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Background

Carbapenem-resistant Acinetobacter baumannii (CRAB) has emerged as a predominant strain of healthcare-associated infections worldwide, particularly in intensive care units (ICUs). Therefore, it is imperative to study the molecular epidemiology of CRAB in the ICUs using multiple molecular typing methods to lay the foundation for the development of infection prevention and control strategies. This study aimed to determine the antimicrobial susceptibility profile, the molecular epidemiology and conduct homology analysis on CRAB strains isolated from ICUs.





Methods

The sensitivity to various antimicrobials was determined using the minimum inhibitory concentration (MIC) method, Kirby-Bauer disk diffusion (KBDD), and E-test assays. Resistance genes were identified by polymerase chain reaction (PCR). Molecular typing was performed using multilocus sequence typing (MLST) and multiple-locus variable-number tandem repeat analysis (MLVA).





Results

Among the 79 isolates collected, they exhibited high resistance to various antimicrobials but showed low resistance to levofloxacin, trimethoprim-sulfamethoxazole, and tetracyclines. Notably, all isolates of A. baumannii were identified as multidrug-resistant A. baumannii (MDR-AB). The blaOXA-51-like, adeJ, and adeG genes were all detected, while the detection rates of blaOXA-23-like (97.5%), adeB (93.67%), blaADC (93.67%), qacEΔ1-sul1 (84.81%) were higher; most of the Ambler class A and class B genes were not detected. MLST analysis on the 79 isolates identified five sequence types (STs), which belonged to group 3 clonal complexes 369. ST1145Ox was the most frequently observed ST with a count of 56 out of 79 isolates (70.89%). MLST analysis for non-sensitive tigecycline isolates, which were revealed ST1145Ox and ST1417Ox as well. By using the MLVA assay, the 79 isolates could be grouped into a total of 64 distinct MTs with eleven clusters identified in them. Minimum spanning tree analysis defined seven different MLVA complexes (MCs) labeled MC1 to MC6 along with twenty singletons. The locus MLVA-AB_2396 demonstrated the highest Simpson’s diversity index value at 0.829 among all loci tested in this study while also having one of the highest variety of tandem repeat species.





Conclusion

The molecular diversity and clonal affinities within the genomes of the CRAB strains were clearly evident, with the identification of ST1144Ox, ST1658Ox, and ST1646Oxqaq representing novel findings.
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Introduction

CRAB has emerged as a significant contributor to healthcare-associated infections (HAIs) worldwide, particularly in intensive care units (ICUs; Blanco et al., 2018; Busani et al., 2019; Chen et al., 2019). A study conducted by He et al. (2020) revealed a significantly higher rate of sputum isolation of Carbapenem-Resistant Acinetobacter baumannii (CRAB) in ICUs compared to non-ICUs. Moreover, there has been an observable upward trend in the resistance rate of CRAB. Similarly, several reports have indicated that sputum specimens account for approximately 80% of CRAB isolates in ICUs, with CRAB constituting over half of all carbapenem-resistant Gram-negative bacilli. Consequently, effectively managing and treating CRAB infections in ICUs poses a global challenge (Jiang et al., 2022). The colonization, infection, transmission, and drug resistance mechanisms of CRAB in ICUs warrant a more systematic investigation (Tomczyk et al., 2019; Jiang et al., 2022). Therefore, comprehensive studies on the molecular epidemiology and genetic characteristics of CRAB in ICUs will serve as a crucial foundation for implementing preventive and control measures against CRAB infections in these settings.

Many variations in antibiotic resistance genes (ARGs) and CRAB molecular typing have been observed across different countries and regions (Liu and Liu, 2021; Wang et al., 2021). In addition to oxacillinase genes (Ambler class D β-lactamases, e.g., blaOXA-23-like), CRAB isolated from ICUs has also shown the presence of aminoglycoside-modifying enzyme (AME)-encoding genes and AdeABC efflux pump genes (Mavroidi et al., 2017; Chen et al., 2018a; Khalil et al., 2021). An increasing number of studies have focused on drug resistance mechanisms and the homology of CRAB in ICUs, particularly in developing nations (Maamar et al., 2018; Zhang et al., 2021; Odih et al., 2022).

