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Background and objectives: The emergence of extended-spectrum beta-lactamase-producing Enterobacteriaceae (ESBL-E) is causing increased morbidity and mortality around the world as a result of therapeutic failures. ESBL-E are priority pathogens due to their multidrug resistance (MDR). In Northern Cameroon, ESBL-producing bacteria, particularly in urinary tract infections (UTIs), are being increasingly isolated. This study aimed to retrospectively determine the prevalence of multi-drug resistant ESBL strains isolated from UTIs in Northern Cameroon and to evaluate the effectiveness of the ATB UR Gallery of BioMérieux in diagnosing ESBL-E in clinical settings.

Methods: Standard microbiology protocols and statistical tools were utilized to identify ESBL-producing bacteria and characterize their phenotypic susceptibility and resistance profiles in the study population.

Results: Out of the 144 enterobacteria isolates successfully cultured, 59 (41%) were identified as MDR strains. The ATB UR EU gallery identified 33 (23%) multi-drug resistant ESBL-producing strains, while the double synergy test identified 35 strains without disc reconciliation and 38 strains after reconciliation. The most prevalent ESBL-E isolate was Escherichia coli, accounting for 77.1% of the isolates, followed by Klebsiella pneumoniae (20%) and Enterobacter aerogenes (2.9%). Additionally, the study revealed the emergence of Imipenem resistance (5.7%), a critical last-resort antibiotic. However, all ESBL strains were sensitive to Fosfomycin (FSF/FOS), demonstrating its potential as an effective therapeutic option. Moreover, 37% of the ESBL producers exhibited co-resistance to over 20 different antibiotics.

Conclusion: This study provides valuable insights into the prevalence and susceptibility patterns of ESBL-E associated with UTIs in Northern Cameroon. These insights emphasizes the importance of implementing appropriate treatment guidelines and antimicrobial stewardship measures to mitigate the spread and impact of MDR ESBL-producing strains on public health.
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1. Introduction

Urinary tract infections (UTIs) are among the most common bacterial infections affecting subjects of all ages. To avoid complications, UTIs necessitate a particular medical attention, including antimicrobial therapy, which eventually leads to the selection of multi-resistant strains in both hospital and community settings (1, 2). Most UTIs are caused by Enterobacteriaceae, a large family of Gram-negative bacteria that includes several pathogens such as Klebsiella sp., Enterobacter sp., Citrobacter sp., Salmonella sp., Escherichia coli, Shigella sp., and others. Some Enterobacterales can produce hydrolytic enzymes called extended-spectrum beta-lactamases, which inactivate and destroy most of the commonly used extended-spectrum antibiotics, including penicillins, third- and fourth-generation cephalosporins, and monobactams, making these drugs ineffective for treating ESBL-associated bacterial infections (3, 4). Due to their remarkable safety profiles and broad-spectrum activity against a broad range of pathogens, beta-lactam antibiotics remain a preferred choice for first-line care (5). However, ESBL-producing bacteria can hydrolyze (inactivate) most beta-lactams except cephamycins and carbacephems (6). This phenomenon represents Enterobacteriaceae's primary drugs resistance mechanism (3, 7, 8).

The prevalence of extended-spectrum beta-lactamase-producing Enterobacteriaceae (ESBL-E) is rapidly increasing globally (9–11), and ESBL-E are recognized as one of the most emerging multidrug-resistant bacteria (12–14). The main drivers underlying this rapid spread of antimicrobial resistance (AMR) and, thus, the increasing prevalence of multidrug-resistant ESBL-producing bacteria (MDR-ESBL) around the world are plasmid-mediated transmission of ESBL coding genes and horizontal gene transfer (15–17). Unfortunately, this increased incidence is often associated with multi-drug resistance (MDR) to the majority of front-line antibiotic families, severely limiting the therapeutic options available. MDR-ESBL has become a public health emergency (1, 18), particularly in developing countries with limited resources such as Cameroon, where the prevalence of ESBL-E is alarmingly high, with some studies reporting prevalences of up to 49% (19, 20). These MDR pathogens are known to cause nosocomial and community infections (19, 21–24), particularly in the intensive-care unit (ICU). The majority of MDR-ESBL producers are isolated from critical care patients (25, 26), emphasizing the urgent need for informed AMR surveillance and stewardship.

