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Abstract

Background: Carbapenem-resistant Enterobacterales (CRE) pose a critical threat to public health, marked by limited therapeutic options, high mortality rates and significant pressure on healthcare systems. Despite the growing global burden, our region remains under-represented in national surveillance efforts, with a notable absence of local data.

Objectives: This study aims to describe the epidemiological, clinical and microbiological characteristics, as well as patient outcomes, of CRE bacteraemia at Universitas Academic Hospital in Bloemfontein, South Africa, over a 5-year period.

Method: A retrospective file review was performed for all adult in-patients with confirmed CRE bacteraemia admitted between 2019 and 2023. Data collected included patient demographics, comorbidities and clinical data pertaining to admission, microbial characteristics and clinical outcomes.

Results: Ninety-four episodes of CRE bacteraemia were identified in 88 patients. Prior antibiotic exposure was present in 90.9%, while 79.5% had comorbidities and 61.4% acute renal impairment. Klebsiella pneumoniae (84%) and Enterobacter cloacae (9.6%) were the predominant organisms cultured, with oxacillinase-48 (OXA-48) (78.4%) and New Delhi metallo-β-lactamase (NDM) (6.7%) being the most common carbapenemase genes detected. Only 13.8% of OXA-48-positive episodes received recommended first-line antibiotics. In-hospital mortality reached 56.8%, with immunosuppressive therapy significantly associated with death (p = 0.0165).

Conclusion: Mortality in our setting was substantially higher than national and international reports. Suboptimal treatment and limited access to effective antimicrobials likely contributed to these poor outcomes.

Contribution: This is the first outcome-focused CRE study in this region, highlighting an urgent need for improved diagnostic capacity, antimicrobial access and targeted intervention strategies in under-resourced healthcare settings.
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Introduction

Antimicrobial resistance (AMR) is a growing global health concern and, in 2021, was linked to 1.14 million deaths worldwide, with projections estimating this figure could rise up to 10 million deaths annually by 2050.1 Among the most concerning contributors are carbapenem-resistant Enterobacterales (CRE), which are responsible for an estimated 3.1 million infections annually and ranking among the top six pathogens associated with AMR-related mortality.2,3 First identified in Japan during the 1980s, CRE have since spread worldwide, largely driven by the widespread and often unregulated use of antibiotics.4 In South Africa, CRE bacteraemia cases rose by 57% between 2018 and 2019, with notable regional variation observed during the 2019–2020 period.5,6 This escalating crisis underscores the urgent need for coordinated action to curb the spread of resistance and preserve the effectiveness of existing antimicrobials.

Enterobacterales, a group of Gram-negative, rod-shaped bacteria, are commonly implicated in both healthcare-associated and community-acquired infections.7 Carbapenem-resistant Enterobacterales are defined by their resistance to at least one carbapenem antibiotic, often mediated through the production of carbapenemase enzymes such as Klebsiella pneumoniae carbapenemase (KPC), New Delhi metallo-β-lactamase (NDM), oxacillinase-48 (OXA-48), Guiana extended-spectrum β-lactamase (GES) and Verona integron-encoded metallo-β-lactamase (VIM).8 These enzymes were first identified in South Africa during 2011–2012.6 Given the high mortality associated with CRE bacteraemia and the limited treatment options, understanding the microbial and clinical characteristics, as well as the outcomes, is vital for guiding infection prevention and antimicrobial stewardship efforts.6,9

Despite national surveillance efforts, data from the Free State Province remain sparse. The most recent national surveillance study by the Group for Enteric, Respiratory and Meningeal Disease Surveillance in South Africa (GERMS-SA) (2019–2020) included only 41 Free State cases out of 2144 nationally, limiting the applicability of findings to this region.6 This study aims to address that gap by describing the patient profile, microbial patterns and the outcomes of CRE bacteraemia cases at Universitas Academic Hospital in Bloemfontein from 2019 to 2023.