The Multilocus sequence typing (MLST) method remains the conventional and widely employed approach for assessing genetic diversity and investigating epidemiology (Dekker and Frank, 2016; Nutman and Marchaim, 2019). It facilitates the tracking of sequence types (STs) and outbreaks while providing insights into microbial evolution (Hammerum et al., 2015). The corresponding cluster analysis based on STs also offers several advantages, including ease of interpretation and the ability to create hierarchical groupings of isolates. Furthermore, it provides a comprehensive overview of isolate relatedness and interconnectivity within defined clusters (Maiden, 2006).

In alternative typing methods, multiple-locus variable-number tandem repeat analysis (MLVA) offers high resolution, data portability, and intra-laboratory reproducibility (Johnson et al., 2016). Both MLVA and MLST approaches enable the identification of clonal lineages and investigation of genetic diversity among clinical A. baumannii clones (Hauck et al., 2012).

The primary objective of the present study was to conduct an in-depth analysis of antimicrobial resistance, molecular epidemiology, and phylogenetic relationships among clinical isolates of CRAB obtained from ICUs. This investigation provides foundation for the assessment and control of HAIs and epidemics.





Materials and methods




Study site

The study was conducted at the First People’s Hospital of Zunyi (Third Affiliated Hospital of Zunyi Medical University), a university-affiliated teaching hospital located in Zunyi, Guizhou Province, southwestern China. With a capacity of 2500 beds, this hospital annually provides medical care to over 60,000 inpatients and more than 1 million outpatients.





Bacterial isolates and identification

From September 2018 to the end of July 2021, a total of 79 non-duplicate CRAB isolates were obtained from hospitalized patients at the First People’s Hospital of Zunyi. These clinical specimens were exclusively collected from the respective intensive care units (ICU).

All nonduplicated A. baumannii isolates were confirmed using Matrix-Assisted Laser Desorption/Ionization Time of Flight Mass Spectrometry (MALDI-TOF-MS) technology provided by Bio-Mérieux, France.





Antimicrobial susceptibility testing

A VITEK®2 compact automatic bacterial detection and analysis system (Bio-Mérieux, France) was employed for drug sensitivity testing. Bacterial susceptibility to extended-spectrum cephalosporins (piperacillin, ceftazidime, and cefepime), enzyme-inhibitor complexes (ampicillin/sulbactam, piperacillin/tazobactam, and cefoperazone/sulbactam), aminoglycosides (gentamicin, tobramycin, amikacin), carbapenems (imipenem and meropenem), folate pathway inhibitors (trimethoprim-sulfamethoxazole), fluoroquinolones (ciprofloxacin and levofloxacin), as well as tetracyclines (doxycycline, minocycline, tigecycline) were analyzed in this study. Confirmation tests were conducted using the E-test assays alongside the Kirby-Bauer method.

The strains of Escherichia coli (ATCC® 25922), Pseudomonas aeruginosa (ATCC® 27853), Staphylococcus aureus (ATCC® 25923), Enterococcus faecalis (ATCC® 29212) and Streptococcus pneumoniae (ATCC® 49619) were procured from the clinical testing center of the National Health Commission for quality control purposes in the antimicrobial susceptibility test. The interpretation of antimicrobial susceptibility results was conducted according to CLSI M100-S31 guidelines, while the MICs of tigecycline were interpreted based on FDA MIC break-point standards available at http://www.fda.gov.

As previously mentioned (Kumburu et al., 2019), CRAB isolates were classified as multidrug-resistant (MDR: non-susceptibility to more than one agent in three or more classes of antibiotics), extensively drug-resistant (XDR: non-susceptibility to one or more agents in all but one or two classes), or pandrug-resistant (PDR: non-susceptibility to representative agents of all classes).





