints for CHL (MIC ≥ 32), CLI (MIC ≥ 8), TE (MIC ≥ 16), AMP (MIC ≥ 2), LVX (MIC ≥ 8), and MTZ (MIC ≥ 32) were set following the guidelines recommended by CLSI (https://clsi.org/media/1872/_m100_archived_drugs_table.pdf). The breakpoint for VAN (MIC > 2) was based on the European Antimicrobial Susceptibility Test Committee (14). The resistance breaking points for RFX (MIC > 32) and FSA (MIC > 0.5) were according to the literature (15). No resistance breaking points were available for fidaxomicin and tigecycline with specific.



Statistical Analysis

Data were presented by the rate, and the comparison of antibiotic resistance rate was conducted by chi-squared test. P < 0.05 indicates that the difference is statistically significant.




RESULTS


C. difficile Isolation and Isolation Rate

A total of 857 specimens meeting the criteria were collected, among which 184 C. difficile were isolated, with an isolation rate of C. difficile as 21.5% (184/857). Repetitive specimens from the same patient were excluded. Among the total 774 patients with diarrhea, 179 patients were positive for C. difficile culture, while the other 595 patients were C. difficile negative (Figure 1).
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FIGURE 1. The detailed procedures of patient enrollment and specimen screening processes.




Incidence of CDI in Four ICUs

Among the 179 patients, 115 patients (14.8%, 115/774) tested positive for toxin production and were diagnosed with CDI. Of the 115 patients, 12 patients were with A-B+CDT-, 100 patients were with A+B+CDT-, and three patients were with A+B+CDT+. The incidence of CDI in the patients from four ICUs was 58.0/10,000 patient days. Among these CDI patients, 70 patients were from GICU (82.0/10,000 patient days), 31 patients were from NICU (75.7/10,000 patient days), seven patients were from NSICU (15.3/10,000 patient days), and seven patients were from RICU (26.4/10,000 patient days). The incidence rate of CDI among four ICUs departments were shown in Table 1.


Table 1. The incidence rate of C. difficile infection among four ICUs departments.
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Clinical Features and Antibiotics Exposure of CDI Patients

The patients with CDI were mostly men (78 patients), and 39 patients were ≥ 65 years old, the common underlying diseases were hypertension, diabetes, and consciousness disorder in these patients. Among these 115 patients with CDI, 35 (30.43%) patients used two or more antibiotics in combination. Meanwhile, 32 (27.83%) patients used carbapenems, 31 (26.95%) patients used β-lactam mixture, and 29 (25.21%) patients used third and fourth generation cephalosporins. The clinical features and antibiotics exposure of CDI patients were shown in Table 2.


Table 2. Clinical features and antibiotics exposure of the CDI patients.
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MLST Analysis of C. difficile Isolates

A total of 27 STs were identified in the above-mentioned 179 C. difficile strains, which were divided into four main clades. Among these STs, the most prevalent types were ST3 (34, 19.0%), followed by ST39 (27, 15.1%), ST54 (19, 10.6%), ST26 (16, 8.9%), ST35 (15, 8.4%), ST2 (13, 7.3%), ST37 (9,5.0%), ST129 (7, 3.9%), ST15 (5, 2.8%), ST83 (5, 2.8%), ST5 (3, 1.7%), ST14 (3, 1.7%), ST33 (3, 1.7%), ST476 (2, 1.1%), and one isolate for each of the other STs. All the ST26 isolates were nontoxin-producing C. difficile. Moreover, five STs were newly discovered, among which ST475 was obtained from SICU, ST476 was from both SICU and SGICU, while ST477, ST478, and ST479 were from GICU. Meanwhile, only one gene (tpi) was found different between ST477 and ST37 isolates. The novel ST data have been submitted to the MLST database.



Toxin Gene Detection of C. difficile Isolates

A total of 179 nonrepetitive C. difficile isolates were collected in this study, 115 isolates (64.2%, 115/179) were toxin-producing, while the rest 64 isolates (35.8%, 64/179) were nontoxigenic, and ST26 were all nontoxigenic isolates. Among these 115 toxin-producing isolates, 100 isolates (87.0%, 100/115) were positive for the two toxin genes (tcdA and tcdB), but negative for binary toxin encoding genes (A+B+CDT-); three isolates (2.6%, 3/115) were positive for both tcdA and tcdB, and the binary toxin encoding genes (A+B+CDT+), which belonged to ST5 and ST3; 12 isolates (10.4%, 12/115) could produce only tcdB, but negative for tcdA and binary toxin genes (A-B+CDT-). Among the C. difficile isolates with two toxin genes (A+B+CDT-), ST3 and ST54 were the main ST types. C. difficile isolates with both two toxin genes and binary (A+B+CDT+) belonged to ST5 and ST39, and ST37 were the most common ST type in C. difficile isolates with only tcdB (A-B+CDT-). All the ST26 isolates in this study were nontoxigenic (NTCD). The relationship of sequence types and toxin genes of C. difficile isolates was shown in Figure 2.
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FIGURE 2. The relationship of sequence types and toxin genes of C. difficile isolates.




