


Resistance to Oxyimino-Cephalosporins via ESBLs Enzyme Production in Klebsiella pneumoniae Strains Isolated from Urine Samples at the Pietro Annigoni Biomolecular Research Center (CERBA), Burkina Faso

Abstract
β-lactam antibiotics represent the most widely developed and utilized class of antimicrobials globally. However, the increasing resistance to these antibiotics—primarily among Gram-negative bacteria such as Klebsiella pneumoniae—poses a significant public health concern. The most commonly observed resistance mechanism involves the enzymatic inactivation of β-lactams by β-lactamases, which hydrolyze the β-lactam ring.
The objective of this study was to investigate resistance to oxyimino-cephalosporins (ceftazidime [CAZ], ceftriaxone [CRO], and cefotaxime [CTX]) through the production of β-lactamase enzymes (SHV, TEM, CTX-M) in K. pneumoniae strains isolated from urine samples, and to assess potential correlations between these resistance enzymes and specific antibiotics.
A total of 23 K. pneumoniae urinary isolates were collected at the Pietro Annigoni Biomolecular Research Center (CERBA) for bacteriological and molecular analysis. Resistance rates to CTX, CRO, and CAZ were found to be 66.67%,53.33%,33.33% respectively. Molecular analysis revealed a predominance of the TEM gene, detected in 50% of the isolates. Correlation analysis demonstrated a positive association between the presence of TEM and resistance to CAZ and CTX, as well as a positive correlation between CTX-M and CRO, indicating the involvement of these enzymes in antibiotic resistance.
This study highlights resistance patterns and the distribution of resistance genes among the isolates, providing valuable insights for guiding therapeutic strategies and strengthening epidemiological surveillance.
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Introduction
β-lactam antibiotics constitute the most extensively developed and widely used class of antimicrobials worldwide [1]. Their widespread use is largely attributed to their broad-spectrum activity, low toxicity, high efficacy, and relatively low cost for certain molecules [2,3]. However, bacteria have evolved various resistance mechanisms to counteract their activity, including overexpression of efflux pumps, porin inactivation, and acquisition of β-lactamase genes [1,4,5].
Among Gram-negative bacteria (GNB), Klebsiella pneumoniae is particularly concerning due to its high level of resistance to β-lactam antibiotics [6]. This pathogen is clinically significant in hospital settings, especially in intensive care units (ICUs), where it contributes to increased morbidity and mortality [4]. The most prevalent resistance mechanism to β-lactams is the enzymatic hydrolysis of the β-lactam ring by β-lactamases [7–10].
To date, hundreds of β-lactamases have been identified and classified into four main groups (A, B, C, D) based on their primary structure, according to the Ambler classification [11,12]. Class A enzymes are the most widespread and include the extended-spectrum β-lactamases (ESBLs) such as TEM, SHV, and CTX-M types [13,14]. 
[bookmark: _GoBack]They are often plasmid-encoded and transmissible by conjugation, making them major contributors to the dissemination of antibiotic resistance [15]. These enzymes pose a particular challenge among GNB, including members of the ESKAPE group (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter spp.) [8,15,16].
In Burkina Faso, previous studies have reported K. pneumoniae isolates producing GES- or CTX-M-type ESBLs resistant to oxyimino-cephalosporins [17,18]. The increasing prevalence of such resistance mechanisms remains a significant public health concern in the country. The present study aimed to assess the prevalence of TEM, SHV, and CTX-M β-lactamase genes among K. pneumoniae isolates resistant to oxyimino-cephalosporins (CRO, CTX, CAZ), and to evaluate potential correlations between these resistance genes and antibiotic susceptibility patterns. This work seeks to contribute to the understanding of resistance dynamics and to inform therapeutic and epidemiological decision-making.