DNA preparation

The strains were cultured by streaking onto blood agar culture plates and incubated overnight for 16-18 hours. Subsequently, single colonies were transferred to an EP tube containing 1 mL of TE buffer, vigorously shaken, and thoroughly mixed. The mixture was then subjected to heat treatment at 100°C in a water bath for 30 minutes, followed by cooling at -20°C for another 30 minutes. After complete thawing at room temperature, the sample was centrifuged at 12,000 rpm for 10 minutes. Finally, the supernatant (100 µL) was stored at -20°C for further use (Gomaa et al., 2017).





Identification of genes associated with antimicrobial resistance

The focus of this study is on the analysis of the carbapenem-resistant genome, encompassing class A (blaTEM, blaKPC-like, blaGES, blaSHV, and blaCTX-M-9), class B (blaIMP, blaVIM, blaNDM, and blaSIM), class C (blaADC), and class D (blaOXA-23-like, blaOXA-51-like, blaOXA-24-like, blaOXA-58-like) (Xu and Xu, 2021; Zhu et al., 2022). Various types of resistance genes were selected for analysis, including aminoglycoside resistance gene (ant (3”)-I and aac (3”)-I), Efflux pump gene (adeB, adeG, adeJ), Disinfectant gene (qacEΔ1-sul1), Integron resistance gene (Intl1) (Zhou et al., 2020).

Polymerase chain reaction (PCR) testing was used to detect the presence of target genes in the isolates. The PCR products were subjected to analysis using 2% agarose gel electrophoresis followed by sequencing and comparison with sequences in GenBank. The experimental primer sequences were synthesized with positive products being sequenced by BGI tech solutions (BEIJING LIUHE Co., Ltd).





Multilocus sequence typing

The MLST genotyping was conducted by sequencing seven gene loci (gltA, gyrB, gdhB, recA, cpn60, gpi, and rpoD) according to the method described previously (Bartual et al., 2005). The PCR products were sequenced by the BGI tech solutions. DNA sequence variations and STs were analyzed using the MLST database for A. baumannii. The Oxford scheme was employed for MLST analysis as described before (https://pubmlst.org/organisms/acinetobacter-baumannii).

STOxs were grouped into clonal complexes (CCs) if they shared at least 5 identical alleles (single [SLV] or double locus variants [DLV]) with another member of the group using goeBURST online tool (Francisco et al., 2009).

All STOxs in ZunYi isolates were compared to all STOxs from China by the goeBURST online for relationship analysis (http://eburst.mlst.net)(Ribeiro-Goncalves et al., 2016).





Multiple loci VNTR analysis

Based on the MLVA-8 scheme method, each isolate was identified by determining the number of repeats at each VNTR locus. A total of 8 VNTR loci were carefully selected and evaluated using a validation panel consisting of 79 isolates (Pourcel et al., 2011). Oligonucleotide primers specifically targeting the flanking regions of S-repeat VNTRs (Abaum3468, Abaum0845, Abaum0826, and Abaum2396) as well as L-repeat VNTRs (Abaum3,530, Abaum3002, Abaum2240, and Abaum1988) were employed for amplifying genomic DNA from A. baumannii. The size of the amplicon was determined using ImageLab v5.2 image analysis software (Bio-Rad, United States). To estimate the number of repeats in VNTR alleles for each isolate, we subtracted the flanking region size from the amplicon size and then divided it by the repeat unit length (Nhu et al., 2014). The numbers of TRs at each locus were combined together to form a unique combination that defined an original MLVA type (MT).

The MLVA clustering of all isolates was performed using the unweighted pair group method with arithmetic mean (UPGMA) in NTsys V2.10e software. A cutoff value of 90% similarity was applied to define clusters, and the MLVA type (MT) was determined using a 100% similarity cutoff. PCR conditions and characteristics of VNTRs were described previously (Nhu et al., 2014; Maleki et al., 2022). The MTs were analyzed using Phyloviz V2.2 software. The clustering of MLVA profiles was conducted using a categorical coefficient (Francisco et al., 2012; Nascimento et al., 2017; Dahyot et al., 2018).

