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Abstract



The production of β-lactamase enzymes such as metallo β-lactamases (MBLs) is one of the most distributed resistance mechanisms engineered by Gram-negative bacteria towards β-lactam antibiotics. MBLs confer on bacteria the ability to hydrolyze and become resistant to the carbapenems such as imipenem. This study was aimed at isolating and detecting the production of MBLs from Klebsiella species that emanated from anal swabs of cow in a local abattoir A total of 31 anal swab samples were bacteriologically analyzed for the isolation of Klebsiella species which were identified using standard microbiological techniques. Antimicrobial susceptibility testing was carried out using the modified Kirby- Bauer disk diffusion method on Mueller-Hinton agar plates. The isolated Klebsiella species was screened for MBL production by determining their susceptibility to the carbapenems and this was confirmed using the EDTA-inhibition-based assay for phenotypic detection of MBLs. A total of 18 Klebsiella species was isolated from the cow anal swab samples.


The Klebsiella species were resistant to oxacillin (100%), cefoxitin (77.8%), ceftriaxone (44.4%), cefotaxime (50%), and ceftazidime (38.9%). They also showed resistance to the carbapenems including ertapenem (88.9%), imipenem (22.2%) and meropenem (83.3%). However, the isolated Klebsiella species showed susceptibility to ciprofloxacin (38.9%), ofloxacin (72.2 %), gentamicin (88.9%) and amikacin (83.3%).Out of the 18 isolates, only 2 (11.1%) isolates of Klebsiella species were phenotypically confirmed to produce MBLs. The production of MBLs by Klebsiella species in the community portend serious public health concern since these organisms are resistant to the carbapenems (used as last line antibiotics for treating serious infections). Efficient detection and sustainable intervention protocol to control the emergence and spread of antibiotic resistant bacteria in the community are necessary to contain this dilemma.
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Introduction



The current surge in the emergence and spread of microbial resistance in the community has impacted negatively on the most important discoveries of modern medicine. Antibiotics has over the years saved untold number of people from morbidity and mortality due to infectious diseases, but this important discovery of modern medicine is under threat due to microbial resistance which now occur in hospital and non-hospital environment. The emergence of carbapenem-resistant Gram-negative bacteria in both the community and hospital environments constitutes an alarming development in the field of infectious disease management and control [1-4]. This menace portends with major public health implications since they jeopardize the clinical significance of potent antibiotics used to treat serious infections. Metallo-β-lactamases (MBLs) which belong to class B beta-lactamase of Ambler classification are enzymes that hydrolyze and confer on bacteria the exceptional ability to resist the antimicrobial action of the carbapenems such as imipenem and meropenem [5].





They require divalent cations of zinc as cofactors for enzyme activity, and thus the activity of these enzymes are usually inhibited in vitro by chelating agents such as ethylenediamine tetra-acetic acid (EDTA). MBLs have potent hydrolyzing activity not only against the carbapenems but also against other (β-lactam antibiotics [6]. The increase in antibiotic resistance among bacteria, most notably Klebsiella species by the production of β-lactamases has led to the increased use of carbapenem antibiotics. However, most strains of this organism are resistant to the carbapenems since they produce MBLs. Klebsiella species typically cause opportunistic infections in soft tissues, wounds, urinary tract and in the blood stream [7]. They cause community and hospital acquired infections in human and therefore poses challenges to the public health. Antimicrobial resistance in Klebsiella species has become increasingly prevalent, and this has been partly attributed to the efflux pump, decreased outer membrane permeability and production of beta-lactamase enzymes by this organism.




Microbes develop resistance to antimicrobial agents following mutation and selective pressure imposed on them by the incessant use of antibiotics [8]. Resistance to carbapenems among these bacteria remains remarkably rare in most countries. However, the situation still remains unreported in many parts of the developing world where access to quality healthcare is still poor. More intensive efforts are urgently required to elucidate the epidemiological and infection control issues related to multidrug resistant organisms and to improve measures aimed at stopping their emergence and spread in any environment. The use of antibiotics in the rearing and production of livestock and poultry birds as well as in other veterinary purposes has contributed significantly to the emergence and spread of drug resistant bacteria in the community. In this study, attempts have been made to characterize phenotypically the occurrence of Klebsiella species producing MBLs from abattoir samples.



