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      Abstract


      Uropathogenic extended-spectrum beta-lactamases-producing Enterobacteriaceae (ESBL-PE) remains a global cause of urinary tract infections (UTIs) among hospitalized patients as these enzymes hydrolysing 3rd generation cephalosporin's (3rd GC). Those bacteria may not respond to therapy and thus further limiting antimicrobial selections. This study aimed to detect uropathogenic Enterobacteriaceae producing ESBL genes and their antimicrobial resistance pattern. Hundred and four (n=104) Enterobacteriaceae uropathogens were isolated in (2007-2008), from midstream urine (MSU) samples. In 2019, 54% of the recovered isolates were resistant to 3rd GCs. The presence of ESBL-genes (blaTEM, blaSHV, and blaCTX –M genes) screened by multiplex polymerase chain reaction (PCR). ESBL gene producing isolates were detected among 44.6%, and 36% of the ESBL-producing isolates were harbouring 2 ESBL genes. The common gene was the blaTEM, 40%, followed by 16% blaCTX-M and 8% blaSHV. The most dominant isolate was E. coli 60%, followed by K. pneumonia 36%, and E. aerogenes 4%. This study revealed that blaTEM was the most prevalent ESBL-PE uropathogens before 10 years in our region, although the current ESBL genes is CTX-M types exceeded SHV and TEM as the dominating type, and is thought to involve clonal spread. Our community; needs molecular-based epidemiological studies to report the antimicrobial resistance genes in the Sudan region besides the origin of those genes.
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      Abbreviations


      MSU: Mid-stream urine; GNB: Gram-negative bacteria; ESBL: Extended-spectrum β-lactamase; ESBL-PE: Extended-spectrum β-lactamase producing Enterobacteriaceae; 3rd GC: 3rd generation cephalosporin's; NCCLS: National committee on clinical laboratory standards; CLSI: Clinical laboratory standard institute; UTI: Urinary tract infection; MHA: Mueller Hinton agar; MDR: Multidrug resistance; Escherichia coli: E.coli; Klebsiella pneumoniae: K. pnuemoniae; Enterobacter aerogenes: E. aerogenes; Species: spp


      Introduction


      Enterobacteriaceae member commonly related to hospital acquired UTI infections, mainly catheter-related UTIs. They are caused particularly by Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis isolates with high recurrence rates of increasing antimicrobial resistance among those uropathogens [1,2]. With the wide use of extended-spectrum cephalosporin's antibiotic in the healthcare setting, used as first-line therapy for Enterobacteriaceae UTI, the major worry is the increased reports on the dissemination of Hospital-Acquired UTI with ESBL-producing Enterobacteriaceae (ESBL-PE) that may limit available treatment options, as they contribute significantly to the rapid dissemination of resistant organisms and their genes [3,4]. The ESBLs are a β- lactamase with hydrolytic activity against penicillin's, extended-spectrum cephalosporins, and monobactams, and are inhibited by clavulanic acid. The predominant ESBL genotypes before 2000 were TEM and SHV and produced by Klebsiella spp., Enterobacter spp., and E. coli. Regarding the nature of ESBL dissemination has changed during the past few years, thought Enterobacteriaceae strains express CTX-M as the most common type of ESBLs mainly among E. coli strains [5,6]. They disseminate in isolates from the same species, as well as across different species. The localization of these genes on transmissible elements via horizontal gene transfer, especially the emergence of ESBL-PE, is of great concern due to their limited treatment options. While the spread of ESBL-PE starts to increase in our region due to extensive self-treatment as well as less effective infection control [7], whereas, still there are few available reports on hospital environments. Therefore, the present study aimed to detect the ESBLs genotype producing Enterobacteriaceae and the antimicrobial resistance patterns of clinical isolates associated with UTI among inpatients admitted to the Academy Charity Teaching Hospital (ACTH) in Khartoum State, Sudan. Such data make information available and serve to understand the ESBLs genes distribution in 2008.


      Methods


      Bacterial isolates


      A retrospective study of 56 (54 %) of 3rd GCs resistant Enterobacteriaceae uropathogens isolates was recovered from preserved samples of inpatients with UTI from December 2007 to July 2008, admitted in the urology department of ACTH. An analytical profile index (API 20E-bioMerieux, Marcy-I'Etoile, France) was performed to identify Enterobacteriaceae member to species level for all Enterobacteriaceae uropathogens isolates. Enterobacteriaceae uropathogens counted ≥ 105 colony forming units (CFU)/mL of urine specimens were considered as a significant bacteriuria [8]. The isolates at that time preserved at -80℃. In March-May 2019; for recovery of the 25of phenotypically screened ESBL-producing Enterobacteriaceae uropathogens isolates; the Tryptose Soy Broth (HiMEDIA Laboratories Pvt. Ltd., Mumbai, India) used for re-suspension of the stored isolate, and the isolates were inoculated on MacConkey agar (HiMEDIA Laboratories Pvt. Ltd., Mumbai, India) and incubated for 18-24 h at 37℃.