I. Methodology
1. Sample Collection
A total of 23 urinary isolates of K. pneumoniae were collected from the Pietro Annigoni Biomolecular Research Center (CERBA) over a one-month period (March–April 2024).
2. Bacteriological Analysis
a. Bacterial Identification
Urine samples were examined macroscopically
Urine samples were subjected to standard bacteriological procedures, including macroscopic examination, culture and incubation, microscopic analysis, isolation, identification, and antibiotic susceptibility testing. Bacterial isolation was performed on eosin methylene blue (EMB) selective agar. Presumptive colonies were then identified by biochemical tests using the API 20E identification system, according to the manufacturer's instructions.
b. Antibiotic Susceptibility Testing
Antibiotic susceptibility was assessed using the Mueller-Hinton agar disk diffusion method, following the guidelines of the French Society for Microbiology (CA-SFM). The following antibiotics were tested: Amoxicillin–Clavulanic Acid (AMC), Ceftriaxone (CRO), Ceftazidime (CAZ), and Cefotaxime (CTX).
The antibiotic disks were arranged to visualize the characteristic synergy pattern (champagne-cork appearance) between AMC and oxyimino-cephalosporins, indicative of ESBL production. Only isolates resistant to at least one of the tested antibiotics were selected for molecular analysis. Indeed, out of the 23 K. pneumoniae strains, 9 were resistant to all the tested antibiotics.
3. Bacterial DNA Extraction
Genomic DNA was extracted using the heat-shock method. Briefly, bacterial cells were suspended in sterile water and heated to 100°C for 15 minutes to lyse the cells and release genomic material. The suspension was then centrifuged to separate cellular debris, and the supernatant containing the DNA was recovered. DNA concentration and purity were evaluated using a Nanodrop spectrophotometer prior to PCR amplification. 
4. Polymerase Chain Reaction (PCR)
Conventional PCR was conducted to detect the presence of SHV, TEM, and CTX-M resistance genes using specific primers (see Table 1) and thermocycling conditions tailored to each gene (see Table 2). PCR products were analyzed by agarose gel electrophoresis to confirm amplification and visualize expected bands.

Table 1. Primer Sequences Used for PCR Amplification
	Genes
	Primer Sequences (5' → 3')
	Amplicon Size (bp)
	REFERENCES

	SHV
	For: ATGCGTTATATTCGCCTTG
Rev: TTAGCGTTGCCAGTG CTC
	875 bp
	[1]


	TEM
	For: ATAAAATTCTTGAAGACGAAA
Rev: GACAGTTACCAATGCTTAATCA
	1080 bp
	[19]


	CTX-M
	For: GTTACAATGTGTGAGAAGCAG
Rev: CCGTTTCCGCTATTACAAAC
	1000 bp
	[1]





Table 2.  PCR Conditions for the Amplification of bla<sub>SHV</sub>, bla<sub>TEM</sub>, and bla<sub>CTX-M</sub> Genes
	Parameters
	blaSHV
	BlaTEM
	blaCTX-M

	Initial denaturation
	96°C for 5 min
	96°C for 5 min
	96°C for 5 min

	Denaturation (per cycle)
	96°C for 1 min
	96°C for 1 min
	96°C for 1 min

	Annealing
	60°C for 1 min
	58°C for 1 min
	50°C for 1 min

	Extension (per cycle)
	72°C for 1 min
	72°C for 1 min
	72°C for 1 min

	Final extension
	72°C for 10 min
	72°C for 10 min
	72°C for 10 min

	Number of cycles
	35
	35
	35


4- Data Processing
Data were compiled using Microsoft Excel and statistically analyzed with R software, version 4.3.3.

Results
A total of 23 isolates of K. pneumoniae were collected for this study. A detailed analysis of antibiotic resistance profiles and the presence of resistance genes yielded the following findings:
1. Antibiotic Resistance Rates
Antibiotic susceptibility testing revealed a high level of resistance to CTX and CRO, with resistance rates of 66.67% and 53.33%, respectively. A moderate resistance was observed to CAZ, with a rate of 33.33%.
Table 3: Antibiotic Resistance Rates (%) Among K. pneumoniae Isolates
	Species
	CAZ_resistance
	CRO_resistance
	CTX_resistance