Research methods and design

Study design

A retrospective descriptive study was performed.

Setting

This study was conducted at Universitas Academic Hospital in Bloemfontein, located in Free State Province of South Africa. The hospital is a 636-bed public healthcare facility that functions as a tertiary referral centre for the Free State and Northern Cape provinces. It houses the only Clinical Haematology Unit in Central South Africa and offers specialised intensive care across various medical and surgical disciplines. In addition, the hospital provides sub-specialist services to Lesotho, a sovereign enclave within South Africa.

Study population

Results of all patients aged 13 years and older with CRE bacteraemia who were admitted to adult wards between 01 January 2019 and 31 December 2023 were included.

Carbapenem-resistant Enterobacterales bacteraemia was defined in line with the criteria established by the Centers for Disease Control and Prevention (CDC). A case was identified when a patient had at least one positive blood culture for an Enterobacterales species resistant to at least one carbapenem antibiotic – ertapenem, meropenem, imipenem or doripenem. This included organisms that produced carbapenemase enzymes. For organisms such as Proteus spp., Morganella spp. and Providencia spp., which inherently exhibit elevated minimum inhibitory concentrations (MICs) to imipenem, susceptibility to ertapenem, meropenem and doripenem was used to determine whether the isolate met the definition of a CRE.8

Data collection

Cases were identified through the Infection Prevention and Control (IPC) unit, which receives CRE-positive blood culture notifications from the Divisions of Medical Microbiology (National Health Laboratory Services, NHLS) and Infectious Diseases, Free State Department of Health. These cases are recorded on an internal electronic alert organism spreadsheet. Eligible cases were captured using REDCap data collection software, with identifiers (name, surname, hospital number) entered on a separate enrolment sheet, distinct from the main data collection tool. Each case was assigned a unique study number to ensure pseudo-anonymisation. The enrolment sheet linked each CRE case to the corresponding clinical, pharmacy and laboratory data.

Additional positive blood cultures for the same CRE organism in a single patient were counted as a new episode if cultured more than 21 days after the preceding culture. For patients in whom more than one CRE organism was cultured, separate episodes were entered under the same participant.

Variables

Comprehensive demographic and clinical data were collected. Numerical variables included age, length of stay at the time of positive blood culture and total hospital stay. Categorical variables included sex, comorbidities, recent surgeries, antibiotic use within 6 months, current exposure to immunosuppressive therapy, ward location and admissions in the preceding 90 days. Microbiological data encompassed organism type, susceptibility profile, resistance genes and concurrent sites of CRE isolation. The Vitek2 system was used for phenotypic microbial identification and antimicrobial susceptibility testing. The antimicrobial susceptibility testing results were interpreted in accordance with the Clinical and Laboratory Standards Institute (CLSI) guidelines, categorising isolates as susceptible, intermediate or resistant, based on established breakpoints. During the study period, the E-test method was not locally used to determine carbapenem MICs, nor was the MIC result reported to the treating clinician. Isolates were referred to the National Institute for Communicable Diseases for determination of resistance genes using molecular methods. Antimicrobial treatment received was recorded from electronic pharmacy records. During the study period, it was local practice to prescribe carbapenem monotherapy for isolates demonstrating full susceptibility to a carbapenem, based on Vitek2 system results. For isolates where no carbapenem was fully susceptible, a combination of a carbapenem and colistin was prescribed. Ceftazidime–avibactam became available towards the end of the study period, and, per local practice, patients who were critically ill, neutropenic or not responding to alternative regimens were changed to this drug once OXA-48 enzyme production was confirmed. Outcomes recorded were total hospital stay and in-hospital mortality. Specific definitions of variables can be found in Appendix 1.

Data analysis

Descriptive statistics were calculated, including frequencies and percentages for categorical data, and medians with interquartile ranges for numerical data (since the distribution was skewed). The number of days between episodes was assessed using the Wilcoxon signed-rank test.

