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Background

Antimicrobial resistance (AMR) can lead to fatal consequences. AMR genes carriage by phenotypically susceptible bacteria, such as Extended-Spectrum β-Lactamases (ESBL)s in Enterobacteriaceae, have potential implications for AMR spread and therapeutic outcomes. This phenomenon should be investigated.





Methods

Positive blood cultures from hospitalized patients in a Malaysian tertiary center between April 2022 and March 2023 were reviewed. A total of 137 clinical isolates of Escherichia coli (E.coli), Klebsiella pneumoniae (K.pneumoniae), and Klebsiella oxytoca were included. The antibiotic susceptibility and ESBL phenotypes were determined by disk diffusion method and the identification of genotypes by multiplex polymerase chain reaction. The clinical characteristics and outcome information were extracted by reviewing patients’ medical records to evaluate the clinical significance of the ESBL genotype-positive but phenotype-negative isolates in bacteremia.





Results

All 137 isolates were positive for at least one genotype (blaCTX-M, n = 71, 51.8%; blaSHV, n = 87, 63.5%; blaTEM, n = 95, 69.3%; blaOXA-1, n = 38, 27.7%). While blaCTX-M was proportionately higher in the ESBL phenotype-positive isolates than ESBL phenotype-negative isolates (33/37, 89.2% vs 38/100, 38%; p < 0.001), more than half of those harboring blaCTX-M remained susceptible to third-generation cephalosporins (3GC). The sensitivity (Sen) of blaCTX-M for ESBL phenotypes prediction was 89.19% (95% confidence interval [CI], 74.58 - 96.97%); however, specificity (Sp) was low (46.47%; 95% CI 39.75 - 53.32). The patient characteristics were similar among 98 ESBL phenotype-negative cases, except that the non-blaCTX-M carrier group had significantly more renal impairment (0/37 vs 7/61, p = 0.043) and gastrointestinal sources of bacteremia (9/37 vs 27/61, p = 0.047). No differences were observed in infection severity, in-hospital mortality, and length of stay (LOS) between the blaCTX-M and non-blaCTX-M carrier groups.





Conclusion

The current study provides insight into the gene carriage in E.coli and Klebsiella species clinical isolates, including blaCTX-M genotypes in antibiotic-susceptible strains from a Malaysian hospital. The ESBL encoding genotypes such as blaCTX-M presented substantially beyond one-third of the ESBL phenotype-negative or 3GC susceptible E.coli and K.pneumoniae isolated from bloodstream infection. Although clinical outcomes were not worsened with blaCTX-M genotype-positive but ESBL phenotype-negative isolates in bacteremia, the potential implications for AMR spread deserve further investigation.
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1 Introduction

Antimicrobial resistance (AMR) is part of the natural process for the evolution and survival of microorganisms. However, the AMR development and distribution rate is accelerated via the selection pressure exerted by antimicrobials (Davies and Davies, 2010). AMR can lead to fatal consequences. The first global report predicted that the number of deaths attributed to AMR could strike 10 million, inclusive of the 4 million in Asian countries, by the year 2050 (World Health Organization, 2016). Concurring with the WHO priority pathogen list (World Health Organization, 2017), the global assessment by Murray et al. (2022) identified Escherichia coli (E.coli), Klebsiella pneumoniae (K.pneumoniae), in addition to third-generation cephalosporins (3GC) resistance and bacteremia, as the primary causative agents of AMR-related mortality. Furthermore, increasing K. pneumoniae 3GC resistance in bacteremia reported in the recent Global Antimicrobial Resistance and Use Surveillance System (GLASS) report urges immediate attention, together with E.coli as the standard indicator organism for AMR monitoring (World Health Organization, 2022). Ascending resistance rates pose a pressing concern about treatment adequacy and highlight the need for diagnostic technology advancement in AMR pathogen identification and tracking.

Extended-spectrum β-lactamases (ESBL)s are the most common resistance mechanism among Enterobacteriaceae (Noster et al., 2021). blaCTX-M genes are the most prevalent genes encoding ESBL in Enterobacteriaceae, followed by blaTEM and blaSHV (Tamma et al., 2022). blaCTX-M-encoding enzymes could inherently hydrolyze extended-spectrum cephalosporins (such as ceftriaxone, cefotaxime and ceftazidime) and also β-lactam/β-lactam inhibitors (such as piperacillin/tazobactam) upon mutation (De Angelis et al., 2020a). Genotypic testing of β-lactamases genes in clinical isolates was proposed to picture the ESBL prevalence better and unravel the potential silent spread (Tamma and Humphries, 2021). However, most of the prevalence studies of ESBL genes were assessed in ESBL phenotype-positive or 3GC-resistant strains (Ling et al., 2021; Tamma et al., 2021). Limited studies investigated the carriage of ESBL genes in non-ESBL phenotype isolates (Tamma and Humphries, 2021; Deekshit and Srikumar, 2022). The presence of unexpressed genes in antibiotic susceptible bacteria is not uncommon (Yee et al., 2021), but little is known about the association with the implication to clinical settings and public health (Deekshit and Srikumar, 2022). Interestingly, only sporadic studies from Asian countries (Zhang et al., 2018; Son et al., 2021) revealed the presence of ESBL genes, such as blaCTX-M, among non-ESBL phenotype isolates. The study in Vietnam by Son et al. (2021) detected blaCTX-M in nearly half of ESBL phenotypes-negative isolates and observed higher mortality and prolonged hospitalization than those without blaCTX-M. This resulted in apprehension regarding the magnitude of unanticipated resistance and the possible correlation with adverse clinical outcomes (Lee et al., 2015; Son et al., 2021).

Malaysia is one of the developing countries with a worrying incidence of AMR since the early 90s. A recent systematic review found Malaysia has the second highest ESBL-producing K.pneumoniae prevalence (76%) among Southeast Asia countries (Salawudeen et al., 2023). Following the establishment of the national antibiotic resistance surveillance program, the prevalence of ESBL-producing Enterobacteriaceae in the country is rising (Iskandar et al., 2021). The latest national surveillance reported that the resistance rate against cefotaxime among blood isolates of E.coli was 27.5%, while that of K.pneumoniae was 34.8% (IMR, 2023). Furthermore, local studies revealed that the mortality rate associated with ESBL phenotype-negative K. pneumoniae in bacteremia was 12.3% (Ang et al., 2022) and soared to 30.2% among ESBL phenotype-positive isolates (Hazwan et al., 2022). Earlier studies in Malaysia showed that blaTEM and blaCTX-M predominated in clinical isolates of ESBL-producing E.coli from various body sites (Sekawi et al., 2008; Lim et al., 2009a; Othman et al., 2016), whereas ESBL-producing K.pneumoniae frequently carried blaSHV (Lim et al., 2009b). Of blaCTX-M genes, blaCTX-M-1 and blaCTX-M-9 were the dominant genotypes in Malaysian studies (Othman et al., 2016; Ngoi et al., 2021). However, most genotyping studies (including those in Malaysia) involve ESBL phenotype-positive isolates (Dwiyanto et al., 2020; Ngoi et al., 2021; Yap et al., 2023). To better understand the attributes of β-lactamases to rising AMR and clinical implication, genotypic analysis should be extended to include susceptible or ESBL phenotype-negative isolates (Stasiak et al., 2021; Deekshit and Srikumar, 2022).

In this study, we investigated the presence of genotypes among E. coli and Klebsiella species (K.pneumoniae and Klebsiella oxytoca [K.oxytoca]) clinical isolates in bacteremia. We further examined the correlation of blaCTX-M with ESBL phenotypes and the clinical significance among the ESBL genotype-positive but phenotype-negative isolates.




2 Materials and methods



2.1 Study setting and population

This cross-sectional study was conducted at the Hospital Canselor Tuanku Muhriz, National University of Malaysia (HCTM, UKM), a 1054-bed tertiary care hospital. Microbiological investigations were carried out by the in-house HCTM UKM’s diagnostic laboratory services. Blood cultures from hospitalized patients were sent as part of routine clinical care and incubated in a BD BACTEC TM Fx system (BD, Franklin Lakes, NJ). Organisms were identified by an automated VITEK® 2 system (bioMérieux, Marcy-l’Etoile, France) or matrix-assisted laser desorption ionization-time of flight mass spectrometry analysis (MALDI-TOF MS) (Bruker Daltonics, Bremen, Germany). For bacteria identification using MALDI-TOF MS, direct colony extraction technique was used by smearing the fresh colony material as a thin film onto a spot on a MALDI 96 target plate (Bruker Daltonik) and overlaying with one μL of a saturated a-cyano-4-hydroxy-cinnamic acid (HCCA) matrix solution in 50% acetonitrile-2.5% trifluoroacetic acid (Bruker Daltonik) and allowing to dry at room temperature before MS analysis. Alternatively, extended direct transfer was used by overlaying the smeared spot with one μL 70% formic acid and allowing it to dry at room temperature before overlaying with the HCCA matrix. Mass Spectrum analyses were referred to the database provided in MALDI BIOTYPER (Bruker Daltonics, Bremen, Germany), software version compass 4.1.100 containing library version 12 and library number 11897. The definite species identification of bacteria was based on the score value of >/= 1.7.

