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        Abstract



        
          Background:


          Acinetobacter baumannii strains resistant to carbapenems are a global public health problem.

        


        
          Objectives:


          The aim of the present study is to evaluate the prevalence of genetic fingerprints associated with Metallo β-lactamases in A. baumannii in addition to the clonal diversity of A. baumannii in Makkah and Al-Madinah regions of Saudi Arabia, which receive a high number of international visitors.

        


        
          Methods:


          Multi-antibiotic resistant A. baumannii isolates were investigated. Bacterial isolation was conducted employing a basic bacteriological technique after confirming the ID of isolates. The antimicrobial susceptibility test was carried out using the Vitek 2 compact system. The molecular clonal diversity of the isolates was determined by Pulse Field Gel Electrophoresis (PFGE). Clusters were analyzed with BioNumerics software version 6.5. Dice coefficient was used for calculating the similarities.

        


        
          Results:


          The results indicated resistance in 82.5% of A. baumannii isolates against the carbapenems. All the isolates were found to be sensitive to colistin, while 5% of isolates were resistant to tigecycline. The screening of carbapenem-resistant A. baumannii isolates showed that the dissemination of imipenem and meropenem resistance was 81 and 84%, respectively, while the majority of the strains were susceptible to tigecycline and colistin. The blaOXA and blaVIM were the most encountered genes in A. baumannii isolates, while ISAba1 was the prominent insertion sequence. The genetic fingerprinting results (PFGE) revealed two types of epidemic clones: monoclonal and polyclonal models of 17 clusters.

        


        
          Conclusion:


          The current investigation indicates the diversity in genetic fingerprints of carbapenem-resistant A. baumannii in Makkah and Al-Madinah region of Saudi Arabia, and that two types of epidemic clones are present. It has also been demonstrated that such clones create serious infection dissemination to other parts of the world as heavy pilgrimage traffic is received throughout the year in Makkah and Al-Madinah, especially in the Haj season.
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      1. INTRODUCTION


      Infections resulting from Acinetobacter baumannii continue to receive global attention by researchers, more so as such infections have become extremely difficult to treat. These infectios have led to an increase in the literature available globally, which aims to conduct the molecular analysis of the bacterium in order to better understand the antimicrobial resistance exhibited by A. baumannii [1]. Generally, settings associated with infections of Acinetobacter include the following: ICUs acquired infections by patients, those from other healthcare settings, community-acquired as well as those resulting in trauma patients [2]. Moreover, infections are commonly associated with immunocompromised as well as immunosuppressed patients [3].


      The 21st century witnesses the threat of a possible pre-antibiotic era due to the evolution of multi-antibiotic resistant bacteria. In terms of susceptibility to existing antibiotics, the resistance of A. baumannii has progressively increased since the 1970s, differing among the geographical regions of countries, hospitals, medical departments, and clinical samples [3]. Multi-antibiotic resistance includes resistance to the carbapenems, as reported globally by researchers [4-6]. The mechanism of resistance by A. baumannii to antimicrobials has been receiving attention from researchers leading tomuch available literature on the genomics and evolutionary aspects of carbapenem-resistant A. baumannii [6-8]. Understanding the differences in clonal strains can help understand variability in pathogenicity and mortality, with the possibility of a subsequent curb on the spread of resistance genes [9]. The production of Metallo-β-lactamases (MBLs) is one of the primary causes of resistance to β-lactam antibiotics [10]. A wide range of β-lactamases that contribute to carbapenem resistance in Saudi Arabia have received continuous attention along with IMP-like, SIM-like and VIM-like carbapenemases reported in A. baumannii [11]. The available literature attributes antimicrobial resistance exhibited by this bacterium to a diverse number of genetic determinants, of which OXA-23, OXA-40 and OXA-51 β-lactamases are the most commonly reported genes [1]. The dominance of blaOXA23 and blaOXA-40 has been reported for carbapenem-resistant A. baumannii from the Gulf Cooperation Council States (GCC) [12]. The MBLs genes are located on integrons, and thus, can be transmitted from one bacterial species to another [2, 13]. In fact, the rise in multi-antibiotic resistant phenotypes is due to the acquisition of mobile genetic elements (MGEs), such as integrons (Int) and genomic islands (GEIs) [14]. The evolution of high levels of multi-antibiotic resistance in A. baumannii over the years is attributed to a number of factors, such as the intrinsic carriage of resistance genes by the bacterium as well as being able to acquire resistance genes through genetic elements from other bacteria [15-17]. There are different types of integrons, with class 1 reported to be the most commonly associated with the spread and emergence of multi-antibiotic resistance [18]. The class 1 integron and its associated cassettes are the main contributors to the multi-antibiotic resistance exhibited by A. baumannii isolates globally [19]. However, molecular analysis of CRAB isolates from the region focused in the present study with origins from different states shows different clones to be clustered together, implying the transference of genes responsible for multi-antibiotic resistance [12].