The analysis was conducted by the Department of Biostatistics, University of the Free State, using SAS/STAT software, Version 9.4 of the SAS System for Windows (Copyright © 2013 SAS Institute Inc.). The association between clinical outcomes and factors such as sex, underlying malignancy, HIV status, comorbid conditions, current use of immunosuppressive therapy, documented antibiotic exposure within the past 6 months, recent surgical procedures and hospitalisations within the last 90 days was examined using the chi-square test or Fisher’s exact test (for sparse data) for categorical variables. A p < 0.05 was considered to be statistically significant.

Ethical considerations

Ethical approval was obtained from the Health Sciences Research Ethics Committee (HSREC) of the University of the Free State (No. UFS-HSD2024/0277/1806). Data collection began only after permissions were granted by the Free State Department of Health, the Head of Internal Medicine at Universitas Academic Hospital and the NHLS Business Manager.

All data were collected retrospectively and managed in line with ethical standards to ensure confidentiality. The enrolment sheet containing personal identifiers was securely stored on REDCap, accessible only to the principal researcher, and will be retained for 5 years. No identifying data were included in the main dataset, in compliance with the Protection of Personal Information Act (POPIA, 2013). As the study used anonymised retrospective data with no patient contact, informed consent was not required.

Results

A total of 88 patients with CRE bacteraemia were reported to the IPC department during the 5-year study period. Of these, six patients had a second episode of CRE bacteraemia, with a median (interquartile range [IQR]) interval of 25 (range: 0–176) days between episodes. Of these six patients, two had two distinct CRE isolates cultured on the same day, while the remaining four developed a second episode more than 21 days apart. The same organism was isolated in three of the four recurrent episodes. Therefore, in total, 94 episodes of CRE bacteraemia were recorded.

Characteristics of cases diagnosed with carbapenem-resistant Enterobacterales bacteraemia

The clinical characteristics of cases are described in Table 1. Notably, most cases (79.5%, n = 70/88) had one or more comorbid conditions, with 53.4% (n = 47/88) of cases diagnosed with an underlying malignancy. HIV status was documented for only 67% (n = 59/88) of cases. Other comorbidities not initially listed were documented in 20.5% (n = 18/88). These included bronchiectasis and chronic obstructive pulmonary disease, chronic liver disease, dyslipidaemia, hypothyroidism, systemic lupus erythematosus, obesity, chronic pancreatitis, epilepsy and gout. Exposure to immunosuppressive therapy was documented in 56.8% (n = 50/88) of cases. Antibiotic exposure in the 6 months prior to CRE bacteraemia was widespread, with 90.9% (n = 80/88) of cases having a documented history of prior antibiotic use.
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The median length of hospital stay at the time of the positive blood culture was 15 days (IQR: 0–148).

Logistical data

Most cases were reported from the Clinical Haematology Unit, followed by the multi-disciplinary and surgical intensive care units (ICUs) (Figure 1). A trend towards an increase in the number of reported CRE bacteraemia cases was seen from 2019 to 2020 onwards (Figure 2).
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Patient outcomes

The in-hospital mortality rate among cases with CRE bacteraemia was 56.8% (n = 50/88). Exposure to immunosuppressive therapy was associated with a statistically significant increase in in-hospital mortality, with 68% (n = 34/50) of deceased cases having a documented recent exposure (odds ratio [OR]: 2.92; 95% confidence interval [CI]: 1.22–7.02). The median length of hospital stay was 26 days (IQR: 4–191). Other clinical characteristics and outcome associations are summarised in Table 2.
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Characteristics of organisms