The positive blood cultures from patients aged > 18 years old between April 2022 and March 2023 were screened for positive mono-bacterial cultures of E.coli, K.pneumoniae, and K.oxytoca. The corresponding blood agars with colonies were collected from in-house HCTM UKM’s diagnostic laboratory. Patient unique identifiers were removed, and each sample was given a new code. Only the first bacteremia episode was included if the patient had repeated blood culture(s) growing the same targeted organisms during the same admission. The culture was excluded if it was sent from the hospital forensic unit, likely a contaminant or a polymicrobial culture with concurrent growth of other gram-negative organisms and other exclusion criteria, as detailed in Figure 1. Isolate(s) from the same patient was included if it occurred at a separate admission. The study was approved by the Research Ethics Committee, National University of Malaysia (JEP-2022-187) before the commencement of the study. Informed consent was waived as the study only collected the remnants of the sample sent to and stored in the in-house hospital laboratory as part of routine clinical care. The genotyping analysis only focused on bacteria that were isolated as part of routine hospital laboratory procedures. All patient data were anonymized before the analysis. All the bacteria collected were stocked in 40% glycerol at -80°C.




Figure 1 | Enrollment of blood isolates and patients into the study. (ESBL, extended-spectrum β-lactamase; PCR, polymerase chain reaction).






2.2 Antibiotic susceptibility, ESBL phenotype-positive screening (ES) and ESBL phenotype-positive confirmatory test (EC)

Conventional antibiotic susceptibility testing (cAST) was performed using the Kirby–Bauer disk diffusion method. The cAST results were interpreted according to the latest Clinical and Laboratory Standard Institute standards (CLSI) guidelines (Clinical and Laboratory Standards Institute, 2022) and reported in the online microbiological laboratory system. ES was performed using disk diffusion with ceftazidime 30µg (CAZ) and cefotaxime 30µg (CTX) according to CLSI guidelines (Clinical and Laboratory Standards Institute, 2022). Only isolates meeting ES criteria with the diameter of the zone of inhibition ≤ 22mm for CAZ and/or ≤ 27 mm for CTX were subjected to EC test. EC test was done with combination disk diffusion tests, which were performed using CTX, cefotaxime/clavulanic acid (CTX/CLA) (30/10 µg), CAZ, and ceftazidime/clavulanic acid (CAZ/CLA) (30/10 µg). The isolate was reported as an ESBL phenotype-positive when the inhibition zone increases ≥ 5 mm for either combination disk with clavulanate compared to the respective individual disk. The isolates not fulfilling the ES and EC criteria were classified as ESBL phenotype-negative.




2.3 β-lactamase genes detection

The β-lactamase genes were identified using multiplex polymerase chain reaction (PCR), performed at UKM Medical Molecular Biology Institute (UMBI) by trained personnel blinded to the organisms’ identity and antibiotic susceptibility profile. Colonies were sub-cultured in 4mL of Muller Hinton Broth (Becton, Dickinson and Company, USA) and incubated overnight at 37°C. Five hundred µLs were then taken from the culture and centrifuged at 12,000g for 5 minutes, and the pellets were re-suspended in 500 µLs of double-distilled water. The solution was then subjected to DNA extraction using a DNeasy Blood & Tissue Kit (Qiagen Inc, USA) according to the manufacturer’s instructions.

The samples were subjected to multiplex PCR using primer sequences and PCR cycling conditions adopted from Ogutu et al. (2015), specific for blaSHV, blaTEM, blaCTX-M-1, blaCTX-M-9, and blaOXA-1 group genes as listed in Table 1.


Table 1 | The group-specific primers used in the study, adopted from Ogutu et al. (2015).



The PCR mixtures were subjected to thermal cycling in a T100 Thermal Cycler (Bio-Rad, U.S.A.) with an initial activation step for 10 mins at 94°C, followed by 30 cycles of denaturation for 30s at 94°C, annealing for 35 s at 61°C and extension for 60s at 72°C, and final extension for 9 mins at 72°C. PCR products were subjected to electrophoresis in 1.5% agarose gel at 80V for 85 mins, and bands were visualized with a ChemiDoc XRS+ (Bio-Rad, U.S.A.).




2.4 Predictive value of blaCTX-M

The performance of blaCTX-M in predicting antibiotics non-susceptibility (either intermediate or resistant) or ESBL phenotype-positive isolate was determined by comparing the presence of blaCTX-M (either blaCTX-M-1 or blaCTX-M-9) to the phenotypic testing results by cAST. The concordance and discordance (Supplementary Table 1) were determined to estimate the Sensitivity (Sen), specificity(Sp), positive (PPV), and negative predictive value (NPV) at a 95% confidence interval, using a diagnostic test evaluation calculator by MedCalc (MedCalc Software Ltd).




2.5 Clinical characteristics and outcomes of bacteremia

Patient medical records and the hospital’s online information system were reviewed to extract information on patients’ demographics, comorbidities, systemic organ failure assessment (SOFA) scores, Pitt’s bacteremia score, source of bacteremia, and antibiotics administered. Patients with incomplete admission information were excluded from the analysis. Infections were considered community-acquired if the onset occurred within 48 hours of hospitalization, beyond which they were considered hospital-acquired (Kang et al., 2012). If the infection site was not documented, it was determined according to the definition by the Centers for Disease Control and Prevention/National Healthcare Safety Network (CDC/NHSN, 2022). Immunocompromised status was considered if the patient had a solid organ transplant, hematopoietic stem cell transplant in the past six months prior to the index culture, primary immunodeficiency, human immunodeficiency virus with CD4 count < 200mm3, received immunosuppressive therapy or chemotherapy in the past 30 days, neutropenic with an absolute neutrophil count less than 500 cells/mL (CDC, 2003).

Empirical antibiotics referred to the antibiotics administered on blood culture day and before Gram stain results were reported (Carrara et al., 2018). Length of hospital stays and in-hospital mortality within 30 days were calculated from the index culture collection day. Patients with concurrent blood cultures growing other organisms or patients who leave the hospital at their own will were excluded from this analysis.




2.6 Statistical analysis

All analyses were done using Statistical Package for the Social Sciences (SPSS), version 29.0 (IBM Corp, Armonk, NY, USA). Descriptive data were described in frequency and percentage. Categorical data were analyzed using the Pearson Chi-Squared or Fisher’s Exact tests where appropriate. The normality of continuous data was tested using the Shapiro-Wilk test. Non-normally distributed variables were presented as median and interquartile range (IQR). The median of continuous variables was compared using the Mann–Whitney test. A p-value of < 0.05 was used as the level of significance.





3 Results

A total of 1137 blood cultures from 756 patients were screened during the study period. Only 137 mono-bacterial cultures were eligible for inclusion, consisting of 68 cultures of E.coli, 68 cultures of K. pneumoniae, and one culture of K. oxytoca (Figure 1). Nearly one-third (37/137, 27.0%) was ESBL phenotype-positive while two-thirds (100/137, 73.0%) were ESBL phenotype-negative, of which 94 were ES negative and six were EC negative.



3.1 Distribution of genotypes and association with ESBL phenotypes

All 137 isolates harbored at least one genotype, including ESBL phenotype-negative isolates. Only 23% (32/137) of isolates carried a single genotype (Table 2). The majority of ESBL phenotype-positive isolates harbored at least two genotypes compared to the ESBL phenotype-negative isolates (p = 0.03) (Figure 2). We observed that blaCTX-M genes were significantly more prevalent in the ESBL phenotype-positive than the ESBL phenotype-negative isolates (P <0.001), which had more blaTEM (Table 3).


Table 2 | Distribution of genotypes among ESBL phenotypes.






Figure 2 | The correlation between the number of genotypes and ESBL phenotypes.




Table 3 | Association of genotypes and ESBL phenotypes in tested isolates.






3.2 Antibiotic susceptibilities of isolates harboring blaCTX-M

At least half of the isolates harboring blaCTX-M retained susceptibility to β-lactam antibiotics, including nine E.coli isolates (12.7%) that were ampicillin susceptible (Table 4). Nearly half were resistant to 3GC and cefepime, and were confirmed to be ESBL phenotype-positive. In addition, less than one-third were resistant to penicillin/β-lactamase inhibitors (PCNBLI). Besides, piperacillin/tazobactam susceptibility remained in nearly three-quarters of isolates despite being ESBL phenotype-positive and blaCTX-M positive.


Table 4 | The antibiogram of the tested isolates harboring blaCTX-M.






3.3 Predictive values of blaCTX-M

Referring to the antibiogram (Table 4), 38 of 100 ESBL phenotype-negative isolates were blaCTX-M positive, resulting in a Sp of only 62% and Sen of 89%. Likewise, the Sp of blaCTX-M to predict the 3GC and cefepime resistance ranged from 59.34% to 60.58%, though the Sen was from 71.79% to 90.91% (Table 5).


Table 5 | Predictive value of blaCTX-M for ESBL phenotype-positive isolates and cephalosporins resistance.