Methodology




Collection and processing of samples: A total of 31 samples were collected from the anal region of cows from a local abattoir in Abakaliki metropolis, Ebonyi State, Nigeria using sterile swab sticks. Samples were collected by inserting a sterile swab stick into the anal region of cow at a depth of 3cm deep and rotated at 360 °C. Samples were transported to the Microbiology Laboratory Unit of Ebonyi State University, Abakaliki, Nigeria for bacteriological analysis. Each of the samples were inserted into test tubes containing 5 ml double strength nutrient broth (Oxoid, UK) and the tubes were loosely covered with cotton wool, and incubated at 30oC for 18-24 hrs.


Bacterial isolation



Loopfuls of the turbid suspension in the nutrient broth tubes were aseptically cultured on freshly prepared eosin methylene blue (EMB) and MacConkey agar (Oxoid, UK) plates, and incubated at 30 °C for 18-24hrs. Culture plates showing bacterial growth were aseptically sub-cultured onto freshly prepared EMB and MacConkey agar plates for the isolation of pure cultures of Klebsiella species. Klebsiella species produces non-mucoid, non-lactose fermenting colonies on MacConkey agar and non- metallic sheen colonies on EMB. All isolated Klebsiella species was identified using standard microbiological methods [9].



Antibiotic susceptibility testing


Antibiogram was done on Mueller-Hinton (MH) agar (Oxoid, UK) plates by Kirby-Bauer disk diffusion method according to Clinical Laboratory Standard Institute (CLSI) criteria [10]. Single antibiotic disks (Oxoid,UK) comprising imipenem (10μg), meropenem (10μg), ertapenem (10μg), amikacin (30μg), ofloxacin (5μg), ceftazidime (30μg), ceftriaxone (30μg), cefotaxime (30μg), ciprofloxacin (30μg), oxacillin (1μg), cefoxitin (30μg), and gentamicin (10μg) were used for antimicrobial susceptibility testing. The susceptibility plates were incubated at 30°C for 18-24hrs and the zones of inhibition diameter was measured and reported according to CLSI criteria [10].



Screening for the presence of MBLs



The susceptibility of the test isolates to the carbapenems was evaluated by the Kirby-Bauer disk diffusion method as per the CLSI criteria. MBL-producing isolates was suspected when the test organism(s) was resistant to any of the carbapenems (imipenem and meropenem). As per the CLSI criteria, isolates showing inhibition zone diameter (IZD) of ≤23mm were suspected to produce MBL enzymes and these isolates were subjected to phenotypic confirmation test [3,10].


Phenotypic detection of MB



MBL production was phenotypically evaluated by the inhibition-based assay using EDTA [3]. The test bacteria isolates (adjusted to 0.5 MacFarland turbidity standards) were aseptically swabbed on MH agar plates, and imipenem (10|ig) and meropenem (10μg) disks impregnated with EDTA (0.5μg) was aseptically placed on the MH agar plates. Supplementary imipenem (10μg) and meropenem (10μg) disks without EDTA were also placed alongside antibiotic disks impregnated with EDTA. Antibiotic disks were placed 20mm apart, and all the plates were incubated at 30 °C for 18-24hrs. A difference of ≥7mm between the zones of inhibition of any of the carbapenem disks tested alone compared to disks with EDTA infers MBL production phenotypically [3,5].


Results




Table 1: Isolation rate of Klebsiella species.
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Key: + = positive, - = negative, n = number of isolates, % = percentage


This study phenotypically evaluated the anal swabs of cow from a local abattoir for the presence of MBL-positive Klebsiella species. Bacterial isolation and biochemical characterization show that a total of 18 (58.1%) isolates of Klebsiella species was isolated from the 31 anal swab samples bacteriologically analyzed in this study (Table 1). The result of antimicrobial susceptibility testing of the Klebsiella species isolates to some commonly used antibiotics is shown in Table 2.




The isolated Klebsiella species showed high resistance to oxacillin (100%), ertapenem (88.9%), cefoxitin (77.8%), ceftriaxone (44.4%), imipenem (22.2%), cefotaxime (50%), ciprofloxacin (38.9%), and ceftazidime (38.9%). However, the isolated Klebsiella species showed susceptibility to meropenem (83.3%), ofloxacin (72.2%), gentamicin (88.9%) and amikacin (83.3%). Amikacin and gentamicin are both aminoglycosides, and they showed better inhibitory activity against the Klebsiella species isolated in this study (Table 2). Table 3 shows the frequency of MBL-positive Klebsiella species in this study. Out of the 18 isolates of Klebsiella species evaluated for the phenotypic production of MBLs, only 2 (11.1%) isolates of Klebsiella species produced MBLs by the inhibition-based assay used in this study. 