Among the 94 episodes of CRE bacteraemia, 84% (n = 79/94) of cultures were positive for Klebsiella pneumoniae, followed by Enterobacter cloacae at 9.6% (n = 9/94) and Proteus mirabilis with 4.3% (n = 4/94). Other organisms accounted for less than 5% of the total burden (Figure 3).
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Figure 4 illustrates the antibiotic susceptibility patterns of the isolates to non-β-lactam antibiotics. Polymyxin susceptibility data were not available as broth micro-dilution was not performed locally during the study period. Carbapenem MICs were not available for this study; however, based on VITEK2 system automated antimicrobial susceptibility testing, ertapenem was reported as susceptible in 3.2% (n = 3/94), imipenem in 16% (n = 15/94) and meropenem in 30.9% (n = 29/94) of isolates.
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Carbapenemase genetic testing was performed on 78.7% (n = 74/94) of the isolates. Among these, the majority were confirmed to be carbapenemase-producing Enterobacterales (CPE), with carbapenemase genes detected in most isolates. Only 10.8% (n = 8/74) of isolates lacked carbapenemase genes, indicating the presence of alternative resistance mechanisms or less common enzymes not included in the test. Notably, four of these eight isolates were identified as Enterobacter cloacae. Table 3 summarises the enzymes found in our isolates.
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Concurrent sites of isolation

In 50% (n = 47/94) of the CRE episodes, an isolated bacteraemia was present. In the remaining episodes, the same CRE organism was isolated from an additional site. The most common additional site was the urine, accounting for 38.3% (n = 18/47) of episodes. This was followed by sputum at 23.4% (n = 11/47) and tracheal aspirates at 12.8% (n = 6/47). Other sites included pus aspirates at 12.8% (n = 6/47), line tip cultures at 10.6% (n = 5/47), peritoneal fluid at 6.4% (n = 3/47) and tissue cultures at 2.1% (n = 1/47).

Antibiotic treatment regimens

Only 91.5% (n = 86/94) of CRE episodes were treated with an antibiotic regimen assumed to be effective. Eight episodes were treated with empirical antibiotics that were considered ineffective for CRE. Carbapenem monotherapy was prescribed in 31.9% (n = 30/94) of episodes, and a carbapenem with colistin was prescribed in 50% (n = 47/94) of episodes. For nine infectious episodes, eight of which had OXA-48 enzyme production confirmed, patients were changed from a carbapenem-containing regimen to ceftazidime–avibactam once the genotypic results became available.

Discussion

This study aims to investigate the epidemiological and clinical characteristics, as well as the outcomes of patients diagnosed with CRE bacteraemia at Universitas Academic Hospital over a 5-year period. The data revealed important insights into the demographics, comorbidities, clinical areas where infections were reported, microbiological characteristics of CRE infections, as well as factors associated with poor outcomes.

The median age of patients in this study was 46 years, with a higher prevalence of female patients (60.2%). This finding contradicts previous studies, which have noted a higher incidence of CRE infections in male patients, as reported by two recent South African studies that found a prevalence of around 54% in male patients across multiple centres.6,10 Several large international multicentre studies have also shown similar trends of male predominance.11,12,13 No association between sex and in-hospital mortality was found in this study.

A significant proportion of cases (79.5%) had one or more comorbidities, with hypertension, cardiovascular disease and diabetes being the most common. These findings are in line with previous local and international research, which has shown that CRE infections disproportionately affect patients with multiple comorbid conditions.6,10,11,12,14 More than half of the cases (53.4%) had an underlying malignancy, predominantly haematological malignancies. Research indicates that this patient group is at an elevated risk for bloodstream infections because of factors such as immunocompromised state, prolonged neutropenia, high-dose chemotherapy and mucosal barrier damage.15 Furthermore, studies have shown a CRE colonisation rate of approximately 10% in rectal swabs from these patients.11,15 In April 2023, the final year of the study period, an outbreak of CRE OXA-48 Klebsiella pneumoniae occurred in the haematology ward, with five cases identified. Only two cases were bacteraemic and thus included in the study. This selection is unlikely to have biased the results. Although most cases with CRE bacteraemia had an underlying malignancy, suggesting that this group was disproportionately affected, it was not found to be statistically associated with an increased risk of mortality.