3.4 Clinical characteristics of bacteremia associated with ESBL phenotype-negative isolates

Ninety-eight patients with ESBL phenotype-negative bacteremia were eligible for clinical analysis (Figure 1). We observed an equal distribution of elderly and younger patients (49/98, 50%); slightly less than half were male (Table 6). Malay ethnicity was the majority, followed by Chinese and Indian. More patients in the blaCTX-M group received antibiotics in the past 90 days prior to bacteremia episodes. Patients had a median of four comorbidities and were comparable between groups. However, the non-blaCTX-M group had a remarkably higher fraction of diabetics with end-organ damage (with retinopathy, neuropathy or nephropathy) (10.8% vs 29.5%, p = 0.032) and renal failure (0% vs 11.5%, p = 0.043). More than half of the population were medical patients, and one-third were surgical patients. On the day of infection onset, less than one-tenth were admitted to intensive care or high-dependency units. Nevertheless, no distinct dissimilarity between groups was observed for hospital- and community-acquired bacteremia frequencies. The infection foci were also comparable, except for a significantly higher fraction of the gastrointestinal site in the non-blaCTX-M group (44.3% vs 24.3%, p = 0.047).


Table 6 | Patient characteristics of bacteremia by ESBL phenotype-negative isolates.






3.5 Bacteremia severity, clinical outcomes, and association with empirical antibiotics

Most patients were prescribed empirical PCNBLI or 3GC, and only one was given empirical meropenem in each group (Table 7). Overall, there was no remarkable between-group difference observed in the bacteremia severity at onset, apart from fever recorded as part of Pitt’s bacteremia scores, with body temperature trending towards higher median readings in the blaCTX-M group (38.2°C vs 38.6°C, p = 0.054) (Table 8). One-third of the patients in each group had septic shock. Both groups were also similar in the mortality rate (16%), with hospital stays at a median of ten days. More patients in the non-blaCTX-M group received carbapenems within seven days since blood culture day, but three of them died during admission. Nonetheless, further analysis of each empirical antibiotics class found that neither the listed genotypes nor the carriage of two genotypes or more differed significantly in mortality rate (Table 9).


Table 7 | Antibiotics initiated in bacteremia by ESBL phenotype-negative isolates.




Table 8 | Severity & clinical outcome of bacteremia by ESBL phenotype-negative isolates.




Table 9 | Genotype and 30-day in-hospital mortality according to empirical antibiotics group initiated in bacteremia by ESBL phenotype-negative isolates.







4 Discussion

The diagnostic approach for identifying the ESBL-producing organism has been a subject of contention (Mathers and Lewis, 2021; Villegas et al., 2021), for which Tamma and Humphries (2021) advocate for the inclusion of molecular detection for ESBL genes in susceptibility tests. Nevertheless, apprehending the resistance epidemiology from the published studies, particularly in gram-negative bacteria, can be an endeavor. There is great diversity in the assessment approaches regarding inclusion criteria, sample origin, diagnostic methods, and the ESBL producer(s) definition (Ling et al., 2021; Tamma et al., 2021). Furthermore, most of the prevalence studies of ESBL genotypes were assessed in ESBL phenotypes-positive or 3GC-resistant strains isolated from various body sites not limited to blood.

Several studies from the United States (US) (Mushtaq et al., 2022), Europe, Asia (Wu et al., 2011; Vlieghe et al., 2015; Heng et al., 2018; Ling et al., 2021; Son et al., 2021; Salawudeen et al., 2023) and other regions (Ramadan et al., 2019; Legese et al., 2022; Lubwama et al., 2024) unanimously reported blaCTX-M as the predominating ESBL genotype with detection rate as high as 90% of the isolates. Our findings were consistent with a significantly higher proportion of blaCTX-M (89.2%) in the ESBL-positive phenotypes than in the negative phenotype. Besides, we noted that the ESBL phenotype-positive isolates frequently harbored at least two or more genotypes, as observed in previous studies (Heng et al., 2018; Ramadan et al., 2019; Ngoi et al., 2021). blaCTX-M is commonly used as an ESBL marker (De Angelis et al., 2020b). Hence, we concentrated on evaluating the correlation and predictability of blaCTX-M to ESBL phenotypes and the clinical significance in bacteremia by isolates that were blaCTX-M -positive but ESBL phenotype-negative.

Limited studies include susceptible strains in the ESBL genotype investigation. At the start of the millennium, Lim et al. investigated ESBL genotypes among all clinical isolates of Enterobacteriaceae from various body sites. Across the phenotypes, blaSHV, blaTEM, blaCTX-M, and blaOXA were detected, with the most prevalent genotypes as blaTEM (35/47, 74.5%) in E.coli (Lim et al., 2009a) and blaSHV (46/51, 90.2%) in K.pneumoniae (Lim et al., 2009b), whereas blaCTX-M was detected in only 17% (8/47) of E.coli and 37.3% (19/51) of K.pneumoniae. While blaSHV and blaTEM distribution in our study were consistent with Lim et al., we detected almost twice the portion of blaCTX-M in the tested isolates of E. coli and K. pneumoniae. This aligns with the increasing spread of blaCTX-M over the years following the global phenomenon (Bevan et al., 2017). Nevertheless, the distribution could vary according to the origin of the isolates, as noted in the global investigation by Yu et al. (2024), which identified blaCTX-M in 61.4% (51/83) of E.coli isolated from blood, higher than those from urine (42.9%, 69/161) and feces (17%, 45/264). Son et al. (2021) also found as high as 70% blaCTX-M in 115 isolates from blood in Vietnam. In contrast, a large-scale epidemiological study in the US found the prevalence of blaCTX-M within the collective population of E.coli and K.pneumoniae as 15.8% (433/2746), ranging from 5% to 26% by state (Tamma et al., 2021). A subsequent study by Mushtaq et al. (2022) in US noted a similar prevalence of blaCTX-M, correlating well with the resistance profiles of over 200 blaCTX-M positive organisms, but the three discordant ceftriaxone susceptible organisms raised concern about the potential implications.

To the best of our knowledge, the assessment of genotypes among susceptible or ESBL phenotype-negative clinical isolates in the human sector were mainly commenced in Asia countries. Zhang et al. (2018) in China found the presence of ESBL genes among cefotaxime or ceftazidime susceptible strains of K.pneumoniae and detected blaSHV and blaCTX-M in 3.0% (6/202) and 5.9% (12/202) of the strains, respectively. The study by Ogutu et al. (2015), from whom we adopted the multiplex PCR method, identified blaCTX-M-1 and/or blaCTX-M-9 in 40.4% of their studied strains that were mostly 3GC resistant. In contrast, Son et al. (2021) in Vietnam reported a higher degree of discordant results, with one-third of the blaCTX-M harboring E.coli isolates being phenotypically ESBL-negative (22/80, 27.5%). In conjunction with this, our study recorded an even higher discrepancy between ESBL genotypes and phenotypes, as nearly half of the blaCTX-M harboring strains were 3GC susceptible or ESBL phenotype-negative (Table 4). The discrepancies in our study also render the detection of blaCTX-M by PCR low Sp and PPV values for predicting ESBL phenotype-positive and 3GC resistance compared to the results from China (Ogutu et al., 2015) and Vietnam (Son et al., 2021). We suspect the difference in the ESBL genotype-phenotype concordance implies variations in ESBL phenotypic expression across geographical locations.

Carriage of ESBL genes by susceptible strains raises concerns about the possible clinical implications attributed to the presence of blaCTX-M (Tamma and Humphries, 2021; Mushtaq et al., 2022). Therefore, we further explored patient-level information and clinical outcomes among ESBL phenotype-negatives harboring blaCTX-M versus those without blaCTX-M but were blaTEM/blaSHV/blaOXA-1 positive. We observe that our patient characteristics largely resemble the population studied in Vietnam (Son et al., 2021), except for a higher prevalence of bacteremia from respiratory sources. In our patients, the lack of association between patient clinical variables and blaCTX-M isolate infection is similar to previous studies on phenotypically resistant isolates (Wu et al., 2011; Heng et al., 2018). Moreover, the observation of significantly more renal-impaired patients in the non-blaCTX-M group conforms with previous findings that renal morbidities were an independent predictor of non-blaCTX-M carriage (Wu et al., 2011; Logan et al., 2021). Regarding the bacteremia source, the intra-abdominal foci were less likely to have ESBL phenotype-negative isolates harboring blaCTX-M. Contrastingly, Wu et al. (2011) did not find an association between infection foci and blaCTX-M positivity among phenotypic-resistant bacteria.

We did not find that bacteremia by ESBL phenotype-negative isolates harboring blaCTX-M genes has worse infection severity than the non-blaCTX-M group, as assessed by SOFA and Pitt scores. On the contrary, the patients in the non-blaCTX-M group in the study by Wu et al. (2011) were more ill. Nevertheless, our findings are consistent with a systematic review (Ling et al., 2021) that genotypically confirmed ESBL producers were not associated with a higher frequency of septic shock. The mortality rate in the current study is within the range reported with Enterobacteriaceae bacteremia (Heng et al., 2018; de Lastours et al., 2020; Abubakar et al., 2022; Handal et al., 2024). The subpopulation analysis by Son et al. (2021) found that blaCTX-M presence in ESBL-negative phenotypes had higher mortality (8% vs 27%, p = 0.07) and twice prolonged hospitalization (27.4 ± 24.5 vs 14.4 ± 7.5, p = 0.014) than those without the genotype. In contrast, we do not find the same detrimental effect of the unexpressed blaCTX-M genes on in-hospital mortality and hospital stay. On a related note, the precedent studies that analyzed 3GC-resistant organisms also found comparable mortality between genotypes (Wu et al., 2011; Heng et al., 2018). Likewise, in the recent multicenter observational study by Hareza et al. (2023) recruiting the ceftriaxone-resistant Enterobacterales, the mortality rate between 370 blaCTX-M and 33 non-blaCTX-M carrying isolates was not significantly different (OR 0.99; 95% CI,.87–1.11). Although two systematic reviews converged on a trend towards worsening outcomes, both could not establish a significant association between phenotypic or genotypic ESBL and mortality rates or hospital stays in bacteremia, owing to the heterogeneity in the studies’ designs (Shamsrizi et al., 2020; Ling et al., 2021). Consequently, the in-hospital death in the current study is likely explained by the comparable host characteristics, morbidities, and mortality predictors (Paterson et al., 2004; Shankar-Hari et al., 2016; Singer et al., 2016).