	K. pneumoniae
	33.33333
	66.66667
	53.33333



2. Analysis of Resistance Genes
a- Quantification and verification of DNA purity
Quantification using nanodrop gave a concentration value between 50 and 425 ug /ml. We also obtained values ​​of the R ratio (A260/A280nm) between 1,830 and 1,988. These results show that ADN extracts were in sufficient quantity and of good quality.
a. Overall Gene Prevalence
Molecular analysis revealed that the TEM gene was the most frequently detected, being present in 50% of the isolates. This was followed by the SHV gene, identified in 42.86% of the strains, and the CTX-M gene, found in 28.57% of the isolates (Refer to Table 4).
Table 4: Overall Frequency (%) of Resistance Genes in the Study Population
	SHV
	CTX_M
	TEM

	42.85714
	28.57143
	50



b. Coexistence of Resistance Genes
Gene combinations were identified in several isolates. The SHV + CTX-M combination was detected in 7.14% of strains, while SHV + TEM and CTX-M + TEM co-occurred in 14.28% of isolates each. Coexistence patterns of resistance genes and the results of the PCR product visualization are displayed respectively in table 5 and Figure 1.
Table 5. Coexistence Patterns (%) of Resistance Genes 
	Species
	SHV_and_CTX_M
	SHV_and_TEM
	CTX_M_and_TEM
	All_three

	K. pneumonia
	7.142857
	14.28571
	14.28571
	0
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After migration on agarose gel, the extracts were visualized under UV light with the GENE FLASH device and the photos were recorded. M = molecular weight marker (100bp), NC: negative control, 1-13 corresponding to the different DNA extracts. As shown in the image, sample 4 (U18), is positive for the SHV gene with a band appearing at 875 bp
[image: ]
                                                    M = molecular weight marker (100bp), NC: negative control, 1-14 corresponding to the different DNA extracts. As shown in the image, sample 3 (U9), is positive for the TEM gene with a band appearing at 1080 bp.
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M = molecular weight marker (100bp), NC: negative control, 1-10 corresponding to the different DNA extracts. As shown in the image, sample 4 (U6), is positive for the CTX-M gene with a band appearing at 1000 bp.
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Figure 1. Revelation of blaSHV amplicons after electrophoresis
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Figure 2. Revelation of blaTEM amplicons after electrophoresis
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C- Correlation analysis between resistance genes and the antibiotics
We performed a correlation analysis (Figure 4) between resistance genes and the antibiotics using R software, to which they confer resistance in order to identify potential associations between these variables. The analysis revealed the following relationships:
· A significant positive correlation was observed between the TEM gene and resistance to CAZ (r=0,45) and CTX (r=0,52)
· A non-significant positive correlation was noted between TEM and CRO (r= 0,17).
· The SHV gene showed a non-significant positive correlation with CTX (r= 0,10), and a negative correlation with CAZ (r= -0,04) and CRO (r= - 0,6).
- A significant positive correlation was identified between the C TX-M gene and CRO (r= 0,33), while negative correlations were observed between CTX-M and both CAZ (r= - 0,14) and CTX (r= - 0,06).
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Figure 4. Correlation Between Identified Resistance Genes and Antibiotics

This heatmap illustrates the correlation coefficients between each resistance gene and each antibiotic. The color gradient represents both the strength and direction of the correlation:
· Blue indicates a positive correlation
· Red indicates a negative correlation)
· White denotes weak or no correlation.