The discriminatory ability of the two typing methods and their combination were evaluated using Simpson’s diversity index (DI)40 with confidence intervals (CI), which were calculated online at http://www.comparingpartitions.info/?link=Tool (Grundmann et al., 2001; Severiano et al., 2011).






Results




Epidemiology of CRAB infection

From September 2018 to July 2021, a total of 79 non-duplicated CRAB isolates were isolated from patients, with 25 isolates (31.6%) obtained from females and 54 isolates (68.4%) obtained from males. The mean age of the patients was 58.9 years (range: 0.1-92). These isolates were collected from various clinical specimens, including sputum specimens (69;87.34%), wound secretions (5;6.33%), vascular catheters (2;2.53%), urine samples (2;2.53%), and blood cultures (1;1.27%). All the isolates were isolated from eight ICUs: branch intensive care unit (Branch ICU) accounted for only two cases (2/79 = 2·5%); cardiopulmonary intensive care unit (CPICU), one case (1/79 = 1.3%); emergency intensive care unit (EICU), nine cases (9/79 = 11.4%); general intensive care unit (ICU), twenty-three cases (23/79 = 29.1%); neurological intensive care unit (NICU), thirty-two cases (32/79 = 40.5%); pediatric intensive care unit (PICU), three cases (3/79 = 3.8%); respiratory intensive care unit (RICU), four cases (4/79 = 5.1%); surgical intensive care units (SICUs) had five cases in total (5/78 = 6.3%).





In vitro antimicrobial susceptibility

The results demonstrated that tigecycline exhibited a sensitivity rate of 93.67% (MICs ranging from 0.25 to 2 μg/ml), while all non-sensitive A. baumannii isolates displayed MICs in the range of 4 to 8 μg/ml for tigecycline. Additionally, a resistance rate of 100% was observed for piperacillin, Ampicillin/sulbactam, imipenem, gentamicin, ciprofloxacin, ceftazidime, and piperacillin/tazobactam. Furthermore, the non-sensitivity rates to other antibiotics were ≥ 56.96%, with cefepime (100%), cefoperazone/sulbactam sodium (100%), levofloxacin (100%), doxycycline (97.47%), meropenem (94.94%), amikacin (93.67%), tobramycin (91.14%), trimethoprim-sulfamethoxazole (73.42%) and minocycline(56.96%) being notable examples as shown in Table 1. The intermediary and sensitivity rates of tigecycline were found to be 2.53% and 93.67%, respectively, based on antibiotic susceptibility testing results. Out of the 79 CRAB isolates screened, all were identified as MDR.


Table 1 | The antimicrobial resistance profiles of 79 carbapenem-resistant Acinetobacter baumannii (CRAB) isolates.







The prevalence of drug resistance genes

The blaOXA-51-like, adeJ, and adeG genes were detected in all 79 CRABs. The detection rates of other drug resistance genes were as follows: blaTEM (64.56%), blaADC (93.67%), qacEΔ1-sul1 (84.81%), blaOXA-23-like (97.5%), intl1 (72.5%), ant (3”)-I (62.03%), aac (3”)-I (58.23%), adeB (93.67%), as presented in Table 2. The majority of the genes belonging to class A and class B were not detected in the samples analyzed in this study. Analysis results obtained from GenBank revealed consensus rates ranging from 98% to 100%.


Table 2 | Detection of main drug resistance genes on 79 isolates of CRAB.







MLST genotyping

The MLST analysis of the 79 isolates revealed the presence of 5 distinct sequence types (STs). Subsequently, the sequencing results for these 79 isolates were uploaded to the database and assigned accession numbers ranging from 6163 to 6241 (https://pubmlst.org/organisms/acinetobacter-baumannii). ST1145Ox was the most frequently ST (56, 70.89%), followed by ST1417Ox (17, 21.52%), ST1658Ox (3, 3.80%), ST1646Ox (2, 2.53%) and ST1144Ox (1, 1.27%). MLST analysis identified ST1145Ox and ST1417Ox among the isolates with non-sensitive tigecycline, As shown in Figure 1 (Maleki et al., 2022). A minimal spanning tree, encompassing 55 groups and 129 individual instances, was constructed based on all sequence types (STs) in China. These five STs are classified within group 3, clonal complex 369 (CC369), which represents the largest cluster (Figure 2). Specifically, four STs (ST1144Ox, ST1145Ox, ST1417Ox, and ST1646Ox) were grouped under branch CC1417, while ST1658 was assigned to branch CC381. The GenBank database information provided is accurate as of July 30th, 2023.