One of the questions raised in our study was the adequacy of treatment options for bacteremia caused by genotypic positive ESBL phenotype-negative isolates (Mushtaq et al., 2022). A study in Taiwan observed a 100% mortality rate with cefepime therapy in ten cefepime-susceptible ESBL-producing isolates but none in non-ESBL producers (P < 0.001) (Lee et al., 2015). Post hoc analysis of the MERINO trial recommended carbapenem over piperacillin/tazobactam for the gram-negative bacteremia co-harboring blaOXA (Henderson et al., 2021). On the other hand, the exploratory analysis by Hareza et al. (2023) among non-blaCTX-M carrying ceftriaxone-resistant Enterobacterales reported a better survival rate among patients receiving meropenem than those receiving piperacillin/tazobactam (18/21, 86% versus 0/5). These studies suggested the potential deleterious effect the genotype detected on antibiotics efficacy. Therefore, we probed into the empirical antibiotics as the appropriateness of the antibiotics initiated upon blood culture collection was associated with fatality (Vazquez-Guillamet et al., 2014; Bonine et al., 2019). However, within each empirical non-carbapenem antibiotic class prescribed, no significant difference in mortality was observed between genotypes in ESBL phenotype-negative bacteremia, including the comparison with blaCTX-M (Table 9). Analysis of definitive therapy was not done as most were continued non-carbapenem antibiotics. Only nine patients were given carbapenem within seven days past blood culture collection, and three were deceased, albeit all were from the non-blaCTX-M group; the number was too small to make any proposition. Therefore, we could not deduce the need for carbapenem in ESBL phenotype-negative bacteremia despite the detection of blaCTX-M, as suggested by Tamma et al. (2021). The current findings are essential when considering molecular testing in clinical practice and antibiotic prescribing when encountering similar phenotype-genotype discrepancies in our settings.

The detected genes in ESBL phenotype-negative strains reveal the existence of silent genes (Deekshit and Srikumar, 2022). These were often discovered in clinical settings, implying the impending spread of resistance in hospitals. Such phenomenon was also observed in other organisms, such as IMP gene in 25% of carbapenem susceptible K.pneumoniae and blaOXA-23 in 16.13% of imipenem susceptible Acinetobacter baumannii. The genes stayed silent based on the notion of fitness conservation for survival through several mechanisms outlined by Stasiak et al. (2021): mutational conversion into non-functional genes; defect in the gene regulatory system comprised of errors in gene expression regulator, loss of essential gene clusters, deactivation due to integrons structure modification and xenogeneic silencing protein activity; laboratory conditions not representing the environment responsible for the phenotypic presentation. Hence, the presented blaCTX-M positive ESBL phenotype negative might be attributed to the variants of diminished protein activity as a result of compromised fitness due to mutational change, or the genes were not quantitatively sufficient to express phenotypic resistance (Mushtaq et al., 2022). Conversely, the cryptic genes carried on the plasmids or chromosomes can be disseminated through horizontal gene transfer and be activated in other pathogenic bacteria (Zhang et al., 2018; Deekshit and Srikumar, 2022). Furthermore, the silencing is not permanent and could be reversible to activate expression under suitable conditions such as antibiotic pressure (Stasiak et al., 2021). Therefore, the unexpressed genes could represent bacteria’s resistance capability and pose a therapeutic challenge and public health concern (Zhang et al., 2018). It is noteworthy in our study that ESBL phenotype-negative isolates also carried multiple genotypes, albeit to a lesser extent than the ESBL-positive phenotype isolates. From an antimicrobial stewardship perspective, narrow-spectrum antibiotics should be used for susceptible organisms, as most, if not all, organisms harboring the resistant gene(s) could undergo mutation and potentially transfer resistance to other non-clinical targeted bacteria bystanders under antibiotic pressure (Alm and Lahiri, 2020).

The reference phenotypic method used in this study was the disk diffusion of cefotaxime or ceftazidime as the proxy and combined disk diffusion as a confirmatory test, which was the recommended phenotypic method by Clinical and Laboratory Standards Institute (2022) for ESBL production, with high sensitivity and specificity (Willems et al., 2013). Furthermore, the disk diffusion of cefotaxime and ceftazidime was found by Tenover et al. (2020) to be highly agreeable (97.7% and 91.7%, respectively) with the reference broth microdilution testing using MicroScan Walkaway platform. Although the ESBL confirmatory test could be rendered false negative due to co-existing AmpC over-expression, this was not investigated in the current study, and only six isolates were grouped into the ESBL phenotype-negative population due to a negative confirmatory test.

Our study adds to the limited information available on the genotypic distribution in all strains, not only among the resistant but also the susceptible or ESBL phenotype-negative Enterobacteriaceae, which were often unexplored in most studies. Moreover, we provide a better understanding of the genotypic prevalence among the clinical isolates of invasive E.coli and K.pneumoniae causing bacteremia. Furthermore, the current study is one of the few that incorporate patient-level clinical information and antibiotics use to elucidate the clinical value of ESBL genotypic testing and its application in Southeast Asia or resource-constrained developing countries.

There are several limitations in our study. Firstly, only bla groups were detected using PCR. The composition of blaSHV and blaTEM ESBL variants was not determined. Hence, the detected blaSHV, blaTEM, and blaOXA-1 could be those of narrow-spectrum β-lactamases, such as blaTEM-1 in E.coli or blaSHV-1, which K.pneumoniae inherently carries (Paterson and Bonomo, 2005). Additionally, the primers for blaCTX-M group genes could have increased the detection sensitivity. The blaCTX-M-1 and/or blaCTX-M-9 group genes were included as the targets for blaCTX-M in this study as they were the majority detected among the 3GC-resistant strains in the earlier local study in the same hospital by Othman et al. (2016). Complete genome analysis was not performed, though similar insignificant results might be expected, as reported by recent studies that examined genome mutations and virulence factors (Heng et al., 2018; de Lastours et al., 2020). Secondly, we did not have minimum inhibitory concentration (MIC) data to observe for any variation correlating with the detected genotype(s), as MIC testing was unavailable during the present study period. Lastly, the cohorts included were from a single tertiary center. Hence, the current findings might not be generalizable to other settings or regions. Future studies using different phenotypic tests, such as broth microdilution and molecular tests of ESBL variants, are proposed to validate the current findings.




5 Conclusions

The current study provides insight into the carriage of genes in E.coli and Klebsiella species clinical isolates, including blaCTX-M genotypes in antibiotic-susceptible strains from a Malaysian tertiary center, in a one-year duration. The ESBL encoding blaCTX-M genotype presented substantially beyond one-third of the ESBL phenotype-negative or 3GC susceptible E.coli and K.pneumoniae strains isolated from bloodstream infection. This resulted in the detection of blaCTX-M by PCR having suboptimal performance in predicting ESBL phenotypes or antibiotic susceptibilities in our study. Further evaluation of bacteremia by ESBL phenotype-negative isolates did not find that blaCTX-M carriage had clinical significance on patient outcomes compared to non-blaCTX-M. The same was observed with the subgroup analysis of empirical non-carbapenem antibiotics. These findings are essential when considering molecular ESBL testing in clinical practice in our settings. Nevertheless, the potential implications of ESBL genotype-positive but phenotype-negative isolates for the AMR spread deserve further investigation.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by the Research Ethics Committee, National University of Malaysia (JEP-2022-187). The studies were conducted in accordance with the local legislation and institutional requirements. The human samples used in this study were acquired from a by- product of routine care or industry. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

CL: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. H-MN: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. TA: Conceptualization, Data curation, Methodology, Writing – review & editing, Formal Analysis. TT: Conceptualization, Data curation, Methodology, Writing – review & editing, Project administration, Supervision, Validation. PP: Conceptualization, Data curation, Methodology, Project administration, Supervision, Writing – review & editing, Validation, Formal Analysis, Investigation, Writing – original draft. RR: Conceptualization, Data curation, Investigation, Methodology, Project administration, Supervision, Validation, Writing – review & editing, Resources. IN: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by National University of Malaysia, fundamental grant of medical faculty (FF-2022-187).




Acknowledgments

The study would not have been possible without the contribution and involvement of all staff from the Bacteriology unit, Department of Diagnostic Laboratory Services, HCTM, UKM; Mr. Raja Mohd Fadhil Raja Abdul Rahman and Mr. Mohd Azrul Hisham from UKM Medical Molecular Biology Institute (UMBI), and clerical assistance from Ms. Fatin Farhana.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcimb.2024.1429830/full#supplementary-material

Supplementary Table 1 | Definition of true positive, true negative, false positive, and false negative results for blaCTX-M with reference to ESBL phenotypes and antibiotic susceptibilities.