      Antimicrobial susceptibility test


      Kirby Bauer's technique was done for antimicrobial susceptibility testing of ESBL-PE isolates and interpreted according to the standards from the CLSI (Clinical and Laboratory Standards Institute) [9]. The following antimicrobial agents have tested: cefotaxime (CTX: 30 μg), ceftazidime (CAZ: 30 μg), cefpodoxime (CPD: 10 μg), aztreonam (ATM: 30 μg) as ESBL screening tests. The following antimicrobial agents have tested amikacin (AK: 30 μg), ciprofloxacin (CIP: 25 μg), co-trimoxazole (COT:1.25/23.75 μg), gentamycin (CN: 10 μg) and nitrofurantoin (NIT: 300μg) (Oxoid, UK and Hi Media Laboratories Pvt. Ltd., India).


      Genomic DNA extraction


      The chromosomal DNA was extracted from ESBL-PE bacterial cells by guanidine chloride method [10]; and the concentration and purity of the extracted DNA were determined using NanoDrop-Spectrophotometer (Thermo-scientific, USA) at Central Laboratory, Ministry of High Education and Scientific Research. The chromosomal DNA was Stored at -20℃ for further use.


      PCR amplification of ESBL genes


      The presence of the ESBL genes (blaSHV, blaTEM and blaCTX-M), determined by PCR amplification for those encoding genes by using previously described primers (Table 1). For PCR protocol; 0.5 μl of each the forward and reverse primers (ESBL genes), 5 μl of the bacterial DNA, 8 μl water of injection was added to the 4 μl PCR Master-Mix (5X HOT FIREPol ®Blend Master Mix Ready to Load, Estonia) with a final volume of 20 μl. The reaction mixture as follows: Initial denaturation for 10 min at 94℃ for 1 cycle, then for 30 cycles at 94℃ for 1min, 60℃ for 1 min and 72℃ for 90 sec, final extension step for 5 min at 72℃ [11] by (Aeris Machine Peltier technology Thermo Assist). Then the amplified PCR products were analyzed using 1.5% Agarose gel with 30 μl ethidium bromide in electrophoresis along with a 100bp DNA ladder, by UV transilluminator system (Biometer an analytical Jena company) the gel visualized for presences of genes. Control; E.coli (ATCC 25922) was used as the negative control, PCR confirmed E.coli strain harboring ESBL genes were taken as positive control and nuclease-free waters as a negative control.


      Data analysis


      The Statistical package for social sciences (SPSS-version 21) performed and the significance of the p-value was tested by the chi-square test. In this cross-sectional study, SPSS was used to determine the frequency and percentage of antibiotic resistance-related genes.


      Ethical consideration


      Ethical Consideration: Well verbal informed the participant; as each patient participation was voluntary and anytime had the right to withdraw from the study, and the questionnaire and consent form of the participant's agreement was either sign or stamp (some patients uneducated) on the research tool on the complication of data collection, process, and publication. The research project approved by the research committee (SUMASRI-International Review Board); Faculty of Graduate Studies, University of Medical Sciences and Technology-Khartoum, Sudan.


      Result


      Hundred and four (n = 104) Enterobacteriaceae uropathogens isolated in (2007-2008), from midstream urine (MSU) samples. In 2019, only 56 (54%) of the recovered isolates were resistant to 3rd GCs, and of these 25 (44.6%), were ESBL-PE positive isolates. Figure 1 present the distribution of various Enterobacteriaceae uropathogens isolated species identified by API 20 E.


      Antibiotic resistance pattern


      The drug resistance patterns of 25 (44.6 %) uropathogenic of ESBL-PE positive isolates were observed as cefotaxime, ceftazidime, and co-trimoxazole showed the highest percentages (100%) of resistance among all other antibiotics by the disc diffusion method, followed by nitrofurantoin (92.0%), cefpodoxime and amikacin (72.0%) for each, ciprofloxacin (64.0%) and aztreonam (56.0%). The lowest rate of resistance was observed in gentamicin (36.0%) (Table 2).


      Molecular screening of the ESBL-PE


      The multiplex-PCR of the ESBL genes was performed to understand the most frequent ESBL genes in 2008 in our/region. Out of the 56 (54 %) 3rd GCs resistant Enterobacteriaceae isolates, 25 (44.6%) isolates harboured ESBL-PE genes. The predominating isolate was E. coli 15 (60.0%) followed by K. pneumoniae 9 (36.0%) and E.aerogenes 1(4%). The molecular characterization of the ESBL-PE is listed in Table 3. Molecular characterization of 25 ESBL-PE revealed that 10 (40 %) of them harboured blaTEM genes. Whereas blaCTX-M and blaSHV genes were detected in 4 (16.0%) and 2 (8.0%) of the isolates, respectively. The coexisted ESBL-PE was detected in 9(36 %) of the 3rd GC resistant uropathogens isolates, with (5/25; 20%) blaSHV/blaTEM, followed by (4/25; 16%) blaCTX-M/blaTEM. E. coli and K. pneumoniae uropathogens harboured all three resistance genes (blaTEM, blaCTX-M, and blaSHV), and E.aerogenes harboured only one gene (blaTEM) Figure 2. The Multiplex PCR for the three target ESBL genes is a significant method with a p-value of < 0.01 and chi-square statistic is 60.899.