Sepsis-related acute kidney injury (AKI) is reported to affect 10% – 67% of patients.16 Renal impairment – either AKI, chronic kidney disease (CKD) or acute-on-chronic kidney injury – was prevalent in 62.5% of cases in this study, with 61.4% exhibiting a component of AKI. This highlights the significant burden of AKI in CRE bacteraemia. The risk may be further exacerbated by the use of potential nephrotoxic antibiotics such as amikacin and colistin.17 In the literature, there is a paucity of data on AKI that pertains specifically to CRE bacteraemia. The presence of AKI or CKD did not show a statistically significant association with in-hospital mortality.

Immunosuppressive therapy is known to increase the risk of infections with CRE.11,18 This study found that 56.8% of patients had been exposed to immunosuppressive therapy that included corticosteroids, chemotherapeutic agents and biologics. Exposure to these agents had a statistically significant association with mortality (p = 0.0165), further underscoring the vulnerability of immunocompromised patients to these multidrug-resistant infections.

In our study, the prevalence of HIV infection among patients with a known status was 28.8%, notably higher than the 19.1% reported in the 2022 South African National HIV Prevalence Study for the Free State province.19 This elevated prevalence may be partly attributed to the relatively small sample size and the specific subset of tertiary care patients included in the study. In addition to this, people living with HIV (PLHIV) are at an increased risk of colonisation and infection with drug-resistant Enterobacterales because of alterations in their gut microbiome, more frequent exposure to healthcare services and more widespread use of antibiotics in this population.18 There was no statistically significant correlation between HIV status and in-hospital mortality, which aligns with findings from a recent epidemiological study conducted on CRE bacteraemia patients in South Africa.6 Despite the high HIV prevalence found in this study, the absence of increased mortality may be attributed to the high uptake of antiretroviral therapy (ART) in South Africa, coupled with the fact that most PLHIV are virologically suppressed.19 Further data are required to distinguish both the risk of infection and the impact on mortality in virologically unsuppressed patients. The impact of HIV on mortality is often under-reported in large international studies, likely because of the lower prevalence of HIV in those settings, contributing to the paucity in data.

A previous study done in the United States demonstrated that patients with CRE infections had more than 12 times the odds of prior antibiotic use compared to a control group.20 A similar tendency may be suggested in our study, with antibiotic exposure in the 6 months prior to the diagnosis of CRE bacteraemia being common, observed in 90.9% of cases. However, it was not associated with in-hospital mortality. This reflects the widespread use of antibiotics in our setting, which exerts selective pressure that contributes to the emergence of resistant organisms. In contrast, prior antibiotic exposure was lower in a recent national study, at 61%.6 This discrepancy may be because of the high intensity of care required in our setting, which delivers tertiary care and a specialised haematology service. A large proportion of participants (75%) were re-admitted, which increases environmental exposure to pathogens and the need for empiric nosocomial coverage based on clinical suspicion of infection. Most cases were admitted to the Clinical Haematology Unit, where antibiotic exposure is particularly high because of the management of conditions like neutropenic fever, which often necessitates empiric antibiotic therapy as part of initial emergency management. It is well documented that antibiotic exposure increases the risk of CRE infections compared to carbapenem-sensitive Enterobacterales infections.11,20 The data obtained in this study stress the need for strengthening antimicrobial stewardship programmes.

Microbiological analyses revealed that the majority of CRE bacteraemia episodes were caused by Klebsiella pneumoniae (84%), followed by Enterobacter cloacae (9.6%) and Proteus mirabilis (4.3%). The predominance of Klebsiella pneumoniae is in keeping with global trends seen across various South African, Asian, European and American studies.6,10,12,13,14,21,22 Carbapenemase genetic studies performed on 78.7% of isolates confirmed that most of the CRE organisms were CPE. The predominant carbapenemase was OXA-48 (78.4%), followed by NDM (6.7%). This finding is comparable to other studies done in Europe, Africa, the Middle East and South Africa, where OXA-48 has emerged as the most prevalent carbapenemase.6,23,24 These results underline the importance of monitoring carbapenemase production, as it is crucial for determining the appropriate treatment options for CRE infections. Identification of CPE is also essential for prognostication, as it may be associated with worsened outcomes and higher pathogenicity.6 Early identification of CRE and CPE strains can potentially assist in the institution of appropriate isolation and IPC measures to curb the spread of these organisms.