References

 Abubakar, U., Tangiisuran, B., Elnaem, M. H., Sulaiman, S. A. S., and Khan, F. U. (2022). Mortality and its predictors among hospitalized patients with infections due to extended spectrum beta-lactamase (ESBL) Enterobacteriaceae in Malaysia: a retrospective observational study. Future J. Pharm. Sci. 8, 17. doi: 10.1186/s43094-022-00406-8

 Alm, R. A., and Lahiri, S. D. (2020). Narrow-spectrum antibacterial agents—Benefits and challenges. Antibiotics 9, 418. doi: 10.3390/antibiotics9070418

 Ang, S. H., Petrick, P., Shamsul, A. S., Ramliza, R., Kori, N., and Lau, C. L. (2022). The risk factors for complications and survival outcomes of Klebsiella pneumoniae Bacteraemia in Hospital Canselor Tuanku Muhriz Universiti Kebangsaan Malaysia. Med. J. Malaysia 77, 440–445.

 Bevan, E. R., Jones, A. M., and Hawkey, P. M. (2017). Global epidemiology of CTX-M β-lactamases: temporal and geographical shifts in genotype. J. Antimicrobial Chemotherapy 72, 2145–2155. doi: 10.1093/jac/dkx146

 Bonine, N. G., Berger, A., Altincatal, A., Wang, R., Bhagnani, T., Gillard, P. J., et al. (2019). Impact of delayed appropriate antibiotic therapy on patient outcomes by antibiotic resistance status from serious gram negative bacterial infections. Am. J. Med. Sci. 357, 103–110. doi: 10.1016/j.amjms.2018.11.009

 Carrara, E., Pfeffer, I., Zusman, O., Leibovici, L., and Paul, M. (2018). Determinants of inappropriate empirical antibiotic treatment: systematic review and meta-analysis. Int. J. Antimicrobial Agents 51, 548–553. doi: 10.1016/j.ijantimicag.2017.12.013

 CDC. (2003). Guidelines for Environmental Infection Control in Health-Care Facilities. Available at: https://www.cdc.gov/infectioncontrol/guidelines/environmental/background/terms.html (Accessed April 30, 2024).

 CDC/NHSN. (2022). Bloodstream Infection Event (Central Line-Associated Bloodstream Infection and Non-central Line Associated Bloodstream Infection). Available at: https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf (Accessed March 06, 2022).

 Clinical and Laboratory Standards Institute (2022). Performance Standards for Antimicrobial Susceptibility Testing. CLSI Supplement M100. 32nd ed (Wayne PA: Clinical and Laboratory Standards Institute).

 Davies, J., and Davies, D. (2010). Origins and evolution of antibiotic resistance. Microbiol. Mol. Biol. reviews: MMBR 74, 417–433. doi: 10.1128/MMBR.00016-10

 De Angelis, G., Del Giacomo, P., Posteraro, B., Sanguinetti, M., and Tumbarello, M. (2020a). Molecular mechanisms, epidemiology, and clinical importance of β-lactam resistance in enterobacteriaceae. Int. J. Mol. Sci. 21, 5090. doi: 10.3390/ijms21145090

 De Angelis, G., Grossi, A., Menchinelli, G., Boccia, S., Sanguinetti, M., and Posteraro, B. (2020b). Rapid molecular tests for detection of antimicrobial resistance determinants in Gram-negative organisms from positive blood cultures: a systematic review and meta-analysis. Clin. Microbiol. Infect. 26, 271–280. doi: 10.1016/j.cmi.2019.11.009

 Deekshit, V. K., and Srikumar, S. (2022). [amp]]lsquo;To be, or not to be’—The dilemma of ‘silent’ antimicrobial resistance genes in bacteria. J. Appl. Microbiol. 133, 2902–2914. doi: 10.1111/jam.15738

 de Lastours, V., Laouénan, C., Royer, G., Carbonnelle, E., Lepeule, R., Esposito-Farèse, M., et al. (2020). Mortality in Escherichia coli bloodstream infections: antibiotic resistance still does not make it. J. Antimicrob. Chemother. 75, 2334–2343. doi: 10.1093/jac/dkaa161

 Dwiyanto, J., Ong, K. S., Hor, J. W., Levins, J., Thowfeek, S. A. R., Kok, I., et al. (2020). High rate of multidrug-resistant Enterobacteriaceae carrying ESBL and plasmid-borne AmpC ß-lactamase in a Malaysian community. Int. J. Infect. Dis. 101, 15. doi: 10.1016/j.ijid.2020.09.078

 Handal, N., Whitworth, J., Lyngbakken, M. N., Berdal, J. E., Dalgard, O., and Bakken Jørgensen, S. (2024). Mortality and length of hospital stay after bloodstream infections caused by ESBL-producing compared to non-ESBL-producing E. coli. Infect. Dis. (Lond) 56, 19–31. doi: 10.1080/23744235.2023.2261538

 Hareza, D. A., Cosgrove, S. E., Simner, P. J., Harris, A. D., Bergman, Y., Conzemius, R., et al. (2023). Is carbapenem therapy necessary for the treatment of non-CTX-M extended-spectrum β-lactamase-producing enterobacterales bloodstream infections? Clin. Infect. Dis. 78, 1103–1110. doi: 10.1093/cid/ciad703

 Hazwan, M., Najma, K., Ramliza, R., Rozita, H., Chee, L. L., Petrick,, et al. (2022). Risk factors for severe outcomes in extended-spectrum beta-lactamase (ESBL) bacteremia: A single-center study. Med. Health 17, 56–69. doi: 10.17576/MH.2022.1702.05

 Henderson, A., Paterson, D. L., Chatfield, M. D., Tambyah, P. A., Lye, D. C., De, P. P., et al. (2021). Association between minimum inhibitory concentration, beta-lactamase genes and mortality for patients treated with piperacillin/tazobactam or meropenem from the MERINO study. Clin. Infect. Dis. 73, e3842–e3850. doi: 10.1093/cid/ciaa1479

 Heng, S. T., Chen, S. L., Wong, J. G. X., Lye, D. C., and Ng, T. M. (2018). No association between resistance mutations, empiric antibiotic, and mortality in ceftriaxone-resistant Escherichia coli and Klebsiella pneumoniae bacteremia. Sci. Rep. 8, 12785. doi: 10.1038/s41598-018-31081-6

 IMR. (2023). Institute of Medical Research. National Surveillance of Antimicrobial  Resistance, Malaysia. [(Kuala Lumpur, Malaysia: Ministry of Health (MOH)]. Available at: https://imr.nih.gov.my/MyOHAR/index.php/site/archive_rpt (Accessed October 14, 2024).

 Iskandar, K., Molinier, L., Hallit, S., Sartelli, M., Hardcastle, T. C., Haque, M., et al. (2021). Surveillance of antimicrobial resistance in low- and middle-income countries: a scattered picture. Antimicrobial Resistance Infection Control 10, 63. doi: 10.1186/s13756-021-00931-w

 Kang, C.-I., Chung, D. R., Ko, K. S., Peck, K. R., and Song, J.-H. (2012). Risk factors for infection and treatment outcome of extended-spectrum β-lactamase-producing Escherichia coli and Klebsiella pneumoniae bacteremia in patients with hematologic Malignancy. Ann. Hematol. 91, 115–121. doi: 10.1007/s00277-011-1247-7

 Lee, N.-Y., Lee, C.-C., Li, C.-W., Li, M.-C., Chen, P.-L., Chang, C.-M., et al. (2015). Cefepime therapy for monomicrobial enterobacter cloacae bacteremia: unfavorable outcomes in patients infected by cefepime-susceptible dose-dependent isolates. Antimicrobial Agents chemotherapy 59, 7558–7563. doi: 10.1128/AAC.01477-15

 Legese, M. H., Asrat, D., Aseffa, A., Hasan, B., Mihret, A., and Swedberg, G. (2022). Molecular epidemiology of extended-spectrum beta-lactamase and ampC producing enterobacteriaceae among sepsis patients in Ethiopia: A prospective multicenter study. Antibiotics (Basel) 11, 1–18. doi: 10.3390/antibiotics11020131

 Lim, K.-T., Yasin, R., Yeo, C.-C., Puthucheary, S., and Thong, K.-L. (2009a). Characterization of multidrug resistant ESBL-producing escherichia coli isolates from hospitals in Malaysia. J. Biomedicine Biotechnol. 2009, 1–10. doi: 10.1155/2009/165637

 Lim, K. T., Yeo, C. C., Md Yasin, R., Balan, G., and Thong, K. L. (2009b). Characterization of multidrug-resistant and extended-spectrum β-lactamase-producing Klebsiella pneumoniae strains from Malaysian hospitals. J. Med. Microbiol. 58, 1463–1469. doi: 10.1099/jmm.0.011114-0

 Ling, W., Furuya-Kanamori, L., Ezure, Y., Harris, P. N. A., and Paterson, D. L. (2021). Adverse clinical outcomes associated with infections by Enterobacterales producing ESBL (ESBL-E): a systematic review and meta-analysis. JAC-Antimicrobial Resistance 3, 1–11. doi: 10.1093/jacamr/dlab068

 Logan, L. K., Rispens, J. R., Medernach, R. L., Domitrovic, T. N., Hujer, A. M., Marshall, S. H., et al. (2021). A multicentered study of the clinical and molecular epidemiology of TEM- and SHV-type extended-spectrum beta-lactamase producing enterobacterales infections in children. Pediatr. Infect. Dis. J. 40, 39–43. doi: 10.1097/inf.0000000000002916

 Lubwama, M., Kateete, D. P., Katende, G., Kigozi, E., Orem, J., Phipps, W., et al. (2024). CTX-M, TEM, and SHV Genes in Escherichia coli, Klebsiella pneumoniae, and Enterobacter spp Isolated from Hematologic Cancer Patients with Bacteremia in Uganda. Infect. Drug Resist. 17, 641–653. doi: 10.2147/idr.S442646

 Mathers, A. J., and Lewis, J. S. 2nd (2021). CON: Testing for ESBL production is unnecessary for ceftriaxone-resistant Enterobacterales. JAC Antimicrob. Resist. 3, dlab020. doi: 10.1093/jacamr/dlab020

 MedCalc Software Ltd Diagnostic test evaluation calculator (Version 22.023). Available online at: https://www.medcalc.org/calc/diagnostic_test.php (Accessed March 23 2024).