DISCUSSION

The primary purpose of antibiotics is to inhibit the growth or eradicate bacteria responsible for infections and diseases [20]. However, the emergence of extended-spectrum β-lactamase (ESBL)-producing bacteria represents a significant development in antimicrobial resistance [21]. K. pneumoniae is a notable opportunistic pathogen of the urinary tract, and its emergence with multiple antibiotic resistance phenotypes has considerably complicated the treatment and management of urinary tract infections [22]. This study focused on the resistance to oxyimino-cephalosporins in ESBL-producing K. pneumoniae isolates. Approximately 33.33% of strains exhibited resistance to CAZ, 66.66% to CTX, and 53.33% to CRO. Similar studies reporting the extent of K. pneumoniae resistance to oxyimino-cephalosporins have been conducted in Burkina Faso [17, 18, 23, 24], Togo [25], Gabon [26], and Asia [27, 28]. The observed resistance rates may be attributed to self-medication practices, unregulated access to antibiotics available over the counter [29, 30], and insufficient infection control measures in healthcare settings, which heighten the risk of dissemination of resistant strains and their plasmids [30]. Clinicians frequently employ β-lactams, including oxyimino-cephalosporins, in large quantities to treat patients. The widespread use of these antimicrobials for treatment or prophylaxis is likely a key driver of resistance, contributing to the emergence and spread of highly resistant bacteria within healthcare facilities [31]. Resistance to oxyimino-cephalosporins in K. pneumoniae is primarily linked to plasmid-mediated ESBL production [32]. In this study, ESBL genes SHV, TEM, and CTX-M involved in oxyimino-cephalosporin resistance were identified, with prevalences of 50%, 42.85%, and 28.57%, respectively. These findings align with those of Sharashi et al. [33], Bajpai et al. [34], Shanmugam et al. [35], and Jaskulski et al. [36], who also reported a predominance of the TEM gene. Conversely, many other studies have identified CTX-M [37, 38] or SHV [39] as the predominant genes. In the 1990s, the main ESBLs derived from TEM- and SHV-type enzymes and predominantly spread within hospital clones of K. pneumoniae and Enterobacter species [9, 40]. Currently, CTX-M enzymes constitute the majority of ESBLs worldwide, with their dissemination described as pandemic [37, 40]. The discrepancy between our results and other studies may be explained by the selection bias in our strain collection, which predominantly harbored TEM genes. Coexistence of resistance genes was observed as follows: CTX-M/SHV (7.14%), SHV/TEM (14.28%), and CTX-M/TEM (14.28%). A similar study in Kenya reported lower prevalences of CTX-M/TEM (9.5%) and CTX-M/SHV (2.4%) [41]. Additional studies from Togo, Tunisia, and Sweden [42–44] have documented coexistence of all three genes SHV/TEM/CTX-M in some isolates.
We also performed correlation analysis between resistance genes and the antibiotics to which they confer resistance, in order to explore potential associations. We observed a significant positive correlation between TEM and CTX (r= 0,52) /CAZ (r=0:45), as well as a significant positive correlation between CTX-M and CRO (r=0,33). Similar findings were reported by Rodriguez et al. [45], and Adamus et al. [46], who also noted strong correlations between TEM and CTX. In the United States, Baunoch et al. observed significant correlations between SHV/TEM/CTX-M genes and cephalosporins CAZ and CRO [47]. Eghbalpour et al.'s study in Iran demonstrated significant correlations between ESBLs TEM/CTX-M/SHV and CAZ/CTX [48]. These positive correlations clearly indicate that antibiotic resistance is linked to the presence of ESBL genes. However, some negative correlations observed despite positive ESBL phenotypes suggest that resistance in these isolates may involve other ESBL classes, warranting further investigation.
In summary, this study revealed a high rate of resistance of K. pneumoniae to oxyimino-cephalosporins and identified SHV, TEM, and CTX-M genes as key contributors. Further investigations should also focus on the plasmid contexts of TEM/CTX-M/SHV, in order to better understand the mechanisms of transmission and co-selection. To mitigate the spread of multidrug-resistant organisms, robust measures must be implemented. In suspected urinary tract infections, a cytobacteriological examination of urine with mandatory antibiotic susceptibility testing is recommended. The antibiogram serves as an essential tool for guiding therapeutic decisions by categorizing bacteria as susceptible, intermediate, or resistant, thereby facilitating evidence-based antibiotic therapy and reducing empiric treatments that promote resistance [49]. Additionally, self-medication should be discouraged through stringent regulation of antibiotic availability in both community and hospital settings. Awareness among health authorities, healthcare professionals, and the general population is critical to ensure adherence to these measures [40]. Future research should explore the efficacy of combined β-lactamase inhibitors and other antibiotics against multidrug-resistant bacteria to expand therapeutic options.

CONCLUSION
In conclusion, this analysis highlights the resistance patterns to oxyimino-cephalosporins and the distribution of SHV, TEM, and CTX-M resistance genes in K. pneumoniae. We observed a high prevalence of antibiotic resistance and resistance genes, underscoring the significant burden of antimicrobial resistance. These findings may inform therapeutic decision-making and enhance epidemiological surveillance.
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