      Colistin remains the last line antibiotic available for treating multi-antibiotic resistant gram-negative bacterial infections. There are, however, periodic global reports of resistance to colistin, thus pointing at strains that are resistant to all available antibiotics [7]. Plasmid-mediated colistin resistance gene has been isolated from E. coli in GCC countries between 2012 and 2016 [20, 21]. Thus, there is the possibility that colistin might soon fail to be the last line of drug choice. There is a high rate of research investigations and reporting on multi-antibiotic resistant A. baumannii originating from hospitals in Saudi Arabia, highlighting the public health problem faced globally and regionally by multi-antibiotic resistant gram-negative bacteria inclusive of A. baumannii [1].

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Bacteria Isolates and Antimicrobial Susceptibility


        Thirty-seven Acinetobacter baumannii isolates collected from patients in the western region of Saudi Arabia (Makkah and Al-Madinah) were used for the investigation. All bacterial samples in this investigation were identified phenotypically as well as genotypically. Identification of strains as Acinetobacter baumannii complex as well as minimum inhibitory concentration (MIC) of imipenem, meropenem, tigecycline, and colistin were determined by using the VITEK 2 compact system (BioMerieux, Marcy L Etoile, France) with the GN ID and Antibiotic Susceptibility Testing (AST) cards, according to the guidelines of the manufacturer.


        The presence of blaOXA−51−like, blaOXA−23−like and blaOXA−40−like genes was detected by PCR reactions using specific primers. Production of a blaOXA−51−like amplicon confirmed the species identification. ATCC 19606 A. baumannii was used as a positive control, while molecular grade water was used as a negative control in PCR assays to detect contamination.


        The presence of acquired metallo-β-lactamase genes (MBLs) of the blaIMP, blaVIM, blaSIM, blaSPM and blaGIM families and the insertion sequences ISAba1, ISAba2, ISAba3, and IS18 in the isolates were screened by PCR using consensus primers.


        The molecular typing of the isolates was carried out by PFGE using the CHEF-RDII apparatus (Bio-Rad). The methodology is as earlier described by AlSultan et al. [22], Evans et al. [23], and Miranda et al. [24], according to the guidelines of the manufacturers. All the A. baumannii clinical isolates were typed by PFGE analysis in the following way. DNA obtained from bacteria was digested using the ApaI restriction endonuclease (Promega), and DNA fragments were separated on 1 % agarose gel in 0.5× TBE buffer using the CHEF-RDII apparatus (Bio-Rad). Pulse time of 3–35 s at a field strength of 6 Vcm−1 at 14 °C for 24 h was used. The gel was stained by ethidium bromide, and the digital images were captured by Gel doc2000 (Bio-Rad). All isolates were analysed using Bionumerics software version 6.5. Isolates that clustered together with a similarity of greater than 85 % were considered as belonging to the same PFGE type.

      


      
        

        2.2. Data Analysis


        Data are represented as percentage frequency, and statistical analysis has been conducted using SPSS 23. Chi-square test was used to test the association of drug resistance between and within the groups. Statistical significance was set at p<0.05.

      

    


    
      

      3. RESULTS


      
        

        3.1. Isolates and Antimicrobial Susceptibility


        Of the total 37 A. baumannii isolates, 25 (68%) were from the Al-Madinah district, while 12 (32%) of the isolates were from the Makkah district of Saudi Arabia.


        
          Table 1 Percentage susceptibility of A. baumannii isolates to antimicrobial agents.


          
            
              
                	District

                	Antimicrobial agents [n, %]
              


              
                	Imipenem

                	Meropenem

                	Tigecycline

                	Colistin
              


              
                	S

                	I

                	R

                	S

                	I

                	R

                	S

                	I

                	R

                	S

                	I

                	R
              

            

            
              
                	Al-Madinah

                (n=25)

                	2 (8)

                	2 (8)

                	21 (84)

                	0 (0)

                	3 (12)

                	22 (88)

                	23 (92)

                	0 (0)

                	2 (8)

                	25 (100)

                	0 (0)

                	0 (0)
              


              
                	Makkah

                (n=12)

                	3 (25)

                	0 (0)

                	9 (75)

                	2 (17)

                	1 (8)

                	9 (75)

                	12 (100)

                	0 (0)

                	0 (0)

                	12 (100)

                	0 (0)

                	0 (0)
              


              
                	Total (%)

                (n=37)

                	5 (14)

                	2 (5)

                	30 (81)

                	2 (5)

                	4 (11)

                	31 (84)

                	35 (95)

                	0 (0)

                	2 (5)

                	37 (100)

                	0 (0)

                	0 (0)
              

            
          


          
            S = Sensitive; I = Intermediate; R = Resistant.
          