 Murray, C. J., Ikuta, K. S., Sharara, F., Swetschinski, L., Robles Aguilar, G., Gray, A., et al. (2022). Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis. Lancet 399, 629–655. doi: 10.1016/s0140-6736(21)02724-0

 Mushtaq, A., Chasan, R., Nowak, M. D., Rana, M., Ilyas, S., Paniz-Mondolfi, A. E., et al. (2022). Correlation between identification of β-lactamase resistance genes and antimicrobial susceptibility profiles in gram-negative bacteria: a laboratory data analysis. Microbiol. Spectr. 10, e0148521. doi: 10.1128/spectrum.01485-21

 Ngoi, S. T., Chong, C. W., Ponnampalavanar, S. S. S., Tang, S. N., Idris, N., Abdul Jabar, K., et al. (2021). Genetic mechanisms and correlated risk factors of antimicrobial-resistant ESKAPEE pathogens isolated in a tertiary hospital in Malaysia. Antimicrob. Resist. Infect. Control 10, 70. doi: 10.1186/s13756-021-00936-5

 Noster, J., Thelen, P., and Hamprecht, A. (2021). Detection of multidrug-resistant Enterobacterales—from ESBLs to carbapenemases. Antibiotics 10, 1140. doi: 10.3390/antibiotics10091140

 Ogutu, J. O., Zhang, Q., Huang, Y., Yan, H., Su, L., Gao, B., et al. (2015). Development of a multiplex PCR system and its application in detection of blaSHV, blaTEM, blaCTX-M-1, blaCTX-M-9 and blaOXA-1 group genes in clinical Klebsiella pneumoniae and Escherichia coli strains. J. Antibiot (Tokyo) 68, 725–733. doi: 10.1038/ja.2015.68

 Othman, S. N., Hussin, S., Ramli, R., and Rahman, M. (2016). Detection of CTX-M-type ESBLs Escherichia coli at Universiti Kebangsaan Malaysia Medical Centre. Bangladesh J. Med. Sci. 15, 257–261. doi: 10.3329/bjms.v15i2.27849

 Paterson, D. L., and Bonomo, R. A. (2005). Extended-spectrum β-lactamases: a clinical update. Clin. Microbiol. Rev. 18, 657–686. doi: 10.1128/cmr.18.4.657-686.2005

 Paterson, D. L., Ko, W.-C., Gottberg, A. V., Mohapatra, S., Casellas, J. M., Goossens, H., et al. (2004). International prospective study of klebsiella pneumoniae bacteremia: implications of extended-spectrum β-lactamase production in nosocomial infections. Ann. Internal Med. 140, 26–32. doi: 10.7326/0003-4819-140-1-200401060-00008%m14706969

 Ramadan, A. A., Abdelaziz, N. A., Amin, M. A., and Aziz, R. K. (2019). Novel blaCTX-M variants and genotype-phenotype correlations among clinical isolates of extended spectrum beta lactamase-producing Escherichia coli. Sci. Rep. 9, 4224. doi: 10.1038/s41598-019-39730-0

 Salawudeen, A., Raji, Y. E., Jibo, G. G., Desa, M. N. M., Neoh, H.-M., Masri, S. N., et al. (2023). Epidemiology of multidrug-resistant Klebsiella pneumoniae infection in clinical setting in South-Eastern Asia: a systematic review and meta-analysis. Antimicrobial Resistance Infection Control 12, 142. doi: 10.1186/s13756-023-01346-5

 Sekawi, Z. B., Yusof, R., and Shamsudin, M. N. (2008). Extended-spectrum β-lactamases-producing Escherichia coli from a tertiary hospital in Malaysia: emergence of CTX-M-type β-lactamases variation. Res. J. Microbiol. 3, 489–493. doi: 10.3923/JM.2008.489.493

 Shamsrizi, P., Gladstone, B. P., Carrara, E., Luise, D., Cona, A., Bovo, C., et al. (2020). Variation of effect estimates in the analysis of mortality and length of hospital stay in patients with infections caused by bacteria-producing extended-spectrum beta-lactamases: a systematic review and meta-analysis. BMJ Open 10, e030266. doi: 10.1136/bmjopen-2019-030266

 Shankar-Hari, M., Phillips, G. S., Levy, M. L., Seymour, C. W., Liu, V. X., Deutschman, C. S., et al. (2016). Developing a new definition and assessing new clinical criteria for septic shock: for the third international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA 315, 775–787. doi: 10.1001/jama.2016.0289

 Singer, M., Deutschman, C. S., Seymour, C. W., Shankar-Hari, M., Annane, D., Bauer, M., et al. (2016). The third international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA 315, 801. doi: 10.1001/jama.2016.0287

 Son, T. V., Manh, N. D., Trung, N. T., Quyen, D. T., Meyer, C. G., Phuong, N. T. K., et al. (2021). Molecular detection of bla(CTX-M) gene to predict phenotypic cephalosporin resistance and clinical outcome of Escherichia coli bloodstream infections in Vietnam. Ann. Clin. Microbiol. Antimicrob. 20, 60. doi: 10.1186/s12941-021-00466-3

 Stasiak, M., Maćkiw, E., Kowalska, J., Kucharek, K., and Postupolski, J. (2021). Silent genes: antimicrobial resistance and antibiotic production. Pol. J. Microbiol. 70, 421–429. doi: 10.33073/pjm-2021-040

 Tamma, P., Aitken, S., Bonomo, R., Mathers, A., van Duin, D., and Clancy, C. (2022). Infectious Diseases Society of America 2022 Guidance on the Treatment of Extended-Spectrum β-lactamase Producing Enterobacterales (ESBL-E), Carbapenem-Resistant Enterobacterales (CRE), and Pseudomonas aeruginosa with Difficult-to-Treat Resistance (DTR-P. aeruginosa. Clin. Infect. Dis. 75, 187–212. doi: 10.1093/cid/ciac268

 Tamma, P. D., and Humphries, R. M. (2021). PRO: Testing for ESBL production is necessary for ceftriaxone-non-susceptible Enterobacterales: perfect should not be the enemy of progress. JAC-Antimicrobial Resistance 3, dlab019. doi: 10.1093/jacamr/dlab019

 Tamma, P. D., Smith, T. T., Adebayo, A., Karaba, S. M., Jacobs, E., Wakefield, T., et al. (2021). Prevalence of blaCTX-M Genes in Gram-Negative Bloodstream Isolates across 66 Hospitals in the United States. J. Clin. Microbiol. 59, e00127–e00121. doi: 10.1128/JCM.00127-21

 Tenover, F. C., dela Cruz, C. M., Dewell, S., Le, V. M., and Tickler, I. A. (2020). Does the presence of multiple β-lactamases in Gram-negative bacilli impact the results of antimicrobial susceptibility tests and extended-spectrum β-lactamase and carbapenemase confirmation methods? J. Global Antimicrobial Resistance 23, 87–93. doi: 10.1016/j.jgar.2020.08.011

 Vazquez-Guillamet, C., Scolari, M., Zilberberg, M. D., Shorr, A. F., Micek, S. T., and Kollef, M. (2014). Using the number needed to treat to assess appropriate antimicrobial therapy as a determinant of outcome in severe sepsis and septic shock. Crit. Care Med. 42, 2342–2349. doi: 10.1097/ccm.0000000000000516

 Villegas, M. V., Esparza, G., and Reyes, J. (2021). Should ceftriaxone-resistant Enterobacterales be tested for ESBLs? A PRO/CON debate. JAC-Antimicrobial Resistance 3, dlab035. doi: 10.1093/jacamr/dlab035

 Vlieghe, E. R., Huang, T. D., Phe, T., Bogaerts, P., Berhin, C., De Smet, B., et al. (2015). Prevalence and distribution of beta-lactamase coding genes in third-generation cephalosporin-resistant Enterobacteriaceae from bloodstream infections in Cambodia. Eur. J. Clin. Microbiol. Infect. Dis. 34, 1223–1229. doi: 10.1007/s10096-015-2350-9

 Willems, E., Verhaegen, J., Magerman, K., Nys, S., and Cartuyvels, R. (2013). Towards a phenotypic screening strategy for emerging-lactamases in Gram-negative bacilli. Int. J. Antimicrob. Agents. 41, 99–109. doi: 10.1016/j.ijantimicag.2012.07.006

 World Health Organization (2016). World Health Organization. Global Action Plan on Antimicrobial Resistance. Available online at: https://www.who.int/publications/i/item/9789241509763 (Accessed 14.10.2021).