Despite the lack of a national MDR-ESBL monitoring program in the country, there has been so far a few data published on the subject in order to determine the scope of this phenomenon. Gangoué-Piéboji et al. conducted the groundbreaking ESBL study, which focused on K. pneumoniae and E. coli strains (21). Lonchel et al. supplemented this with a second study in the Ngaoundéré region, which revealed a 16% prevalence of ESBL-E in the community (22). At the same time, Djuikoue et al. reported that all ESBL-producing E. coli strains contained CTX-M enzymes from group I (27). In 2017, a study of 86 E. coli isolates from women in Yaoundé found that 45.3% of ESBL-producing strains were all CTX-M type, with previous antibiotics therapy as risk factors (28). More recently, Djim-Adjim-Ngana et.al. found a 19.3% prevalence of ESBL-E in urinary tract infections in children with prior hospitalization and recent antibiotics use as the main risk factors (19). As we know today, the severity of UTIs, as well as the increased morbidity and mortality, have been associated with multidrug-resistance of ESBL-E (29–31). Identifying patients at risk of ESBL remains a significant challenge to optimize antibiotic therapy and improve patient prognosis (32).

A serious public health concern in the country is to reach a therapeutic impasse in which no antibiotic will be effective against such infections, as the co-occurrence of ESBL-positive isolates and AMR is now considered a national public health threat. The time-consuming nature of the laboratory diagnoses in the country, as well as the overuse and inappropriate antimicrobial therapy, may exacerbate this concern as in other resources-limited countries. Tools such as ATB UR EU Gallery can be used to detect ESBL-producing bacteria in clinical and public health laboratories for proper laboratory surveillance of AMR. This study was therefore carried out in an effort to provide phenotypic characteristics and epidemiological relevant data for MDR-ESBL surveillance and stewardship with the help of two standard phenotypic methods (ATB UR EU Gallery and Double synergy test).



2. Materials and methods


2.1. Study design

The research was carried out in Garoua, the capital of the North Cameroon region, which lies between the Adamaoua and Far-North regions of the country. It shares borders with Nigeria in the west and the Central African Republic in the east. This is a cross-sectional, retrospective study to analyze multidrug-resistant enterobacteria strains that were characterized in the Centre Pasteur du Cameroun Annexe bacteriology lab in Garoua (CPCAG) in 2017. We collected urine samples from subjects with suspected urinary tract infections (UTIs) attending health facilities in Garoua. The subjects' ages, sex and recent history of antibiotics therapy were documented.



2.2. Laboratory analyses

Urine was collected for diagnostic purposes using sterile urine collection bags (Urinocol®, B. Braun Medical, France) according to the manufacturer's instructions. Each urine specimen was subjected to a routine urinary cytobacteriological examination that included: (i) a count of leukocytes and red blood cells in Kova® cells, which also allowed for the recording of other elements such as epithelial cells, cylinders, crystals, and so on; and (ii) a bacterial cells culture with a count of germs (bacteriuria). A urinary tract infection was characterized by leukocyturia (>104/ml leukocytes) and bacteriuria [>105 colony-forming units (CFU)/ml]. The laboratory analysis revealed 144 Enterobacteriaceae strains that were associated with UTIs. In this study, we analyzed 59 strains of enterobacteria that were MDR (Supplementary File 1). The French Microbiology Society's Antibiotic Committee defined these strains as being resistant to third- and/or fourth-generation cephalosporins (CA-SFM, 2019). We first utilized chromogenic medium to culture and isolate Enterobacteria. The standard API 20E gallery (Bio Mérieux SA, France) and BioRad Uriselect® were used to confirm the species identities of the isolated bacterial strains (Supplementary Figure 3).