        


        The results presented in Table 1 show the antimicrobial susceptibility of all groups of isolates against tested antimicrobials.


        84% and 88% resistance to imipenem and meropenem, respectively, was observed to be exhibited by A. baumannii isolated from patients in Al- Madinah. For A. baumannii isolated from patients in Makkah, there was a 75% resistance observed to both imipenem as well as meropenem. A 100% sensitivity to colistin and tigecycline was seen to be exhibited by the A. baumannii isolates from Makkah. However, there was an 8% resistance observed to tigecycline of the isolates from Al-Madinah. There was, however, a 100% sensitivity observed of all isolates to colistin (Table 1).

      


      
        

        3.2. Molecular Genotyping (PFGE)


        In this study, the fingerprints of genomes of A. baumannii strains were compared following digestion with the restriction enzyme Apa1 and the restriction analysis of the generated fragments has been conducted as reported by Seifert et al. [25]. PFGE typing was used to analyze 37 clinical isolates of A. baumannii obtained from various deep-site infections of different patients located in different major hospitals in Western Saudi Arabia.


        The clustering results by PFGE for Acinetobacter baumannii isolates from Al-Madinah and Makkah districts are presented in Figs. (1 and 2), respectively. Each dendrogram for the districts details the sample ID code, the patient's age and gender. Also included are the presence or absence of transferable OXA-23, OXA-40, and the insertion sequences ISAba1, ISAba2, ISAba3, and IS18. The results of five Metallo β-lactamases (VIM, SIM, GIM, IMP, and SPM) for each A. baumannii isolate from both of the districts are also included in the respective dendrograms (Figs. 1 and 2).


        The discrimination power of the PFGE technique was expressed by the dice coefficient with (BioNumeric) software system version 6.5. All detected PFGE patterns showed a genetic fingerprinting similarity coefficient ranging from 63.5% to 100%; however, all samples with a similarity of 85% and more were considered to compromise the same genetic fingerprint. In the Al-Madinah district (Fig. 1), the PFGE clones clustered into 10 groups from A to J. The genetic fingerprints grouped into A, C and D consisted of 17 different strains. The fingerprinting groups A and C comprised 6 strains each, while the fingerprinting group D possessed 5 strains. Each group consisted of 2 subgroups (A1, A2), (C1, C2) and (D1, D2), respectively. The other 7 groups B, E, F, G, H, I and J consisted of a single clone each, as shown in Fig. (1).


        In Makkah district (Fig. 2), the PFGE clones were clustered into 7 groups from A to G. The genetic fingerprinting groups C and E compromised 7 strains, group C comprised 4 strains in 3 sub-groups C1, C2 and C3, whereas group E possessed 3 strains in 2 sub-clusters, E1 and E2. The remaining five groups A, B, D, F and G comprised single clone each, as shown in Fig. (2).

      


      
        

        3.3. Statistical Analysis of the Gene Expression


        Among the OXA carbapenemases, the OXA-23 was more prevalent (56.7%) among the isolates than OXA-40 (5.4%) from this western region of Saudi Arabia. There was an overall 11% coexistence of OXA-23 and OXA-40 among the A. baumannii isolates from both the districts of Makkah and Al-Madinah, and the difference was not statistically significant (p<0.05) (Table 2).


        Of the three classes of insertion sequences (ISAba 1, 2, and 3), the most frequently encountered was ISAba1, with an overall percentage of 84%. The carriage of ISAba1 was high at 83% and 84% for isolates from Makkah and Al-Madinah, respectively. Insertion sequences ISAba2 and ISAba3 were less with a 5.4% of each detected in the isolates from Al-Madinah only. The sequence IS18 was absent in all the A. baumannii isolates from this Western region of Saudi Arabia. The coexistence of ISAba1 and ISAba2 was seen in 8% of A. baumannii isolates from Al-Madinah alone, while there was no coexistence of ISAba2 and ISAba3 (Table 2). The absence of ISAba1, ISAba2, and ISAba3 was found in 2 (17%) of the isolates from Makkah and 3 (12%) of the isolates from Al-Madinah. Also, of the five investigated MBL (VIM, SIM, GIM, IMP, and SPM) genes, only VIM and SPM were detected, with VIM being predominant at 97% than the SPM carriage of 57% in the isolates, as shown in Table 2. Twenty-one (57%) of the total A. baumannii isolates were found to involve both VIM and SPM Metallo β-lactamase genes (Table 2).


        [image: ]
Fig. (1)

        Dendrogram showing the results of dice coefficient in Al-Madinah district based on PFGE of restricted DNA fragments of 25 clinical isolates of A. baumannii, and the relationship between the isolates. The broken line corresponds to the cut-off level (85%) used to define single clones. Dotted squares mark the boundaries of clusters A, C, D and J. IMIP, imipenem; MER, meropenem; TIG, tigecycline; COL, colistin; R, resistant; S, susceptible; I, intermediate.