 World Health Organization (2017). Prioritization of pathogens to guide discovery, research and development of new antibiotics for drug resistant bacterial infections, including tuberculosis. Available online at: https://apps.who.int/iris/handle/10665/311820 (Accessed 29 March 2024).

 World Health Organization (2022). Global Antimicrobial Resistance and Use Surveillance System (GLASS) Report 2022. Available online at: https://worldhealthorg.shinyapps.io/glass-dashboard/_w_48b7cb6e/!/amr (Accessed 1 April 2024).

 Wu, U. I., Wang, J. L., Chen, W. C., Chang, S. C., and Chen, Y. C. (2011). Risk factors and outcomes of Escherichia coli bacteremia caused by strains that produce CTX-M or non-CTX-M extended-spectrum-beta-lactamases. Eur. J. Clin. Microbiol. Infect. Dis. 30, 33–39. doi: 10.1007/s10096-010-1048-2

 Yap, P. S. X., Chong, C. W., Ponnampalavanar, S., Ramli, R., Harun, A., Tengku Jamaluddin, T. Z. M., et al. (2023). A multicentre study to determine the in vitro efficacy of flomoxef against extended-spectrum beta-lactamase producing Escherichia coli in Malaysia. PeerJ 11, e16393. doi: 10.7717/peerj.16393

 Yee, R., Dien Bard, J., and Simner, P. J. (2021). The genotype-to-phenotype dilemma: how should laboratories approach discordant susceptibility results? J. Clin. Microbiol. 59, e00138–e00120. doi: 10.1128/JCM.00138-20

 Yu, K., Huang, Z., Xiao, Y., Bai, X., Gao, H., and Wang, D. (2024). Epidemiology and molecular characterization of CTX-M-type ESBLs producing Escherichia coli isolated from clinical settings. J. Global Antimicrobial Resistance 36, 181–187. doi: 10.1016/j.jgar.2023.11.013

 Zhang, Z., Zhai, Y., Guo, Y., Li, D., Wang, Z., Wang, J., et al. (2018). Characterization of unexpressed extended-spectrum beta-lactamase genes in antibiotic-sensitive klebsiella pneumoniae isolates. Microb. Drug Resist. 24, 799–806. doi: 10.1089/mdr.2017.0018




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Lau, Neoh, Periyasamy, Tg Abu Bakar Sidik, Tan, Ramli and Naina Mohamed. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/table9.jpg
Presence of genotype 30-day in-hospital mortality, n (%)

Empirical Empirical pE Empirical third-generation
piperacillin- aminopenicillin cephalosporins?
tazobactam (s)/inhibitor(s) * (N = 23)
(N = 33) (N = 35)
blacrxom | 2/15 (13.3) 0413 2/11 (182) 0.640* 2/10 (20.0) 0560 *
blagiry \ 7124 (29.2) 0.149* 3/18 (16.7) 1.000* 3/14 (21.4) 0253°
blapy ‘ 6/25 (24.0) 0.652* 3/25 (12.0) 0.610° 1/16 (6.30) 0209*
blaoxa-1 ‘ 0/6 (0) 0301° 2/9 (22.2) 0586 ° 1/7 (143) 0586 *
Two or more genotypes ‘ 6/27 (22.2) 1.000* 2/19 (10.5) 1.000 * 3/18 (13.0) 1.000 *

“Fisher’s exact.

*p < 0.05 indicates statistically significant.

“aminopenicillins/inhibitors: Amoxicillin/clavulanic acid or Ampicillin/sulbactam.
Athird-generation cephalosporins refers to ceftriaxone, cefotaxime or ceftazidime.
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OEBPS/Images/table6.jpg
Male, n (%) 44 (44.9) 16 (43.2) 28 (45.9) 0.798
Age [year], median (IQR) 65.0 (53.75-76.00) 63.0 (55.0-73.5) 66.0 (53.0-79.0) 0.741°
Weight [kg], median (IQR) 70.0 (58.15-80.0) 70.0 (60.0-74.0) 70.0 (56.35-80.0) 0811°
Race, n (%) 0.546 ©
Malay 51 (52.0) 20 (54.1) 31 (50.8)
Chinese 31 (31.6) 11(29.7) 20 (32.8)
Indian 12 (12.2) 4(10.8) 8 (13.1)
Others 4 (4.0) 2(5.4) 2(32)
Antibiotics history, n (%) 37 (37.8) 10 (27.0) 27 (44.30) 0.088 *
CCI", median (IQR) 4.0 (3.0-6.0) 4.0 (2.0-6.0) 4.0 (3.0-7.0) 0.135 ¢
Comorbidities, n (%)
Myocardial infarction, 10 (27.0) 10 (27.0) 17 (27.9) 0928
Cardiac failure 11 (11.2) 3(8.1) 8 (13.1) 0.527 €
Peripheral vascular disease 2(2.0) 0(0) 2(33) 0.525 ¢
Diabetes with end organ damage® 22 (224) 4 (10.8) 18 (29.5) 0.032°
Liver cirrhosis 1(1.0) 0(0) 1(1.6) 1.000 ©
Renal insufficiency 7(7.1) 0(0) 7 (11.5) 0.043 €
Solid tumor 18 (18.4) 7 (18.9) 11 (18.0) 0913 °
Leukemia 2(20) 1(27) 1(1.6) 1.000 €
Lymphoma 2(2.0) 1(27) 1(1.6) 1.000 ©
Immunocompromised 9(9.2) 4(10.8) 5(8.2) 0.726 €
Disciplines of care, n (%) 0.557 €
Medical 57 (58.2) 24 (64.9) 33 (54.1)
Surgical 35(357) 11(29.7) 24 (39.3)
Oncology 4 (4.0) 2(5.4) 2(33)
Gynecology 2 (2.0) 0(0) 2(33)
Admission to intensive care/high dependency unit, 6 (6.1) 1(2.7) 5(8.2) 0.404 €
n (%)
Bacteremia settings, n (%)
Community 36 (36.7) 16 (43.2) 20 (32.8) 0574
Healthcare-associated 48 (49.0) 16 (43.2) 32 (52.5)
Hospital-acquired 14 (14.3) 5(13.5) 9 (14.8)
Infection site(s) ¥, n (%)
Respiratory | 31 (316) 13 (35.1) 18 (29.5) 0.561 *
Gastrointestinal 36 (36.7) 9 (24.3) 27 (44.3) 0.047 *
Genitourinary 31 (31.6) 14 (37.8) 17 (27.9) 0304 *
Skin & Soft Tissue 1(1.0) 0(0.0) 1(1.6) 1.000 ©
Bone & Joint 2(20) 2(5.4) 0(0.0) 1.000 ©
Primary bacteremia 3(3.1) 2(54) 1(1.6) 0.555 €
Bacteria, n (%) 7
E.coli 49 (50.0) 11 (29.7) 38 (62.3)
K.pneumoniae 49 (50.0) 26 (70.3) 23 (37.7) 0.002 *

IQR, interquartile range; CCI#, Charlson Comorbidity Index; Pitt, Pitt bacteremia score on blood culture day.
¥Sites of infections are not mutually exclusive.

ADiabetes with end organ damage refers to retinopathy, neuropathy or nephropathy attributable to diabetes.
Pearson Chi-square.

"Mann-Whitney.

“Fisher’s exact test; *p < 0.05 indicates statistically significant.
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Genotypes ESBL phenotype-positive =~ ESBL phenotype-negative

(N =37) (N = 100)
Single genotype, n (%) 32(23.4) 3(8.1) 29 (29.0)
blaggry 10 1 9
blaten 16 0 16
blacrx-m-1 1 1 0
blacrx-m-o 2 1 1
blaoxa 3 0 3
Two genotypes, n (%) 57 (41.6) 16 (43.2) 41 (41.0)
blagyy + blagpy 22 1 21
blagyyy + blacrxva 7 4 3
blagyy + blacrxas 4 2 2
blasyy + blagxa.1 1 1 0
blargy + blacrxma 3 2 1
blargy + blacrxae 2 1 1
blargm + blaoxa, 10 1 9
blacrx 1+ blacrxa.o 0 0 0
blacrx 1+ blaoxa 6 3 3
blacrx.y.ot blaoxa 2 1 1
Three genotypes, n (%) 38 (27.7) 15 (40.5) 23 (23.0)
blagyy + blatey + blacrxaa 22 10 12
blagyyy + blarem + blacrxao 1 0 1
blagyyy + blaen + blaoxa 4 0 4
blagyy + blacrx-ma+ blacrx-m.o 3 0 3
blagyy + blacrxa+ blaoxa 2 1 1
blagyy + blacrxa+ blaoxa 1 1 0
blapy + blacrx v+ blacrxas 0 0 0
blapy + blacrsva+ blaoxa 4 3 1
blapy + blacrxm.o+ blaoxa 1 0 1
blacrxm1+ blacrxot blaoxa-1 0 0 0
Four genotypes, n (%) 10 (7.3) 3(8.1) 7 (7.0)
blasuy + blapy + blacrxva+ blacrxomeo 6 0 6
blasuy + blargy + blacrx.va+ blaoxaa 3 2 1

blaspy + blargy + blacrx.ot blaoxa 1 1 0
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Antibiotics blactx-m-positive blactx-m -positive blactx-m -positive
All ESBL phenotype-positive BL phenotype-negative
(N=71) =33) (N=38)