In half of the episodes (50%), the only documented site of infection was an isolated bacteraemia. This is concerning, as it complicates efforts to target specific sites for infection control and prevention. Potential source identification was particularly limited in patients with an underlying haematological malignancy, as only 35.1% had the same CRE organism isolated from a concurrent site despite strict protocols guiding microbiological sampling in this patient population. This may reflect a higher prevalence of primary bacteraemia in this population, often related to bacterial gut translocation and may have contributed to skewing of our overall data. In episodes where a concurrent site of isolation with the same CRE organism was confirmed, the most common sample type was the urine (38.3%), followed by sputum (23.4%) and tracheal aspirates (12.8%). While this retrospective study lacked the necessary clinical data to confirm these as sources of infection, this distribution underscores the significant role of the urinary tract and respiratory system as potential sources of CRE bacteraemia, which aligns with findings from other studies.11,12 The urinary tract as a potential source highlights the importance of emphasising sterile technique and improving staff training to prevent catheter-associated CRE infections. The significant number of episodes of isolated bacteraemia further emphasises the need for healthcare staff to be educated and trained to actively seek out potential sources of infection. Prompt implementation of source control measures, such as changing catheters and removing or replacing contaminated lines, is essential in reducing the incidence of CRE bacteraemia.

At 56.8%, the in-hospital mortality rate for our patient population with CRE bacteraemia was alarmingly high. Previous reports indicate that CRE infections are associated with high mortality, especially in older patients with underlying comorbidities, prior antibiotic use, surgery during admission, indwelling devices, ICU admission, immunocompromised state and those requiring prolonged hospital stays.6,10,13,14,20 We found that our mortality rate was higher than multiple previous local and international studies, where a mortality rate of 31% – 50% is reported.6,10,12,13,14,22 The latest national update in 2020 reported a 20.2% lower mortality rate than that found in our study.6 This may be multifactorial, with contributing considerations being a population of severely ill tertiary care patients, many of whom had an underlying haematological malignancy, lack of access to rapid diagnostic techniques and limited access to first-line antibiotic regimens for CRE infection during the study period.

Although current international guidelines recommend ceftazidime–avibactam as first-line therapy for OXA-48-producing CRE, this agent was only introduced into local practice from April 2023. As a result, a mere 13.8% (n = 8/58) of episodes with a documented OXA-48 enzyme received recommended first-line therapy during the study period. Ceftazidime–avibactam has been shown to be superior to colistin, with significantly lower 30-day mortality rates, emphasising the impact of delayed access to optimal therapy.25,26 Furthermore, none of the episodes with NDM or dual NDM and OXA-48 genotypes received the recommended combination of ceftazidime–avibactam plus aztreonam. Instead, the vast majority were managed with second-line regimens, including carbapenem monotherapy (31.9%) and carbapenem plus colistin (50%). Polymyxin B, preferred over colistin because of its more favourable renal toxicity profile, was not available for any of the cases in this cohort.17 Alarmingly, 8.5% (n = 8/94) of episodes received no antimicrobial regimen active against CRE pathogens. These findings underscore the urgent need for strengthened sepsis surveillance systems, timely molecular diagnostics and improved access to appropriate empiric and targeted antimicrobial therapies in low-resource settings.

There was a noticeable upward trend in infections starting from 2019 to 2020 onwards in our study. The lower infection rates observed prior to 2021 may be attributed to the enhanced IPC measures implemented during the coronavirus disease 2019 (COVID-19) pandemic, including increased use of personal protective equipment, hand hygiene and patient isolation protocols.