        [image: ]
Fig. (2)

        Dendrogram showing results of dice coefficient in Makkah district based on PFGE of restricted DNA fragments of 12 isolates of A. baumannii from patients, and the relationship between the isolates. The broken line corresponds to the cut-off level (85%) used to define single clones. Dotted squares mark the boundaries of clusters C and E. IMIP, imipenem; MER, meropenem; TIG, tigecycline; COL, colistin; R, resistant; S, susceptible; I, intermediate.

        
          Table 2 Comparison of molecular characterization of Acinetobacter baumannii isolates from Makkah and Al-Madinah districts.


          
            
              
                	Genotype Expression

                	Number of Isolates, n (%)
              


              
                	-

                	Makkah (n=12)

                	Al-Madinah (n= 25)

                	Total Number of Isolates (n= 37)
              

            

            
              
                	OXA-23

                	4 (33.3%)

                	17 (68%)

                	21 (56.7%)
              


              
                	OXA-40

                	0 (0)

                	2 (8%)

                	2 (5.4%)
              


              
                	Isolates with both

                OXA-23 and OXA-40

                	3 (25%)

                	1 (4%)

                	4 (11%) (0.8501) †
              


              
                	Absence of both

                OXA-23 and OXA-40

                	5 (41.7%)

                	5 (20)

                	10 (27) (0.8240) †
              


              
                	ISAba 1

                	10 (83)

                	21(84)

                	31 (84) (0.6307) †
              


              
                	ISAba 2

                	0 (0)

                	2 (8)

                	2 (5.4)
              


              
                	ISAba 3

                	0 (0)

                	2 (8)

                	2 (5.4)
              


              
                	Co-existence of

                ISAba 1 and ISAba 2

                	0 (0)

                	2 (8)

                	2 (5.4)
              


              
                	Co-existence of

                ISAba 2 and ISAba 3

                	0 (0)

                	0 (0)

                	0 (0)
              


              
                	Absence of ISAba 1,

                ISAba 2 and ISAba 3

                	2 (17)

                	3 (12)

                	5 (13.5)
              


              
                	VIM

                	12 (100)

                	24 (96)

                	36 (97)
              


              
                	SPM

                	7 (58)

                	14 (56)

                	21 (57)
              


              
                	Co-existence of VIM and SPM

                	7 (58)

                	14 (56)

                	21 (57)
              

            
          


          
            † The statistical comparison of OXA-23, OXA-40 and IS elements in Makkah and Al Madinah districts. No statistical significance was seen at p<0.05.
          


        

      

    


    
      

      4. DISCUSSION


      Antimicrobial resistance to A. baumannii has led to significant challenges associated with treating infected patients, especially those who are immunocompromised. Excluding effective therapy, like carbapenem antibiotics, leaves the options of treatment very limited. In the current study, A. baumannii isolates obtained from the Western District of Saudi Arabia were examined to elaborate the prevalence of genetic fingerprinting associated with metallo β-lactamases and the clonal diversity in such busy districts with international visitors. The significant difference in resistance to both imipenem and meropenem by isolates indicates that the isolates are of different strains, and also that A. baumannii isolates in circulation carry different genes having multi-antibiotics resistance to the carbapenems. Comparable to these results are those of earlier studies that reported a clonal diversity in Acinetobacter baumannii isolates in hospitalized ICU patients in other regions of Saudi Arabia [22]. They reported a 92% and 96% resistance by the ICU isolates against imipenem and meropenem, respectively. The 82.5% carbapenem resistance seen in patients in this study, although less than that of their earlier report [22], points out that there are clones of A. baumannii in the Western2 district of Saudi Arabia that are different in terms of the carriage of resistance gene strains. On the other hand, the 2014 study for ICU isolates could explain the 92% and 96% imipenem and meropenem resistance, while the isolates in this study were not from ICU in origin. Therefore, the differences could be a result of the different regions of the isolate’s origin and associated patient risk factors, such as whether the patient had an extended stay in the hospital or otherwise. The 86% CRAB for the Al-Madinah district encountered in the present report is contrary to those studies that reported a 100% resistance each to meropenem and imipenem for isolates from hospitalized patients [25, 26]. This, while pointing again to clonal differences in the Western district of Saudi Arabia, also calls for intense and close monitoring of CRAB isolates in the region. In the present report, for the Makkah district, imipenem as well as meropenem resistance was found to be 75%. The result shows a rise in resistance to these antibiotics as compared with reports from other researchers. Previously, the percentage resistance to imipenem for Makkah district for the years 2004 to 2005 was found to be at 14% [27]. This percentage in resistance rose to 45.9% between 2005 and 2006 [28]. For meropenem, from a reported 28% resistance covering the years 2005 and 2006, there was an increase in resistance to 64% by A. baumannii by the year 2015 for Makkah district [29]. Reports while differing do point that high CRAB isolates in circulation in these western districts of Saudi Arabia carry different clones.