Antibiotic Resistance Rate Among Toxigenic C. difficile Strains
 
Antibiotic Resistance Rate of C. difficile Isolates According to Toxin Type

Multidrug resistance was present in C. difficile isolates in this study, while no significant difference was observed between isolates with A+B+CDT- and those with A-B+CDT- (Table 3). The most prevalent resistance was detected for CLI (81.0 and 91.2%) and CHL (89.0 and 91.2%), followed by AMP (68.0 and 50.0%) and TE (50.0 and 50.0%). Meanwhile, the resistance to LVX (47.0 and 50.0%) and FSA (44.0 and 41.7%) was also high. The MIC values of CHL (MIC90 ≥ 256 μg/ml), CLI (MIC90 ≥ 128 μg/ml), TE (MIC90 ≥ 128 μg/ml), AMP (MIC90 ≥ 128 μg/ml), and LVX (MIC90 > 128 μg/ml) were relatively high, while those of tigecycline (MIC90 = 0.25 μg/ml) and fidaxomicin (MIC90 = 0.5 μg/ml) were relatively low. Moreover, we found that all the 115 isolates were susceptible to MTZ and vancomycin.


Table 3. The antibiotic resistance of C. difficile isolates according to toxin type.
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Antibiotic Resistance Rate of C. difficile Isolates According to ST Type

A comparison of the prevalence of antibiotic resistance among different STs of the C. difficile isolates was shown in Table 4. The rates of CLI (58.3%), TE (33.3%), and AMP (50%) resistance in ST2 C. difficile isolates were lower than those in other STs. Meanwhile, the prevalence of CHL resistance was high in all STs (66.7–100%), while a great variety was observed in that of FSA (0.0–73.6%). In addition, most of the C. difficile isolates were sensitive to rifaximin (0.0–16.7%).


Table 4. The antibiotic resistance of C. difficile isolates according to ST types.
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Antibiotic Resistance Type of Toxigenic C. difficile Isolates

Except for one C. difficile isolates was sensitive to all the seven antibacterial drugs in our study, other isolates were found to be resistant to at least one of these antibiotics, and most of them were resistant to either CHL, CLI, or AMP (Figure 3). Among these 115 toxigenic C. difficile isolates, 92 isolates (80.0%) were resistant to at least three antibiotics, and multiple resistance to CHL, CLI, TE, AMP, LVX, and FSA (20 isolates) were most common, followed by 12 isolates were resistant to four antibiotics (CHL+CLI+AMP+FSA), six isolates were resistant to another four antibiotics (CHL+CLI+AMP+LVX), and another six isolates were resistant to three antibiotics (CHL+CLI+TE). A total of 72 isolates were resistant to more than three antibiotics. Among these isolates, 32 isolates were resistant to four antibiotics, 13 isolates were resistant to five antibiotics, 22 isolates were resistant to six antibiotics, and only two isolates were resistant to the seven antibiotics.
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FIGURE 3. The antibiotic resistance type of toxigenic C. difficile isolates according to the difference of resistance to different types of antibiotics.






DISCUSSION

Patients with diarrhea are not routinely tested for C. difficile in China, therefore, CDI might be underestimated (16–18). In our study, we actively tested patients in the ICU ward, the isolation rate of C. difficile was 21.5% (184/857), which is similar to the study by Polage et al. (19), in which 21.0% (293 out of 1,416) of hospitalized adults were tested C. difficile positive by PCR. However, another study with an immunochromatographic test reported a 4.9% positive rate among the patients with diarrhea (20), which is much lower than our results. The difference might be due to the limitations and methods of the studies, or might be related to the size of the study population. Moreover, the ICU patients in our study almost received broad-spectrum antibiotics, which might have potentially induced the emergence of CDI (21).

The positive rate (14.8%, 115/774) of C. difficile toxin genes in this study is higher than our previous study (8%, 47/593) (9). The overall incidence rate of CDI (58.0/10,000 patient days) is also higher than our previous study (14.1/10,000 patient days) (4), and the highest incidence of CDI was found in GICU patients (82.0/10,000 patient days). This might be due to the wide administration of broad-spectrum antibiotics in recent years. In our study, among these 115 patients with CDI, 35 patients used two or more antibiotics in combination. Meanwhile, 32 patients used carbapenems, 31 patients used β-lactam mixture. In addition, the higher positive rate might be related to the use of the chromogenic medium, which could better detect C. difficile. A study by 17 hospitals in South Korea found that the CDI incidence increased from 17.0/100,000 adult inpatients in 2004 to 27.0/100,000 adult inpatients in 2008 (22). Moreover, the incidence rate reported in the United States during the same period was 87.5/100,000 hospitalized patients (23). The reasons for the increased incidence rate might be related to the advanced detection approaches.