Figure 1 | Dendrogram of the genetic diversity among 79 CRAB isolates. ZY 1, isolate number 1; S1, singleton 1; TGC, tigecycline; MIC, minimum inhibitory concentration; The MLVA allelic profile represents each isolate’s number of repeats in the VNTR allele.






Figure 2 | Genetic relationship of the majority A. baumannii isolates in China. The genetic relationship of the majority A. baumannii isolates in China was analyzed using goeBURST, highlighting 5 specific sequence types (STs) indicated by the red line.



The Simpson’s diversity index (DI) was subsequently computed for each of the 7 loci to assess their discriminatory capacity. Among these, the Oxf_gpi locus exhibited the highest DI value (0.455), indicating a greater variety of alleles present. The details are shown in Table 3.


Table 3 | Genetic Characteristics of the CRAB isolates.







MLVA genotyping and clustering

By employing the MLVA assay, a total of 79 isolates were classified into 64 distinct MTs. Among these, 39 MTs consisted of only one isolate each, while the three predominant MTs were identified as MT7 (n=5), MT9 (n=3), and MT49 (n=3). The level of diversity in the number of VNTRs varied across different VNTR loci. Notably, MLVA-AB_826 exhibited the most significant observed variation in tandem repeat (TR) size, ranging from 6 to 21 repeats. Similarly, the TR size for MLVA-AB_2396 ranged from 8 to 21 repeats, whereas for MLVA-AB_0845 it spanned from 9 to 17 repeats (Table 3).

Using the UPGMA algorithm, a total of 11 MLVA clusters (cluster I to XI) and 4 singleton genotypes (S1 to S4) were identified with a cutoff value of 62% similarity. The majority of isolates belonged to cluster I (n=25) and cluster III (n=8), respectively. Additionally, most MTs were classified into cluster I (n=15 MTs; Figure 1). For the minimum spanning tree analysis, this study identified a total of 7 distinct MLVA complexes (MCs, MC1 to 7) and 20 singletons (Figure 3). Notably, two of these complexes, namely MC1 (comprising 19 MTs and representing 29 isolates) and MC2 (consisting of 7 MTs with 7 corresponding isolates), exhibited significant predominance. Finally, Simpson’s diversity index (DI) was calculated for each of the 8 loci to assess their discriminatory power. Regarding the DI value, MLVA combined 5 loci (MLVA-AB_3530/3002/2240/1988/3468) with low discriminatory power (DI < 0.5), along with 3 highly discriminant locus (MLVA-AB_826/845/2396), in this study. Notably, the MLVA-AB_2396 locus exhibited the highest DI value (0.829), accompanied by one of the greatest numbers of tandem repeats.




Figure 3 | Minimum spanning tree of the 79 CRAB isolates typed by MLVA. The minimum spanning tree was constructed based on the multiple-locus VNTR analysis (MLVA) results of the 79 CRAB isolates using a categorical coefficient. Each circle represents an MLVA type. Gray zones around circles delineate MLVA complexes (MCs). MCs are also indicated in characters; e.g., MC1 denotes MLVA complex 1.








Discussion

CRAB is increasingly emerging as a prominent etiological factor of HAIs among diverse bacteria, particularly in intensive care units (ICUs) (Blanco et al., 2018; Tomczyk et al., 2019; Jiang et al., 2022). Retrospective studies have demonstrated significantly higher rates of CRAB isolation from sputum samples in ICUs compared to non-ICUs, with CRAB accounting for over 50% of carbapenem-resistant Gram-negative bacteria (Lazureanu et al., 2016; He et al., 2020). Over the past two decades, there has been an upward trend in the prevalence of clinical isolates of A. baumannii exhibiting CRAB strain characteristics (https://www.chinets.com/Data/GermYear). The present study delineated the resistance spectrum and molecular phenotypes of CRAB in this region exhibited limited variation.