      The most prominent insertion sequence in the A. baumannii isolates from this Western region of Saudi Arabia was found to be ISAba1 (84%). This insertion sequence has also been found to be the most prevalent in other studies [30] though differing in percentages as previously reported. Al Sultan et al. [22] and Villalo´n et al. [30] recorded a prevalence of 90.6% (Saudi Arabia) and 93.2% (Spain), respectively. Regardless of differences in percentages, these insertion elements contribute to the ability of A. baumannii to be resistant to the carbapenems [31]. In the present study, the genetic fingerprinting similarity in PFGE was found to be very high, at 87.4 -100%. The genetic fingerprinting diversity revealed two models of epidemic clones: monoclonal and polyclonal. The monoclonal type was the most common fingerprinting gene and affected 11 patients in both districts. This type of clonal outbreak was caused by one or more epidemic clones. On the other hand, the polyclonal strains affected 26 patients in both districts. Patients harbored six polyclones out of 17 different clones, four of which (A, C, D and J) were detected in the Al-Madinah district, while the remaining polyclonal models (C and E) were detected in the Makkah district. Detection of such pathogenic clones could mean an explosive outbreak at an unexpected time. Makkah and Al-Madinah districts are very busy and always crowded with local and international visitors that can lead to a very quick clonal transmission not only from one patient to another, but also from one district to another, as well as to a distant country. The admixture and out-of-control transmission of A. baumannii have been well documented [32-34]. The reports mentioned above and those of the present findings show that there has to be a continuous and close monitoring, generally of Gram-negative bacteria and their resistance to available antimicrobials in Saudi Arabia, in order to meet with global and regional requirements of continuous surveillance aimed at control.


      One limitation of this study is that low number of isolates (37 isolates) have been reported. Although a large number of samples were screened, duplicates were frequently encountered. All duplicates were excluded from the study.

    


    
      

      CONCLUSION


      The problem of the evolving difficult-to-treat A. baumannii infection carrying multi-antibiotic resistance genes is highlighted in the present study. The significant difference in resistance to both imipenem and meropenem by isolates indicates that the isolates are of different strains, and also A. baumannii isolates in circulation carry different genes having multi-antibiotic resistance to the carbapenems. The current investigation indicates the diversity of genetic fingerprinting of carbapenem-resistant A. baumannii in Western Saudi Arabia, in addition to the capability of such clones to create serious infection dissemination to many cities in Saudi Arabia and the rest of the world. The continuous surveillance of a wide range of antimicrobial-resistant genes is especially required for cities of Makkah and Al-Madinah, considering the heavy pilgrimage traffic that is received throughout the year in these regions, especially in the Haj season.

    

  


  
    
      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      Not applicable.

    


    
      HUMAN AND ANIMAL RIGHTS


      Not applicable.

    


    
      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      AVAILABILITY OF DATA AND MATERIALS


      The data that supports the findings of this study is available with in the article.

    


    
      FUNDING


      This research was funded by King Abdulaziz City for Science and Technology (KACST), grant number BIO-1093-06-10.

    


    
      CONFLICT OF INTEREST


      The author declares no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    The author would like to thank King Faisal University for its support. The author also acknowledgesthe following: Dr. Lorina Badger-Emeka for the critical review of the article write up, Dr. P. Emeka for his help with statistical analysis, and Dr. Ghazala Muteeb and Dr. Yousif Elmosaad for the great help and support. The author also shows gratitude to Mr. Hani Alrasasi, Mr. Hani Alfarhan, Mrs. Hajar Al-Dohilan, Mrs. Nouf Al-Homaini, Abdulqader Abouli, and Fatemah Al Najar for their technical assistance.


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Ibrahim M.E.. Prevalence of Acinetobacter baumannii in Saudi Arabia: risk factors, antimicrobial resistance patterns and mechanisms of carbapenem resistance., Ann. Clin. Microbiol. Antimicrob.. 2019; 18(1): 1.

        [CrossRef] [PubMed]
      


      
        	[2]

        	Falagas M.E., Karveli E.A.. The changing global epidemiology of Acinetobacter baumannii infections: a development with major public health implications., Clin. Microbiol. Infect.. 2007; 13(2): 117-119.

        [CrossRef] [PubMed]
      


      
        	[3]

        	Antunes L.C., Visca P., Towner K.J.. Acinetobacter baumannii: evolution of a global pathogen., Pathog. Dis.. 2014; 71(3): 292-301.