2.3. Study of the sensitivity of bacterial strains to different antibiotics

The ATB UR gallery was used to test the antibiotic resistance of Enterobacteriaceae (33). The ATBTM UR EU (08) gallery is a qualitative standardized method for determining the antibiotic susceptibility of urinary Enterobacterales in a semi-solid medium. It is very comparable to the reference methods, such as agar dilution or microdilution. There are several pairs of cups in the ATB UR EU gallery (08). The first pair acts as a growth control without the use of antibiotics. The remaining 15 have one or two antibiotic concentrations (c and C). The bacteria to be tested are suspended, mixed with culture medium, and injected into the gallery. Following incubation, the growth is visually analyzed with an ATB, mini API® machine, or both. The result allows the strain to be classified as Susceptible, Intermediate, or Resistant. Note that, as of 2020, the EUCAST committee refers to the sensitive and intermediate categories as “Standard Dose Sensitive” and “High Dose Sensitive,” respectively. The “Resistant” category has remained unchanged. In total, we tested 25 antibacterial drugs commonly prescribed in the country, including six classes: Beta-lactams (n = 13), Aminoglycosides (n = 3), Quinolones (n = 6), Sulfonamides (n = 1), Nitrofurans (n = 1), and Fosfomycin (n = 1).



2.4. Detection of extended spectrum beta-lactamase producers

ESBL is suspected when the inhibition diameter of third and/or fourth generation cephalosporins and/or monobactam decreases. All tests were performed in accordance with the Antibiotic Committee of the French Society of Microbiology's recommendations (CA-SFM 2019) (34). The same inoculum was used to conduct the double synergy test, the double synergy test with disc matching, and the ATBTM UR EU gallery test (08). The double synergy test is a widely used phenotypic reference method for detecting ESBL in Enterobacteriaceae. The double synergy test consists of looking for a synergistic image between a disc of amoxicillin + clavulanic acid (AMC 20/10 μg) and a disc of C3G [ceftazidime (CAZ) 30 μg and/or cefotaxime (CTX) 30 μg] and/or C4G [cefepime (FEP) 30 μg] and/or a monobactam [aztreonam (ATM) 30 μg]. An ESBL-producing Enterobacteriaceae is identified on the ATB UR EU (08) gallery when wells with Cefoxitin 32 (CX32) are susceptible (S) and those with CTX (and CAZ) are resistant (R).



2.5. Phenotypic confirmation tests for ESBL positive isolates

For the synergy tests, a distance of 30 mm was maintained between the discs' centers. The presence of ESBL is indicated by the presence of a “champagne cork” synergy image (Supplementary Figures 1, 2). Strains that failed the double synergy test were tested by bringing the C3G, C4G, and/or aztreonam discs (20 mm) closer to the MAC disc. Due to the possibility of co-production of a high level of cephalosporinase (cases), we used cloxacillin, a cephalosporinase inhibitor, to detect ESBL production. Cloxacillin is an antibiotic that inhibits the growth of bacteria in Enterobacteriaceae groups 1 and 2 at 0.25 mg/ml and group 3 at 0.3 mg/ml. However, it is ineffective against Gram-negative bacilli that produce penicillinases. The synergy test on Mueller-Hinton agar (MH) with cloxacillin is interpreted by comparing it to the synergy test without cloxacillin. The appearance of one or more synergistic images is considered positive. The restoration of inhibition diameters around cephalosporins indicates the presence of a possibly high level of cephalosporinase associated with ESBL.



2.6. Epidemiological and statistical data analysis

We created a database using the Sphinx Plus2—Lexica-V5 software, where we inserted all data for statistical analysis. The data was also analyzed with the R Statistical Software version 4.2.2 (R Core Team, 2021, R Foundation for Statistical Computing) in the tidyverse ecosystem. All variables were examined by univariate analysis using the χ2 or the Mann–Whitney U-tests as appropriate. All statistical tests were two-tailed, and a p < 0.05 was considered statistically significant.



2.7. Ethical considerations

The Ethics Committee of the University of Ngaoundere approved this study (Ref: N°2018/060/UN/R/RFS/CD-DSBM). The CPCAG authority reviewed and approved the study protocol. The confidentiality of the study subjects' information was maintained in accordance with national and international regulations.