All 79 CRAB isolates showed different resistance patterns to various antimicrobial agents, exhibiting resistance phenotypes to multiple antimicrobial drugs and low resistance rates to tigecycline, with intermediate and susceptibility rates of 2.53% and 93.67%, respectively. These findings are consistent with previous reports from other parts of China (Xu and Xu, 2021; Zhu et al., 2022). However, the drug non-resistance rates of levofloxacin and minocycline were high in this region, 60.76% and 73.42%, respectively. Together with previous reports (Poulikakos et al., 2014; AI et al., 2018), suggesting the possibility of combining carbapenems or other antibiotics with levofloxacin or minocycline may provide a promising treatment option for patients with multidrug-resistant infections.

Numerous mechanisms and genetic determinants contribute to the extensive resistance of CRAB against multiple antibiotics. The predominant mechanisms of drug resistance in CRAB involve the production of Ambler Class C ampC enzyme and Ambler class D oxacillinase enzymes, with blaOXA-23-like and blaOXA-51-like being the most prevalent genes responsible for class D-mediated CRAB resistance (Qian et al., 2015; Ibrahim, 2019; Say Coskun et al., 2019; Wang et al., 2021). However, no ARGs related to blaOXA-24-like or blaOXA-58-like were identified, contrasting with several previous reports (Chen et al., 2018b; Kiddee et al., 2018; Ejaz et al., 2021). Despite regional variations in ARG profiles among CRAB strains, both blaOXA-23-like and blaOXA-51-like hold significant positions as key components.

Meanwhile, no ARGs of ambler class A β-lactamases (blaKPC-like, blaGES, blaSHV, blaCTX-M-9) and Ambler class B metallo-ß-lactamases (blaIMP, blaVIM, blaNDM, blaSIM) were detected except for the presence of blaTEM(64.56%). TEM-type β-lactamases belong to broad-spectrum enzymes that primarily hydrolyze third-generation cephalosporins and their encoding genes are commonly located on the TNL sequence of plasmid transposons which exhibit frequent horizontal transfer events. Moreover, international reports indicate carrier rates around 30% (Maamar et al., 2018; Odih et al., 2022).

Currently, qacEΔ1-sull is one of the most prevalent genes in the qac gene family of disinfectant resistance genes (Hamidian and Nigro, 2019), and the detection rate of qacEΔ1-sull in this study was 84.81%. It is through the action of integrons (e.g., intl1) that the qacEΔ1-sull gene can be transmitted between AB strains, but the detection rate of the qacEΔ1-sull gene is lower than that of the integron resistance gene, also reflecting that this is not the only pathway. Also, the qacEΔ1-sull gene can exhibit resistance by associating the expression of multiple efflux pump genes within the pathogenic bacteria. The mechanism of CRAB resistance is very sophisticated. In addition to the production of β-lactamases, there are mechanisms such as reduction of outer membrane permeability, alteration of drug targets, overexpression of efflux pumps, and biofilm production. As (Mavroidi et al., 2017; Chen et al., 2018a; Khalil et al., 2021), research on biofilm and efflux pump genes of CRAB strains isolated from ICUs has been intensified, and related studies have gradually gained importance; reports also indicate that high level of expression of efflux pump genes has a significant impact on the expression of drug-resistant phenotypes of A. baumannii.

Tigecycline has emerged as one of the last resort antibiotics for treating CRAB infections in ICUs due to the increasingly limited options available (Lin et al., 2020). A notable phenomenon is the emergence of CRAB strains with a G variant mutation that confers resistance to tigecycline (Maleki et al., 2022), indicating potential changes in the population structure of Acinetobacter baumannii. An increasing number of researchers are integrating CRAB’s resistance mechanisms and homology into their investigations (Jiang et al., 2022). Literature details reveal that most studies on the molecular characterization of CRAB in intensive care units (ICUs) have been conducted in developing countries. Variations in antimicrobial resistance genes (ARGs) and molecular typing of CRAB exist across different countries, regions, general wards, and ICUs.