        [CrossRef] [PubMed]
      


      
        	[4]

        	Keen E.F.I.I.I. III, Murray C.K., Robinson B.J., Hospenthal D.R., Co E.M., Aldous W.K.. Changes in the incidences of multidrug-resistant and extensively drug-resistant organisms isolated in a military medical center., Infect. Control Hosp. Epidemiol.. 2010; 31(7): 728-732.

        [CrossRef] [PubMed]
      


      
        	[5]

        	Mera R.M., Miller L.A., Amrine-Madsen H., Sahm D.F.. Acinetobacter baumannii 2002-2008: increase of carbapenem-associated multiclass resistance in the United States., Microb. Drug Resist.. 2010; 16(3): 209-215.

        [CrossRef] [PubMed]
      


      
        	[6]

        	Kempf M., Rolain J.M.. Emergence of resistance to carbapenems in Acinetobacter baumannii in Europe: clinical impact and therapeutic options., Int. J. Antimicrob. Agents. 2012; 39(2): 105-114.

        [CrossRef] [PubMed]
      


      
        	[7]

        	Cai Y., Chai D., Wang R., Liang B., Bai N.. Colistin resistance of Acinetobacter baumannii: clinical reports, mechanisms and antimicrobial strategies., J. Antimicrob. Chemother.. 2012; 67(7): 1607-1615.

        https://www.ncbi.nlm.nih.gov/pubmed/22441575[CrossRef] [PubMed]
      


      
        	[8]

        	Evans B.A., Hamouda A., Amyes S.G.. The rise of carbapenem-resistant Acinetobacter baumannii., Curr. Pharm. Des.. 2013; 19(2): 223-238.

        [CrossRef] [PubMed]
      


      
        	[9]

        	Eveillard M., Soltner C., Kempf M., Saint-André J.P., Lemarié C., Randrianarivelo C., Seifert H., Wolff M., Joly-Guillou M.L.. The virulence variability of different Acinetobacter baumannii strains in experimental pneumonia., J. Infect.. 2010; 60(2): 154-161.

        [CrossRef] [PubMed]
      


      
        	[10]

        	Noori M., Karimi A., Fallah F., et al. High prevalence of metallo-beta-lactamase producing Acinetobacter baumannii isolated from two hospitals of Tehran, Iran., Arch. Pediatr. Infect. Dis.. 2014; 2(3): e15439.

        [CrossRef] Available from: https://pdfs.semanticscholar.org/8f3a/8a601eaf94c95e7ad8d8025237b7c394d165.pdf
      


      
        	[11]

        	Abdalhamid B., Hassan H., Itbaileh A., Shorman M.. Characterization of carbapenem-resistant Acinetobacter baumannii clinical isolates in a tertiary care hospital in Saudi Arabia., New Microbiol.. 2014; 37(1): 65-73.

        [PubMed] Available from: http://www.newmicrobiologica.org/PUB/allegati_pdf/2014/1/65.pdf
      


      
        	[12]

        	Zowawi H.M., Sartor A.L., Sidjabat H.E., Balkhy H.H., Walsh T.R., Al Johani S.M., AlJindan R.Y., Alfaresi M., Ibrahim E., Al-Jardani A., Al Salman J., Dashti A.A., Johani K., Paterson D.L.. Molecular epidemiology of carbapenem-resistant Acinetobacter baumannii isolates in the Gulf Cooperation Council States: dominance of OXA-23-type producers., J. Clin. Microbiol.. 2015; 53(3): 896-903.

        [CrossRef] [PubMed]
      


      
        	[13]

        	Maragakis L.L., Perl T.M.. Acinetobacter baumannii: epidemiology, antimicrobial resistance, and treatment options., Clin. Infect. Dis.. 2008; 46(8): 1254-1263.

        [CrossRef] [PubMed]
      


      
        	[14]

        	Mitra DS, Elaheh FS, Yosef Y, Soraya K, Abazar P, Ramazan R. Integron-mediated antibiotic resistance in Acinetobacter baumannii isolated from intensive care unit patients, Babol, North of Iran., Hindawi Biomed Res Int.. 2017[CrossRef] Article ID 7157923
      


      
        	[15]

        	Deng Y., Bao X., Ji L., Chen L., Liu J., Miao J., Chen D., Bian H., Li Y., Yu G.. Resistance integrons: class 1, 2 and 3 integrons., Ann. Clin. Microbiol. Antimicrob.. 2015; 14: 45.

        [CrossRef] [PubMed]
      


      
        	[16]

        	Leite G.C., Oliveira M.S., Perdigão-Neto L.V., Rocha C.K., Guimarães T., Rizek C., Levin A.S., Costa S.F.. Antimicrobial combinations against pan-resistant Acinetobacter baumannii isolates with different resistance mechanisms., PLoS One. 2016; 11(3): e0151270.