Although A+B+ (87.0%) was the dominant C. difficile toxigenic type found in this study, the prevalence of A-B+ has been reported to increase in several other regions of the world (24). We found that only 12 (10.4%) isolates produce only one toxin (A-B+CDT-), which is lower than what has been reported previously in Beijing (23.3%) (17). Interestingly, infection with toxin-positive C. difficile isolates has been associated with higher mortality and recurrence rates (25). In this study, three (2.6%) isolates of C. difficile were positive for both the two toxin genes and binary toxin gene (A+B+CDT+), which is similar to that reported by another study in Shanghai (1.6%) (26). However, the overall prevalence of A+B+ C. difficile isolates in China is much lower than that in North America and Europe (27). Global variability in the prevalence of C. difficile strains with A+B+ could be due to the differences in testing methods, patient-related factors, surveillance sensitivity, and differential infection control practices and distribution of toxigenic C. difficile isolates (9).

Based on the MLST analysis, a total of 27 C. difficile STs were identified, which were divided into four main clades. The most common four STs (ST3, ST39, ST54, and ST26) were different from our previous study (9). Our previous study on CDI among patients with hospital-acquired pneumonia showed that the predominant STs of C. difficile were ST54 (20%), ST37 (15.6%), and ST3 (9.4%) (4). This might be related to the clonal spread of C. difficile isolates in the hospital. ST3 and ST54 were the main ST types in C. difficile isolates with tcdA-positive and tcdB-positive (A+B+CDT-). ST37 was the most common ST type in C. difficile isolates with only tcdB-positive (A-B+CDT-). In another study, ST54 was the most common ST type in C. difficile isolates with two toxin genes (tcdA+, tcdB+, cdtB-) (28). Meanwhile, ST37 belonged to C. difficile isolates with only tcdB-positive (A-B+CDT-) in another study in China (29). C. difficile isolates with binary (A+B+CDT+) belonging to ST5 and ST39. All the ST26 strains in this study were NTCD, which is supported by Couturier et al. (30).

Among these 115 toxigenic C. difficile isolates, 92 strains (80.0%) were resistant to at least three antibiotics, and multiple resistance to CHL, CLI, TE, AMP, LVX, and FSA (20 strains) were most common, followed by 12 strains were resistant to four antibiotics (CHL+CLI+AMP+FSA) (Figure 3). High-level resistance to AMP, CHL, CLI, and LVX was detected among the isolates with A-B+ and A+B+ in this study. The rates of CLI, TE, and AMP resistance among ST2 C. difficile isolates were lower than those in other STs. Previous data showed that resistance to CLI (8.3−100%), cephalosporins (51%), erythromycin (13–100%), and fluoroquinolones (47%) is commonly observed in C. difficile isolates within the past 15 years (2000–15) (31). Similar antibiotic resistance was also found in the C. difficile isolates investigated in this study. These data in our study suggest that antibiotic resistance of C. difficile remains prevailing. More worrisome, most of the C. difficile isolates investigated in this study showed resistance to multiple antibiotics.

Although several studies have reported the increasing MICs for MTZ and vancomycin in C. difficile, all isolates in the current study were susceptible to these two antibiotics. Both MTZ and vancomycin are the most commonly used antibiotics for mild-to-moderate and severe CDI (32), and they have been used for more than 30 years. In a multicenter study conducted in Taiwan, all C. difficile isolates were susceptible to MTZ, however, two isolates had reduced susceptibility to vancomycin (MIC = 4 μg/ml) (33). Furthermore, the MICs of tigecycline and fidaxomicin were low in our study. Fidaxomicin is associated with a significantly lower recurrence rate in CDI therapy, therefore, it is considered to have similar therapeutic efficacy as oral vancomycin (8, 12). In addition to vancomycin, MTZ, and fidaxomicin, tigecycline has been used in cases where severe adverse effects occurred following standard therapy (34). Although C. difficile isolates are resistant to multiple antibiotics in our study, antimicrobial therapy is still the first choice for CDI, and specific guideline recommendations of antimicrobial therapy should be based on the severity of the CDI.



CONCLUSIONS

In conclusion, C. difficile isolates from CDI patients in our hospital are dominated by those producing two toxins (A+B+CDT-). ST3 isolates are the most prevalent ST, and ST26 isolates are all NTCD. The higher positive rate of C. difficile might be due to the wide administration of broad-spectrum antibiotics in recent years. Although multidrug resistance is present in ≥50% of the C. difficile isolates, MTZ and vancomycin are still effective against C. difficile, serving as available treatment options for CDI patients.
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