In this current study, all tigecycline non-susceptible strains were exclusively classified under the predominant ST1145Ox and ST1417Ox. The presence of A. baumannii ST1145Ox has been documented in Qingyuan, Guangdong, China (Xu et al., 2020), but all isolates belong to non-CRAB strains and tigecycline susceptible strains. The ST1145Ox CRAB strains, in contrast, was exclusively identified during a CRAB outbreak within the acute care area of a general hospital in Hong Kong, China (Lee et al., 2022). The occurrence of these two reported cases in such close proximity is remarkably significant. This phenomenon is perhaps characterized by a particular geographical feature precisely because of the proximity of this territory to the two places mentioned above as well. The only documented case of ST1417Ox CRAB originating from humans was identified in Thailand, with the isolation of just two strains (Singkham-In and Chatsuwan, 2018).

More to the point, the present study represents the first report of ST1144Ox, ST1658Ox, and ST1646Ox isolates of A. baumannii, as no previous records were found in the PubMLST database for these types of CRAB.

Clonal relation analysis using eBURST revealed that these five STs were grouped in clonal complex 369 (CC369), with four of them (ST1144Ox, ST1145Ox, ST1417Ox, and ST1646Ox) clustered in clade CC1417 while ST1658Ox belonged to clade CC381. Notably, Clades CC1417 and CC381 significantly differed from the predominant clades CC92 and CC208 in China, there were significant genetic distances between the two clades and the dominant prevalent clades CC92, CC195, CC208, and CC95 in China (Qian et al., 2015; Zhou et al., 2015; Guo and Li, 2019; Liu and Liu, 2021; Wang et al., 2021). The previous three were all part of group 3 while CC95 was a separate singleton. Additionally, it is worth noting that CC92 was also predominant in Asia (Kim et al., 2013).

The typing ability, reproducibility, and epidemiological concordance of both MLVA and the widely used MLST were excellent for comparison. However, despite measuring different evolutionary mechanisms at multiple genomic loci, similar clustering was obtained using both methods. Therefore, our results suggest that MLVA-targeted loci provide a reliable measure of genetic relationships. Importantly, MLVA exhibits more differential features in terms of the number of profiles and discriminant index compared to MLST. This is likely due to the faster evolution of VNTRs compared to housekeeping genes, allowing for more sensitive expression of strain evolutionary differences. The higher discriminant index of MLVA enables further differentiation within MLST-defined clonal complexes (CCs) and among clonal lines with significant genotypic diversity. Previous studies have described this phenomenon in Staphylococcus lugdunensis (Dahyot et al., 2018), Listeria monocytogenes (Chenal-Francisque et al., 2013), and Streptococcus agalactiae (Haguenoer et al., 2011). These findings suggest that MLVA may be useful in identifying hospital outbreaks.

Looking at the details of the typing results, we found that the differences in each of the two typing results were concentrated in a few individual loci, such as MLST-AB_gpi and MLVA-AB_826/845/2396. This characteristic has also been demonstrated in our other study on carbapenem-resistant Klebsiella pneumoniae (Shen et al., 2023). The above phenomena suggested that the local carbapenem-resistant bacteria have a relatively unique and concentrated molecular genetic profile. MLST and MLVA techniques were employed for molecular typing and evolutionary analysis, providing a comprehensive assessment of the relatedness among the isolated and interconnected clusters. Monitoring bacterial resistance phenotypes combined with bacterial homology analysis is crucial in guiding antibiotic usage for treating A. baumannii infections and controlling drug resistance prevalence.