        [CrossRef] [PubMed]
      


      
        	[17]

        	Martins N., Picão R.C., Adams-Sapper S., Riley L.W., Moreira B.M.. Association of class 1 and 2 integrons with multidrug-resistant Acinetobacter baumannii international clones and Acinetobacter nosocomialis isolates., Antimicrob. Agents Chemother.. 2015; 59(1): 698-701.

        [CrossRef] [PubMed] Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4291415/
      


      
        	[18]

        	Hossein G., Mehdi A., Sima S.S., Hadi A., Alireza S.C., Vahid F.O., Mehdi G.. Characterization of integrons and associated gene cassettes in Acinetobacter baumannii strains isolated from intensive care unit in Tehran, Iran., J. Acute Dis.. 2015; 5(5): 386-392.

        [CrossRef]
      


      
        	[19]

        	Gillings M.R.. Integrons: past, present, and future., Microbiol. Mol. Biol. Rev.. 2014; 78(2): 257-277.

        [CrossRef] [PubMed]
      


      
        	[20]

        	Liu Y.Y., Wang Y., Walsh T.R., Yi L.X., Zhang R., Spencer J., Doi Y., Tian G., Dong B., Huang X., Yu L.F., Gu D., Ren H., Chen X., Lv L., He D., Zhou H., Liang Z., Liu J.H., Shen J.. Emergence of plasmid-mediated colistin resistance mechanism MCR-1 in animals and human beings in China: a microbiological and molecular biological study., Lancet Infect. Dis.. 2016; 16(2): 161-168.

        [CrossRef] [PubMed]
      


      
        	[21]

        	Sonnevend Á., Ghazawi A., Alqahtani M., Shibl A., Jamal W., Hashmey R., Pal T.. Plasmid-mediated colistin resistance in Escherichia coli from the Arabian Peninsula., Int. J. Infect. Dis.. 2016; 50: 85-90.

        [CrossRef] [PubMed]
      


      
        	[22]

        	Alsultan A.A., Aboulmagd E., Evans B.A., Amyes S.G.B.. Clonal diversity of Acinetobacter baumannii from diabetic patients in Saudi Arabian hospitals., J. Med. Microbiol.. 2014; 63(Pt 11): 1460-1466.

        [CrossRef] [PubMed]
      


      
        	[23]

        	Evans B.A., Hamouda A., Towner K.J., Amyes S.G.. OXA-51-like beta-lactamases and their association with particular epidemic lineages of Acinetobacter baumannii., Clin. Microbiol. Infect.. 2008; 14(3): 268-275.

        [CrossRef] [PubMed]
      


      
        	[24]

        	Miranda G., Kelly C., Solorzano F., Leanos B., Coria R., Patterson J.E.. Use of pulsed-field gel electrophoresis typing to study an outbreak of infection due to Serratia marcescens in a neonatal intensive care unit., J. Clin. Microbiol.. 1996; 34(12): 3138-3141.

        [CrossRef] [PubMed] Available from: https://www.ncbi.nlm.nih.gov /pmc/articles/PMC229471/
      


      
        	[25]

        	Seifert H., Schulze A., Baginski R., Pulverer G.. Comparison of four different methods for epidemiologic typing of Acinetobacter baumannii., J. Clin. Microbiol.. 1994; 32(7): 1816-1819.

        [CrossRef] [PubMed]
      


      
        	[26]

        	El-Ageery S.M., Abo-Shadi M.A., Alghaithy A.A., Ahmad M.A., Alsharif N.H., Alharbi S.A.. Epidemiological investigation of nosocomial infection with multidrug-resistant Acinetobacter baumannii., Eur. Rev. Med. Pharmacol. Sci.. 2012; 16(13): 1834-1839.

        [PubMed] Available from: https://www.ncbi.nlm.nih.gov/pubmed/23208968
      


      
        	[27]

        	Asghar A.H.. Frequency and antimicrobial susceptibility patterns of bacterial pathogens isolated from septicemic patients in Makkah hospitals., Saudi Med. J.. 2006; 27(3): 361-367.

        [PubMed] Available from: https://www.ncbi.nlm.nih.gov/pubmed/16532098
      


      
        	[28]

        	Asghar A.H., Faidah H.S.. Frequency and antimicrobial susceptibility of gram-negative bacteria isolated from 2 hospitals in Makkah, Saudi Arabia., Saudi Med. J.. 2009; 30(8): 1017-1023.

        [PubMed] Available from: https://www.ncbi.nlm.nih.gov/pubmed/19668881
      


      
        	[29]

        	Haseeb A., Faidah H.S., Bakhsh A.R., Malki W.H., Elrggal M.E., Saleem F., Rahman S.U., Khan T.M., Hassali M.A.. Antimicrobial resistance among pilgrims: a retrospective study from two hospitals in Makkah, Saudi Arabia., Int. J. Infect. Dis.. 2016; 47: 92-94.