3. Results


3.1. Isolation frequencies of Enterobacteriaceae associated with UTIs

We isolated and identified 144 strains of Enterobacteriaceae from suspected UTIs cases. These included Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes, Enterobacter cloaceae, Citrobacter koseri, Proteus mirabilis, and Moeganella morganii. E. coli (72.9%; 105/144) and Klebsiella pneumoniae (20.1%; 29/144) were by far the most frequently isolated strains, accounting for 93% of all isolates. The isolation rate for Enterobacter spp. was 3.5%, while other isolates accounted for less than 4% of the cases. Out of the 144 Enterobacteriaceae isolates, 59 (41%) were multi-resistant to at least three antibiotic families, with E. coli (76%) being by far the most abundant MDR strain, followed by K. pneumoniae (21%) (Figures 1A, B). Furthermore, 37% of E. coli MDR isolates and 28.6% of K. pneumoniae MDR isolates were co-resistant to more than 20 antibiotics, indicating a dramatic resistance rate for commonly used antibiotics (Figure 1C). Overall, around two-thirds (65.49%) of the UTIs isolates were tested positive for resistance, while roughly one-third (32.64%) was susceptible to all antibiotics (Figure 1D).


[image: Figure 1]
FIGURE 1
 Double synergy tests. Number of isolates showing multi-drug co-resistance (MDR) and producing ESBL in the standard Double Synergy Test (A) and with disc approximation (B). The percentages of MDR strains to different numbers of antibiotics (C). Overall antibiotics resistance and susceptibility rates recorded among all isolates and drug tested (D).




3.2. ESBL detection through phenotypic tests

The ATB UR EU (08) showed that 33 out of 59 MDR strains of Enterobacteriaceae were ESBL producers, i.e., a rate of 22.9% (33/144). The double synergy test showed that 35 of 59 MDR Enterobacteriaceae strains were ESBL producers at a rate of 24.3% (35/144). When only ESBL-producing strains were considered, E. coli was the most common ESBL+ at 77.1% (27/35), followed by K. pneumoniae at 20% (7/35) and E. aerogenes at 2.9% of the 35 detected ESBL-producing isolates (Figures 1A, B and Table 1). The disc-matching method identified 38 ESBL-producing strains compared to the double synergy test without matching, giving a total ESBL isolation rate of 26.38% (38/144). The results of the disc matching show that the other two methods failed detecting three ESBL positive strains (Table 1).


TABLE 1 Comparison of different phenotypic methods for ESBL detection.
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3.3. Antibiotics resistance and susceptibility of ESBL-producing strains

The overall resistance and susceptibility of MDR isolates, including Escherichia coli, Klebsiella pneumoniae, and Enterobacter aerogenes, to various antibiotics were assessed in this study. Our results suggested consistently higher resistance rates to most of the commonly used extended-spectrum antibiotics (Figure 2). The highest resistance rates were observed for ampicillin (98.31%), ticarcillin (94.92%), and piperacillin (91.53%), indicating that these drugs may no longer be effective in treating UTIs caused by these bacterial strains (Table 2). A substantial number of isolates also showed high levels of resistance to trimethoprim/sulfamethoxazole (86.44%), cephalothin (84.75%), and cefuroxime (77.97%). However, some antibiotics such as amoxicillin/clavulanic acid, nalidixic acid, and cefixime showed moderate effectiveness with resistance rates of 69.49, 71.19, and 64.41%, respectively.


[image: Figure 2]
FIGURE 2
 Antibiotic susceptibility. Co-resistance profile of ESBL+ isolates including Escherichia coli, Klebsiella pneumoniae, and Enterobacter aerogenes to the different antibiotics tested. Barplot depict percentage of Resistance, Susceptibility, and Intermediate strains for various commonly used antibiotics in Cameroon.