Strengths and limitations

One of the key strengths of this study is its longitudinal design, which spans a 5-year period from 2019 to 2023, allowing for the observation of trends in CRE infections over time. Given the under-representation of the Free State in national studies, these findings are particularly important as they provide critical contextual insights that could inform local healthcare strategies and guide clinicians in managing these infections more effectively. Furthermore, the study employed a comprehensive methodology, ensuring that a wide range of clinical and demographic data were thoroughly documented and analysed, strengthening the overall reliability and validity of the study’s findings.

While this study provides valuable insights, there are limitations to consider. The study’s retrospective design could lead to gaps or inaccuracies in the information that may affect the overall analysis. The local laboratory employs selective reporting as part of its antimicrobial stewardship strategy; consequently, specific MIC data were not available in our study. As a result, susceptibility to certain antimicrobial agents may be under-reported in this cohort. While this research contributes to regional data, its single-centre design, small sample size and specific tertiary patient population may limit generalisability to other settings. Finally, the lack of follow-up after discharge could also impact the ability to assess long-term outcomes of CRE infections.

Conclusion

This study reveals an alarmingly high in-hospital mortality rate among patients with CRE bacteraemia in our setting, exceeding both national and international averages. Immunosuppressive therapy disproportionately affected individuals, highlighting vulnerable subgroups in urgent need of targeted interventions. These data highlight the need for improved IPC efforts, rapid diagnostics and laboratory support, as well as advocacy for access to more effective antibiotic regimens in our setting. The frequent exposure to prior antibiotics observed in our study further underscores the critical need for robust antimicrobial stewardship to curb the development and spread of resistance. This study contributes valuable insight into a largely understudied population, and these findings can inform local clinical practice, guide public health policy, support advocacy efforts and serve as a foundation for future multicentre studies.
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Appendix 1

Definition of measurable variables as per original protocol

Underlying Malignancy: All patients who had a documented malignancy upon current admission or were undergoing treatment for a malignancy were defined as having an underlying malignancy. Patients who had completed treatment and were documented to be in remission were not considered to have an underlying malignancy.

Haematological Malignancy: Defined as any patient admitted to the Haematology unit at Universitas Hospital or treated by the Department of Haematology for a primary neoplastic condition of lymphoid or haematopoietic tissues.

Human Immunodeficiency Virus (HIV) Status: HIV positivity was defined as any patient who was documented to be HIV positive as per clinical notes or had a positive HIV test documented on NHLS Labtrak.

HIV negativity was defined as any patient who was documented to be HIV negative based on clinical notes, or in whom an HIV test documented on NHLS Labtrak done in the preceding 12 months was negative.

HIV Status Unknown was defined as any patient with no documentation of HIV status/test results or testing performed more than 12 months prior to study inclusion.

Hypertension: Defined as any patient documented as a known hypertensive patient or any patient who was on anti-hypertensive medications based on their pharmacy records.

Diabetes Mellitus: A diagnosis of diabetes was recorded for any patient documented in the clinical notes as a known diabetic patient and patients with pharmacy records indicating the use of oral hypoglycemic agents or insulin.

Acute Renal Impairment: Acute renal impairment was defined as any patient who had documented acute renal impairment based on clinical notes. Laboratory data that indicated an increase in serum creatinine of more or equal to 1.5 times the baseline, or an increase of more than 26.5 µmol/L during the admission in which the CRE bacteremia occurred, was also documented to have acute renal impairment.

Chronic Renal Impairment: Chronic renal impairment was defined as any patient documented to have chronic renal impairment based on clinical notes. Patients who had an estimated glomerular filtration rate of less than 60 mL/min/1.73m2 for at least two readings three months apart were included in this group.

Cardiovascular Disease: Any patient with a documented stroke, peripheral vascular disease, or myocardial infarction as well as any patient documented to have arrhythmia, heart failure, or valvular heart disease was defined as having cardiovascular disease.