        [CrossRef] [PubMed]
      


      
        	[30]

        	Villalón P., Valdezate S., Medina-Pascual M.J., Carrasco G., Vindel A., Saez-Nieto J.A.. Epidemiology of the Acinetobacter-derived cephalosporinase, carbapenem-hydrolysing oxacillinase and metallo-β-lactamase genes, and of common insertion sequences, in epidemic clones of Acinetobacter baumannii from Spain., J. Antimicrob. Chemother.. 2013; 68(3): 550-553.

        [CrossRef] [PubMed]
      


      
        	[31]

        	Lee K., Yong D., Jeong S.H., Chong Y.. Multidrug-resistant Acinetobacter spp.: increasingly problematic nosocomial pathogens., Yonsei Med. J.. 2011; 52(6): 879-891.

        [CrossRef] [PubMed] Available from: https://www.ncbi.nlm.nih.gov/pubmed/22028150
      


      
        	[32]

        	Coelho J.M., Turton J.F., Kaufmann M.E., Glover J., Woodford N., Warner M., Palepou M.F., Pike R., Pitt T.L., Patel B.C., Livermore D.M.. Occurrence of carbapenem-resistant Acinetobacter baumannii clones at multiple hospitals in London and Southeast England., J. Clin. Microbiol.. 2006; 44(10): 3623-3627.

        [CrossRef] [PubMed]
      


      
        	[33]

        	Manikal V.M., Landman D., Saurina G., Oydna E., Lal H., Quale J.. Endemic carbapenem-resistant Acinetobacter species in Brooklyn, New York: citywide prevalence, interinstitutional spread, and relation to antibiotic usage., Clin. Infect. Dis.. 2000; 31(1): 101-106.

        [CrossRef] [PubMed]
      


      
        	[34]

        	Dijkshoorn L., Aucken H., Gerner-Smidt P., Janssen P., Kaufmann M.E., Garaizar J., Ursing J., Pitt T.L.. Comparison of outbreak and nonoutbreak Acinetobacter baumannii strains by genotypic and phenotypic methods., J. Clin. Microbiol.. 1996; 34(6): 1519-1525.

        [CrossRef] [PubMed]
      

    

  


  

OEBPS/Images/TOMICROJ-15-145_F2.jpg
Makkah district OA  ISAbo IS Metallo Blactamase  MIC's

Genetic fingerprinting.
Bleig e D Mesocllon 20 123 18 vusmommesy weusne co TP
FATAF + - +-- - + ---+ RR § 8 Clone A
MRANYA + + +- - - » - + R R S S Clone
F RANVA. 1o ik om o ) = o = IR S 18
MRANYA + + +- - - + - - RR S s} i
M RANYA o & i 31 fes i 515 % B R B 1§ gz OemeC
M ORANYA =, 5 o @ om-0 % RIR 88 c3
W ALTAF ¢ = %o s # s SRR s s Cloned
B MAGOR 1 e e T s AR e e :
M RANYA + - 3 B e + RR 8 s} Bl Conee |
F_JEDDAH . 4 i + 6.8 6 8 E2 i
M JEODAH - T el - & 58 Clone
NDMOS 43 F JEDDAH + 4 - - - - & - - . . R R § § Clone G





OEBPS/Images/TOMICROJ-15-145_F1.jpg
Ak-Madinah district

oA mics
ot 238 o, Genetic fingerprinting
WOMHS, = D e o B o 15 sonie s
AMADNUH:S: . # im o @ ) v e e -
AMDNHS = & o o = % + 0 o o s
AMDNAH + = 4 - - o 4 - - 4 s Clone A
MMONMH < ¢ 5 e o ¥ o s
AMADNAH + =4I e Clone B
PR N i G g
AMDNAH # « & o o o % o ow o s [scL
ALMADINAH + = ¢ 4 = = 4 - =« .« 4 s Clone C
AWDNI Y 2 € B A e W s
B e 55, G s B D g en s €
G Gk oo B g T s
Pi e s §
Sl AR bt ions S o1
B Sl kit 3 Clone D
s e R s ek s
2] e
5 R R s Gone £
ol # oo e # s Rake s Clone F
© i & Bon o B 85 5 B e s Clone 6
2 X gt i o4 a2 s Clone H
“ S A O O + S Clonel
& TEES S B g R % s






OEBPS/Images/tomicroj.jpg
ISSN: 1874-2858

The Open
Microbiology

Journal P —

Prevalence of High-Risk Antibiotic Resistant

Q Acinetobacter baumannii in the
D | Holy Cities of Makkah and Al-Madinah

v
BENTHAM OPEN