Ampicillin 9 127 1 14 61 859 0 0.0 1 3.0 32 97.0 9 237 0 0.0 29 76.3
Ampicillin/Sulbactam® 45 643 6 8.6 19 271 11 344 5 156 16 500 34 895 1 26 3 79
Amoxicillin/Clavulanate® 49 710 11 15.9 9 13.0 14 438 11 344 7 219 35 94.6 0 0.0 2 5.4
Piperacillin/Tazobactam 55 775 7 9.9 9 12.7 24 72.7 3 9.1 6 182 31 81.6 4 10.5 3 79
Cefuroxime 34 479 2 2.8 35 493 0 0.0 1 3.0 32 97.0 34 89.5 1 2.6 3 79
Cefotaxime | 37 | 52.1 1 14 33 465 0 00 1 30 32 970 37 974 0 [ 0.0 1 26
Ceftriaxone 39 549 0 0.0 32 451 1 3.0 0 0.0 32 970 38 100.0 0 0.0 0 0.0
Ceftazidime 43 60.6 4 56 24 | 338 6 182 4 121 | 23 | 697 37 974 0 0.0 1 26
Cefepime 41 57.7 6 8.5 24 338 3 9.1 6 18.2 24 727 38 100.0 0 0.0 0 0.0
Ertapenem 70 100.0 0 0.0 0 0.0 33 100.0 0 0.0 0 0.0 37 100.0 0 0.0 0 0.0
Meropenem 71 100.0 0 0.0 0 0.0 33 100.0 0 0.0 0 0.0 38 100.0 0 0.0 0 0.0
Imipenem 71 100.0 0 0.0 0 0.0 33 100.0 ‘ 0 0.0 0 0.0 38 100.0 0 0.0 0 0.0

®Antibiotic susceptibility was not tested for one isolate for Ampicillin/Sulbactam and two isolates for Amoxicillin/Clavulanate.
S, susceptible.

1, Intermediate susceptible.

R, Resistance.
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Overall® K.pneumoniae
(N =137) (N =68)

blacrx n (%) 71 (51.8) A 29 (42.6) 41 (60.3)
blagyy, n (%) 87 (63.5) 21 (309) 65 (95.6)
blatga, n (%) 95 (69.3) 51 (75.0) 43 (63.2)

blaoxa-1, n (%) 38(27.7) 31 (45.6) 7 (10.3)

SOverall consisted of 68 isolates of E. coli, 68 isolates of K. pneumoniae, and one isolate of K. oxytoca.
Ablacrxa (n = 57), blacrxas (n = 38), blacrxvt & blacrxavs (n = 9);

*Pearson Chi-square.

*p < 0.05 indicates statistically significant.

ESBL phenotypes

Positive Negative
(N =37) (N=100)
33 (89.2) 38 (38.0)
24 (64.9) 63 (63.0)
21 (56.8) 74 (74.0)
14 (37.8) 24 (24.0)

<0.001"
0.840 "
0.052

0.108 *
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Overall blacr: lacTx
Severity, N 98 37 61
Septic shock, n (%) 30 (30.6) 10 (27.0) 20 (32.8) 0.549
SOFA” at onset, median (IQR) 4.0 (2.0-6.0) 4.0 (2.0-6.5) 4.0 (2.0-6.0) 0.865 >
Pitt" score, median (IQR) 1.0 (0.0-2.0) 1.0 (0.0-2.0) 1.0 (0.0-2.5) 0.906 °
Pitt" >/= 4, n (%) 10 (10.2) 3(8.1) 7 (11.5) 0.738 €
Temperature,°C, median (IQR) 38.5 (37.8-39.2) 386 (382 - 39.3) 38.2 (37.0 - 39.2) 0.054 "
Outcomes, N 93 37 56
Hospital discharge, n (%) 78 (83.9) 31 (83.8) 47 (83.9) 0.985°
Length of stay, median (IQR) 10.0 (7.0-13.3) 10.0 (7.0-16.0) 10.0 (7.0-13.0) 0992
In-hospital Mortality‘, n (%) 15 (16.1) 6(16.2) 9 (16.1) 0.985
Mortality among patients receiving carbapenems within seven days 3(333) 0(0.0) 3(429) 0500 €

since blood culture day””, n (%)

IQR, interquartile range.

“SOFA, Sequential organ failure assessment score on blood culture day.

APitt, Pitt bacteremia score on blood culture day.

*In-hospital mortality at 30 days.

AATotal 9 patients: 2 patients from blacrx.y and 7 patients from Non-blacrs.u group.
“Pearson chi-square.

"Mann-Whitney.

“Fisher’s exact test.

*p < 0.05 indicates statistically significant.
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Excluded: 1000 cultures from 619 patients

Exclusion reason:
<18 y/o (33)
pass away/from forensic unit (13)
transferred out before blood culture
positive (3)
Transfer in with known bacteraemia within
7 days (1)
Hospitalised <1 day (3)
second culture/repeat culture(47)
Central line sample (28)
Culture not collected (22)
Culture pair (340)
No organism seen (5)
Other non-eligbible gram negative rods
(137)
Gram positive cocci / chain (172)
Coagulase-negative staphylococci (87)
Gram positive rod/bacilli (21)
Yeast (28)
Morphology undetermined (2)
same morphology as previous culture
within 7 days (2)
Polymicrobial (56)

Exclude 37 ESBL phenotype-positive
isolates

Exclude 2 incomplete admission
information

Exclude 5 cases discharge from
hospital at own will

Total number of positive blood
cultures screened during the period
April 2022 to March 2023

1137 cultures from 756 patients

137 isolates/case were eligible for
phenotypic & PCR analysis
100 ESBL phenotype-negative
isolates/case
98 isolates/cases
for clinical analysis

93 isolates/ cases
for mortality & length of stay
analysis
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Empirical antibiotics, n (%)

Aminopenicillins/inhibitors™* 38 (38.8) 11(29.7) 27 (44.3) 0.152°
Piperacillin/Tazobactam® 33 (33.7) 15 (40.5) 18 (29.5) 0.263*
Second-generation cephalosporin 1(1.0) 0(0) 1(1.6)
Third-generation cephalosporins” 24 (24.5) 10 (27.0) 14 (23.0) 0.649 *
Meropenem 2(20) 1(27) 1(1.6) [

Receipt of Carbapenem within seven days since blood 9(92) 2(54) 7 (11.5) 0476 °

culture day, n (%)

*Aminopenicillins/inhibitors: Amoxicillin/clavulanic acid or Ampicillin/sulbactam.

S Aminopenicillins/inhibitors and piperacillin/tazobactam are referred to as penicillin/beta-lactamase inhibitors (PCNBLI).
AThird-generation cephalosporins refer to ceftriaxone, cefotaxime or ceftazidime.

*Pearson Chi-square.

PFisher’s exact test.

*p < 0.05 indicates statistically significant.
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Amplicon

Primer name Sequences size (bp)
M-TEM-F CATTTCCGTGTCGCCCTTATTC 800
M-TEM-R CGTTCATCCATAGTTGCCTGAC |
M-SHV-F AGCCGCTTGAGCAAATTAAAC | 713
M-SHV-R ATCCCGCAGATAAATCACCAC
M-OXA-1-F GGCACCAGATTCAACTTTCAAG 564
M-OXA-1-R GACCCCAAGTTTCCTGTAAGTG v

M-CTX-M-1-F TTAGGAAGTGTGCCGCTGTA 655
M-CTX-M-1-R ' CGGTTTTATCCCCCACAAC '
M-CTXM-9-F GGTGATGAACGCTTTCCAAT 518
M-CTXM-9-R ‘ TTATCACCYRCAGTCCACGA »
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PPV

% (95% Cl)

NPV
% (95% Cl)

Sen Sp
% (95% ClI) % (95% Cl)

ESBL 89.19 62.00
phenotype-positive (74.58 t0 96.97) (51.75 to 71.52)

Cefotaxime 7391 59.34
(58.87 to 85.73) (48.53 to 69.52)

Ceftriaxone 80.00 59.79
(64.35 to 90.95) (49.35 to 69.63)

Ceftazidime 7179 56.12
(55.13 to 85) (45.73 t0 66.13)

Cefepime 90.91 60.58
(75.67 to 98.08) (50.51 to 70.02)

CI, confidence interval; Sen, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value.

4647
(39.75 to 53.32)

4791
(40.48 to 55.44)

45.07
(38.09 to 52.25)

3948
(32.62 to 46.77)

4227
(36.05 to 48.75)

93.94
(85.85 to 97.54)

81.80
(72.86 to 88.27)

87.88
(79.25 to 93.23)

83.31
(74.60 to 89.46)

95.45
(87.59 to 98.42)