Table 2: Antimicrobial susceptibility of 18 isolates if Klebsiella species.
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Table 3: Occurrence of MBL-positive Klebsiella species.
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 Discussion




Antibiotic resistance within the non-hospital environment is an emerging public health threat that has put the efficacy of some available antimicrobial agents at risk and this phenomenon is due in part to the misuse of antibiotics for both human and non-human purposes. Klebsiella species is responsible for a handful of both community-acquired and nosocomial infections and this Gram-negative bacterium is notoriously resistant to some commonly available antibiotics. This study determined the antimicrobial susceptibility profile of Klebsiella species isolated from the anal swabs of cow from a local abattoir, and the production of metallo β-lactamases (MBLs) was phenotypically detected in the Klebsiella species isolates. Our bacteriological analysis shows that a total of 18 isolates of Klebsiella species was isolated from 31 anal swab samples analyzed in this study. Klebsiella species is a member of the Enterobacteriaceae family and they are commonly found in the gastrointestinal tract of warm blooded animals, from where they contaminate the environment through feacal contamination.


This organism is considered an important human pathogen and the number of reports on the isolation of species of this genus, from both hospital and a community sample is on the increase [11-14]. The isolated Klebsiella species in this study showed varying levels of susceptibility and resistance to the antibiotics tested. All the Klebsiella species were completelty resistant to oxacillin (100%). They also showed reduced susceptibility to the carbapenems, imipenem (22%) and ertapenem (88.9%). The Klebsiella species were also resistant to the cephalosporins used in this study including cefoxitin (77.8%), ceftriaxone (44.4%), cefotaxime (50%) and ceftazidime (38.9%). All the isolated Klebsiella species showed reduced susceptibility to the flouroquinolones, ciprofloxacin and ofloxacin at the rate of 38.9% and 72.2% respectively. However, meropenem, gentamicin and amikacin had better inhibitory activity against the Klebsiella species at the rates of 83.3%, 88.9%, and 83.3% respectively. Elsewhere, Klebsiella species has been reported to also show varying rates of resistance and susceptibility to the cephalosporins, flouroquinolones and the aminoglycosides [15].



The undue use of antibiotics for growth promotion and prevention of diseases in farm animals has impressed selective pressures that induce more resistance among bacteria in the community. Out of the 18 isolates of Klebsiella species phenotypically screened for the production of metallo β-lactamase (MBL), only 2 isolates were positive for the production of this enzyme. The other 16 isolates of Klebsiella species did not express MBL phenotypically by the method we used. The production of MBL is this study is similar to a previous study conducted by Yusuf et al. [16] in which MBL was detected in Klebsiella species from hospital origin. However, the prevalence of MBL-producing Klebsiella species in this study (11.1%) is lesser than that reported by Yusuf et al. [16]. 


Enwuru et al. [17] also reported a higher prevalence of MBL- producing Klebsiella species from both clinical and community samples in their study. Also in a recent study conducted in Japan, Okazaki et al. [18] reported the occurrence of K. pneumoniae positive for MBL production in a non-hospital environment. We have previously reported the occurrence of MBL-producing Klebsiella species from poultry birds - in which 5 (41.7%) isolates out of 24 isolates of Klebsiella species produced MBL phenotypically [19]. This shows the impact of antibiotic misuse in the community. We have demonstrated in this study that Klebsiella species from anal swabs of cow produce MBLs phenotypically. This organism is endowed with the ability to be resistant to the carbapenems. Therefore, the detection of multidrug resistant bacteria from community and hospital samples in this region should be given a boost in order to assuage the emergence and spread of MBL-producing bacteria through the food chain.



 Conclusion


Conclusively, this study has presumptively reported the occurrence of Klebsiella species with multidrug resistance from anal swabs of cow. The Klebsiella species also expressed MBL phenotypically. The use of antibiotics unduly in the rearing and production of farm animals contributes a great deal to the emergence and spread of antibiotic resistant bacteria in the community through selective pressure. Antibiotic residues in food-producing animals can cause drug resistant bacteria to emerge, and be transmitted to humans via the food chain. It is therefore vital to curtail and if possible stop the use of antibiotics as growth promoting agents in agricultural practices.
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