TABLE 2 Overall resistance and susceptibility of multidrug-resistant isolates including Escherichia coli, Klebsiella pneumonia and Enterobacter aerogenes. R, resistant; S, susceptible; I, intermediate.
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Antibiotics such as imipenem (94.92%), nitrofurantoin (88.14%), and amikacin (86.44%) were found to be relatively effective against the large majority of MDR strains. However, these last-resort antibiotics are typically reserved for severe infections, and their use may lead to the emergence of further resistance (Table 2). Intermediate susceptibility was observed only for norfloxacin, ciprofloxacin, and ceftazidime, with respectively 1.69, 3.39, and 10.17% of the isolates showing intermediate susceptibility to at least one antibiotic (Table 2). Regarding the prevalences of AMR among ESBL producers, the strains shared a high resistance rate to all beta-lactams, aminoglycosides, and fluoroquinolones/quinolones tested, with the exception of piperacillin/tazobactam (42.9%) and cefoxitin (42.9%), where they recorded a moderate coresistance rate. On the other hand, these strains also demonstrated low resistance to imipenem (5.70%), and fosfomycin was the only drug 100% effective against all ESBL strains tested (Figure 2).



3.4. Age and sex-specific antibiotics susceptibility

We investigated the proportion of multi-drug resistant ESBL+ isolates across gender and different age groups. Our data showed that males had a significantly higher proportion of MDR isolates compared to females (Mann–Whitney U test, p < 0.05), with a concerning ESBL producers rate of 43%. Male subjects have nearly twice as many ESBL+ isolates as females (Table 3). Regarding age groups, we observed the highest proportion (61%) of MDR isolates among children aged 0–12 years, with a relatively high ESBL+ prevalence of 41%. Interestingly, the 20–49 age group had the lowest proportion of MDR isolates, with a significantly lower ESBL+ rate of 7% (Mann–Whitney U-test, p < 0.05). Among individuals aged 50 years and above, the proportion of MDR isolates was intermediate (25%), with an ESBL+ rate of 17% (Table 3). These findings underscore the fact that the spread of ESBL+ is more pronounced in vulnerable populations such as children and older adults but also that UTIs in females are substantially less associated with MDR. This suggests age and sex-specific antibiotic susceptibility as potential risk factors for multi-drug resistance.


TABLE 3 Proportion of multi-drug resistant isolates along with the ESBL+ rate between genders and age groups.

[image: Table 3]

To better understand the age-and sex-specificity of the drug resistance patterns of MDR isolates, we assessed the number of drugs that the isolates were resistant to, susceptible to, or had intermediate susceptibility, in each age and sex group. The statistical analysis (Mann–Whitney U-test) showed a significantly high number of ineffective drugs among men vs. women isolates. Subjects aged 0–12 years exhibited the highest frequency of antibiotic coresistance, as well as the highest susceptibility. However, despite this relatively high drug susceptibility rate, only 31% of the MDR ESBL+ strains in this age group were susceptible to more than three antibiotics (Figure 3).
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FIGURE 3
 Age and sex-specific multi-drug resistance profiles. The distributions displaying the number of drugs to which MDR EBSL+ isolates are resistant, susceptible, or have intermediate susceptibility. The statistical significance tests were performed between age groups (A) and sexes (B).





4. Discussion


4.1. Comparison of ATB UR EU (08) Gallery and Double Synergy Test

Effective detection of ESBL-producing bacteria is critical for making informed treatment decisions. In this study, we compared the performance of the ATB UR EU (08) Gallery and the double synergy test in detecting ESBL strains causing UTIs. Our results showed that the ATB UR EU (08) Gallery detected 33 ESBL strains, while the double synergy test detected 35 and 38 strains in close proximity. However, the ATB UR EU (08) Gallery could not detect three strains that were ESBL and cephalosporinase producers, showing its limitation in detecting strains with both characteristics. To confirm the presence of these strains, we used the synergy test with the discs brought together at a distance of 20 mm, which successfully detected all three strains. It should be noted that the ATB UR EU (08) Gallery did not report any false positives (strains identified as ESBL+ by the gallery but not confirmed by the synergy tests), indicating its overall reliability in detecting ESBL enterobacteria. Our findings suggest that medical laboratories using the ATB UR EU (08) Gallery can report the results of ESBL enterobacteria detected with this test with confidence. When a cephalosporin hyper-producing strain is suspected (positive when: CX32: R; CAZ: R and CTX: R), an optimized synergy test with disc reconciliation or the double disc test should be performed for more accurate detection. Our results agree with those of Garrec et al., who reported that reducing the distance between the discs improves the sensitivity of the double synergy test and that the sensitivity reaches 100% (35). Similarly, Tzelepi et al. pointed out that the sensitivity of this test increases from 61 to 90% by reducing the distance from 30 to 20 mm (36). Overall, we demonstrate that incorporating the ATB UR EU (08) Gallery and the synergy test can effectively monitor and control the spread of ESBL+ antimicrobial resistance, particularly in resource-constrained settings.