      Discussion


      Regarding the spread of ESBL-PE in hospitals and their increased antibiotic resistance is alarming, though this situation was essentially unknown and still there is a snowballing of the antimicrobial resistance problem until now it is a critical problem in many countries. Consequently, the molecular characterization of beta-lactamases would be important for the reliable antimicrobial resistance gene identification besides an epidemical survey mainly among uropathogenic isolates as the UTI is a more common infection worldwide. The present retrospective study is on the distribution of uropathogenic ESBL-EP genes and their antimicrobial resistance pattern in the Sudanese population who were admitted to the urology department at ACTH.


      The ESBL-PE antimicrobial resistance pattern in the study shows the resistance is high to commonly used antimicrobial agents used in UTI treatment policy, this finding is almost compared with similar studies around the world [12-17], and revealed that the resistance among ESBL-PE is higher than that of resistance in non-producers uropathogenic. Conversely, low incidences reported in other studies [18-20]. The frequency of resistance patterns among ESBLs-EP isolates can vary by country. It is observed that uropathogenic ESBL-EP isolates showed 100% resistance towards cefotaxime, ceftazidime, and co-trimoxazole, which is a much higher percentage when compared with others finding from [15,20]. Only 8.0% of the isolates were found susceptible to nitrofurantoin and therefore poorly effective. Nevertheless, aztreonam, ciprofloxacin, cefpodoxime, and amikacin can still be used as first-line therapy as considerable they have low resistance against those isolates tested.


      The ESBLs producing gene distributions in the current study; blaTEM enzyme was predominant and the most common ESBL type at that time (40%) followed by blaCTX-M (20%) and blaSHV (8%) similar to those who reported [11,21,22]. The blaTEM variants were the most common ESBLs during the past decade, even though the identified numbers agree with findings in which ESBL enzymes of blaCTX-M and blaSHV type have been represented with a global- like spread pattern at research time [22-24]. Currently, the blaCTX-M genotypes have emerged as prevalent ESBL worldwide type, these increasing blaCTX-M frequency from other studies may be related to high mobilization of the encoding genes as it is transferred via plasmid, increased tenfold in comparison to other classes of beta-lactamase [25]. Concerning the new studies that were done in our region the most prevalent ESBL-gene is CTX-M type confirm that it is replacing SHV and TEM beta-lactamase enzymes theory [7,26,27]. Furthermore, there was an occurrence of ESBL co-producing genes reported in 9 strains of Enterobacteriaceae isolates were including mainly the blaTEM gene with either blaCTX-M or blaSHV, this result is in agreement with findings of [12,14,16,21,27,28] and is considered a frequent disseminated β-lactamases type. In our community, we need to address epidemiological studies and map the spread of antibiotic-resistant organisms throughout hospitals and in community, for a better update of infection prevention and control events.


      Conclusion


      The main finding of our study the blaTEM was the most prevalent β-lactamase followed by blaCTX-M and blaSHV genes produced by uropathogenic Enterobacteriaceae isolates from patients admitted to ATCH in Khartoum state, Sudan (2007-2008). The antimicrobial resistance pattern of ESBL-EP was higher towards cefotaxime, ceftazidime, co-trimoxazole, and nitrofurantoin, besides gentamicin, aztreonam and ciprofloxacin exhibited good in-vitro activity against uropathogenic ESBL-EP. The study highlights the importance of sequencing the entire blaTEM, blaSHV, and blaCTX-M gene types to track the clonal dissemination in our hospital and community for the evolution of the spread of beta-lactamase mediated resistance in the future studies.
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        Figure 1: Frequency and distribution of Enterobacteriaceae isolates (n = 104) from urine samples using API 20 E for identification at species level. View Figure 1

      


      
        Figure 2: 1.5% Agarose gel-electrophoresis result of ESBL genes amplified product of; lane 1: 100 bp DNA ladder; lane 2: blaCTX-M gene; lane 3: Negative control; lane 4-6: blaCTX-M & blaTEM gene; lane 7: blaTEM gene; lane8: Negative ESBL gene. View Figure 2
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        Table 2: Antimicrobial resistance pattern of 25 ESBL-PE uropathogenic isolates from UTI inpatients at ATCH in Khartoum state, Sudan. View Table 2
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