Recent Exposure to Immunosuppressive Therapy: Documented exposure to immunosuppressive therapy in the preceding three months prior to documentation with CRE bacteremia. Immunosuppressive therapy was defined as clinical notes or pharmacy records indicating exposure to the following agents: cyclophosphamide, azathioprine, cyclosporine, tacrolimus, mycophenolate mofetil, and rituximab.

Antibiotic Use Within the Last Six Months: This included any patient documented to have self-reported antibiotic use in the clinical notes or in whom antibiotic use was confirmed by hospital pharmacy records within the six months preceding admission.
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TABLE 1: Demographic features and clinical characteristics of cases with
carbapenem-resistant Enterobacterales bacteraemia treated in adult wards at

Universitas Academic Hospital over a 5-year period (N = 88).
Variable n %
Age (years)

13-29 25 28.4
30-49 24 &3
50-59 21 239
> 60 18 20.4
Sex

Male 35 39.8
Female 53 60.2
Underlying malignancy

Haematological 37 42.0
Solid tumours 10 11.4
None reported a1 46.6
HIV status

Positive 17 19.3
Negative 42 477
Unknown 29 33.0
Underlying comorbidities

Acute kidney injury 54 61.4
Hypertension 30 341
Cardiovascular disease 17 193
Chronic kidney disease 14 15.9
Diabetes 12 13.6
Other 18 20.5
None documented 18 205
Exposure to immunosuppressive therapy

Yes 50 56.8
No 38 43.2
Documented exposure to antibiotics in the past 6 months

Yes 80 90.9
No 8 ELil
Surgical procedure during current admission

Yes 36 40.9
No 52 59.1
Documented hospitalisation in the last 90 days

Yes 66 75.0

No 22 25.0
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TABLE 2: Clinical characteristics associated with in-hospital mortality as an
outcome (N = 88).

Clinical ischarged alive  Demised in In-hospital  p-value
characteristics (n =38) hospital (1 = 50) mortality

n % n % OR 95% CI
Sex
Male 16 457 19 543 119 050- 0.6968
Female 2 45 31 585 e
Underlying malignancy
Yes 18 383 29 617 153 066~ 03230
No 20 488 21 512 ==
HIV status
Positive 8 471 9 529 113 036~ 08379
Negative 21 500 21 50.0 e
Comorbidities
Yes 28 400 42 60.0 1.8  0.66- 02386
No 10 556 8 44.4 o=
Immunosuppressant exposure
Yes 16 320 34 680 292 122~ 00165
No 22 57.9 16 421 L
Prior antibiotic exposure
Yes 33 412 47 588 237 053 02583
No 5 62.5 3 375 10.63
Undergone a surgical procedure
Yes 16 444 20 556 092 039~ 08423
No 2 43 30 577 T
Prior hospitalisation
Yes 30 462 35 538 062 023 03461
No 8 34.8 15 65.2 467
ICU admission
Yes 8 320 17 680 193 073 01856
No 30 476 33 52.4 e

OR, odds ratio; Cl. confidence interval: ICU, intensive care unit.
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FIGURE 1: Percentage of cases with carbapenem-resistant Enterobacterales
bacteraemia according to ward of admission (N = 88).
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FIGURE 2: Number of blood cultures per year positive for carbapenem-resistant
Enterobacterales in adult wards (N = 94).
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FIGURE 4: Susceptibility (%) of non-B-lactam antibiotics (N = 94).
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TABLE 3: Carbapenemase genotypic results (N = 74).

Type of carbapenemase n %
OXA-48 58 784
NDM 5 6.7
OXA-48 and NDM 2 27
OXA-48, NDM, VIM and KPC 1 14
NONE 8 108

KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi metallo--lactamase; OXA-48,
oxacillinase-48; GES, Guiana extended-spectrum B-lactamase; VIM, Verona integron-
encoded metallo-B-lactamase.