4.2. Prevalence and susceptibility of ESBL producers to the different antibiotics

There has been a worldwide growing concern about the prevalence of ESBL producing bacteria and their association with urinary tract infections (37, 38). This issue is problematic in Cameroon, given the country's high burden of infectious diseases and the limited availability of effective antibiotics (39). Several studies have previously investigated the prevalence of ESBL-associated UTIs in Cameroon. One such study by (20) reported an ESBL-E prevalence rate of 34.4% in children aged 0–2 years affected by blood stream infections. Our study reports an overall ESBL-associated UTIs prevalence rate of 26.3% (38 out of 144), which is in the range of previous studies (19.3 to 48.2%) (19, 20). This rate is however lower than the ESBL+ prevalence reported in other African countries such as Algeria (37.1%) (40) and Tunisia (30.8%) (41) but higher than the rate reported in Morocco (12.2%) (42). The majority of patients in our study population had a history of failed antibiotic therapy, prior antibiotic use, and recent hospitalization, which could explain the relatively high prevalence of multi-drug resistant ESBL+ isolates. A common feature of the bacterial isolates tested in this study is their high co-resistance (pan-resistance) to all beta-lactams tested, with the exception of piperacillin/tazobactam (TZP) and cefoxitin (FOX/CXT), which showed a ESBL+ sensitivity of 42.9 and 57.1%, respectively.

It is also concerning that even last-line antibiotics like imipenem (carbapenem) were not sensitive against nearly 6% of the ESBL+ strains, revealing an emerging resistance against this last resort antimicrobial drug. This is alarming because similar co-resistance rates, except for Piperacillin/Tazobactam, have been reported in other regions in Cameroon (2, 19), showing a growing national or even a global trend. This situation may be the result of selection pressure caused by the overprescription and sometimes abusive use of broad-spectrum antibiotics in hospitals and the community, including non-prescription dispensing and self-medication. Furthermore, environmental residual antibiotics can exert selective pressure on bacteria. AMR has been linked to human-caused antibiotic contamination in the environment, such as the discharge of treated wastewater and the spread of sludge from sewage treatment plants and livestock effluents (43). Numerous antibiotics, including nitroimidazoles, sulfonamides, macrolides, and trimethoprim, have been found in industrial livestock effluents or fish farms (44). Guillon et al. discovered danofloxacin, an antibiotic used in veterinary medicine, in very low doses in certain drinking water (45).

The development of carbapenems (imipenem) resistance, which are actually susceptible to ESBL+ strains, may also drive the emergence of novel strains combining both ESBL expression and carbapenem impermeability. Co-expression of ESBL and carbapenemases can lead to a “pan-resistance” phenotype to beta-lactams (46). The percentages of ESBL+ resistance to gentamicin (61%) and tobramycin (52.2%) are higher than to amikacin (31.4%), confirming that the latter is still the most effective aminoglycoside against ESBL producers, as reported in several studies (2, 19, 31). Our finding also highlighted a resistance to all quinolones and fluoroquinolones tested. The high rate of ESBL+ co-resistance to these antibiotics, particularly ciprofloxacin, points out to its decreased effectiveness in the treatment of urinary tract infections (47). This is primarily explained by the widespread use of ciprofloxacin and norfloxacin as the first-line treatment of UTIs due to their broad bacterial spectra and sound urine diffusion (48).

This study raises the threat of complete impasse of antimicrobial therapy as many first-line antibiotics showed low sensitivity to ESBL-associated UTIs. The high prevalence of ESBL in UTIs in Cameroon may be attributed to a number of factors, including the inappropriate use of broad-spectrum antibiotics in hospitals and the community, inadequate infection control measures in healthcare settings, and limited access to laboratory testing for accurate diagnosis and treatment. This significant ESBL+ co-resistance severely limits the therapeutic arsenal and increases the risk of treatment failure (31). However, fosfomycin was completely effective against ESBL+ strains. Fosfomycin retains good activity against all isolates tested, which is most likely due to its low prescription, as it is recommended for treating acute and critical cases. In Cameroon and other Sub-Saharan African countries, the problem is the high cost of fosfomycin, which is frequently out of reach for the population, as well as its scarcity in pharmacies (19, 30). Given these insights, it is critical to implement strategies to reduce the prevalence and spread of ESBL-producing bacteria. This includes promoting antibiotic prudence, improving infection control measures in healthcare settings, and expanding access to laboratory testing for accurate diagnosis and treatment.



4.3. Epidemiological risk factors

Our study indicate that there are significant differences in the proportion of multi-drug resistant isolates with ESBL positive rate between different gender and age groups. ESBL-associated UTIs were more common in males than in females subjects, with a male/female sex ratio of 2. Additionally, the 0-12 age group had the highest baseline prevalence of UTIs and the highest rate of MDR isolates and ESBL-positive rates, while the 20–49 age group had the lowest. These findings are in line with previous studies that have reported higher rates of ESBL+ and MDR isolates in males and in children (1, 49). The reasons for these differences are not clearly understood but could include differential exposure to beta-lactam and broad-spectrum antibiotics, differences in infection control practices, and cultural and genetic factors (50). For example, circumcision may be more likely to increase the susceptibility of males subject to UTIs (51), and thus the exposure to antibiotic-resistant strains including ESBL-producers. At the same time, children may be more susceptible to UTIs because of their immune vulnerability (49). A limitation of our study is the small sample size for some age groups, which may limit the generalizability of our findings. Furthermore, our study did not investigate the mechanisms underlying the differences in MDR and ESBL+ rates between gender and age groups. Thus, more research is needed to clarify these probable risk factors for ESBL-associated MDR in urinary tract infections.



4.4. Outlook and future analyses

The current study has focused on the phenotypic characterization and prevalence of MDR ESBL-producing strains associated with UTIs in a clinical context, by providing relevant data for AMR clinical stewardship. However, a future direction would be the use of next-generation sequencing (NGS) for genotyping the identified ESBL-producing isolates to gain deeper insights into the molecular mechanisms underlying their multidrug resistance. For example, whole-genome sequencing of these isolates panels could help to identify genetic determinants of ESBL+ resistance, such as mobile genetic elements including plasmids and integrons. In addition, genotyping of ESBL-producing bacteria could provide crucial information on the genomic epidemiology and population structure of these pathogens, which would then inform the development of public health guidelines and surveillance measures for MDR-ESBL variants.




5. Conclusions

In conclusion, the multi-drug resistant isolates in this study showed high resistance levels to the most commonly used antibiotics in Cameroon. Our study provides evidence for significant differences in the proportion of MDR isolates with the ESBL positive rate between different gender and age groups. These findings underscore the importance of continued surveillance and the development of effective strategies to prevent the spread or the emergence of antibiotic-resistant strains in the population. The high isolation frequency of ESBL+ strains requires clinicians to prescribe antibiotics rationally to reduce the selection pressure exerted by broad-spectrum antibiotic therapy. Antibiotics with a low co-resistance rate, such as amikacin, may be an alternative treatment. For the epidemiological surveillance of MDR, detecting enterobacteria BLSE+ strains should be a routine examination in the suspicion of enterobacteria infections. Based on our results, the ATBTM UR EU (08) gallery can effectively screen ESBL+ strains for diagnostics, avoiding additional costs to the patient and ensuring a better patient management and AMR surveillance in our laboratories.
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