Conclusion

The resistance profiles and molecular phenotypes of CRAB strains in this region are relatively concentrated. STs were distinctly geographically characterized, and ST1144Ox, ST1658Ox, and ST1646Ox sequence types for Acinetobacter baumannii are reported for the first time, all belonging to CC365. The typing difference loci were all clustered at individual loci, such as MLST_gpi and MLVA-AB_826/845/2396.

Even more importantly, MLST typing provides an excellent means to analyze strain homology across wider geographical areas while introducing MLVA typing allows for sharper distinction between local isolate homologies essential for identifying hospital outbreaks. Combining the two methods demonstrated higher accuracy, reproducibility, timeliness, and cost-effectiveness.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://pubmlst.org/bigsdb?db=pubmlst_abaumannii_isolates, 6163 to 6241.





Ethics statement

The studies involving humans were approved by The Ethics Committee of the First People’s Hospital of Zunyi. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

LX: Conceptualization, Data curation, Writing – original draft, Project administration. CD: Writing – original draft, Formal Analysis, Methodology. GY: Methodology, Writing – review & editing. MS: Data curation, Methodology, Writing – review & editing. BC: Data curation, Methodology, Writing – review & editing. RT: Data curation, Methodology, Writing – review & editing. HZ: Funding acquisition, Writing – review & editing. KW: Conceptualization, Funding acquisition, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The project received support from the Guizhou High-level (BAI) Innovative Talents Project (QIANKehe Platform & Talents-GCC[2022]042-1), the National Natural Science Foundation of China (No.81760475), the Innovation Group Project provided by Guizhou Provincial Department of Education (QianJiaoheKYzi [2021]019), the Key Discipline Project of Clinical Laboratory Diagnostics funded by Guizhou Provincial Health Commission (QianWeijianhan[2021]160), the Key Discipline Project of Clinical Laboratory Diagnostics funded by Zunyi Municipal Health Bureau (2022-1444), the Zunyi United Science and Technology Fund Project (Zunyi Kehe HZzi [2018]159), the Science and Technology Fund Project of Guizhou Provincial Health Commission (gzwkj2021-367), and Guizhou Provincial Basic Research Program(Natural Science) (No.ZK[2023]488).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

 AI, Y., DOU, S.-S., and S-J., L. U. (2018). Study on in vitro drug sensitivity of minocycline combined with 11 antibiotics against Multidrug resistant Acinetobacter baumannii. Chin. J. New Drugs 27 (6), 702–707.

 Bartual, S. G., Seifert, H., Hippler, C., Luzon, M. A., Wisplinghoff, H., and Rodriguez-Valera, F. (2005). Development of a multilocus sequence typing scheme for characterization of clinical isolates of Acinetobacter baumannii. J. Clin. Microbiol. 43, 4382–4390. doi: 10.1128/JCM.43.9.4382-4390.2005

 Blanco, N., Harris, A. D., Rock, C., Johnson, J. K., Pineles, L., Bonomo, R. A., et al. (2018). Risk Factors and Outcomes Associated with Multidrug-Resistant Acinetobacter baumannii upon Intensive Care Unit Admission. Antimicrob. Agents Chemother. 62 (1), e01631–17. doi: 10.1128/AAC.01631-17

 Busani, S., Serafini, G., Mantovani, E., Venturelli, C., Giannella, M., Viale, P., et al. (2019). Mortality in patients with septic shock by multidrug resistant bacteria: risk factors and impact of sepsis treatments. J. Intensive Care Med. 34, 48–54. doi: 10.1177/0885066616688165

 Chen, Y., Ai, L., Guo, P., Huang, H., Wu, Z., Liang, X., et al. (2018a). Molecular characterization of multidrug resistant strains of Acinetobacter baumannii isolated from pediatric intensive care unit in a Chinese tertiary hospital. BMC Infect. Dis. 18, 614. doi: 10.1186/s12879-018-3511-0

 Chen, Y. P., Liang, C. C., Chang, R., Kuo, C. M., Hung, C. H., Liao, T. N., et al. (2019). Detection and colonization of multidrug resistant organisms in a regional teaching hospital of Taiwan. Int. J. Environ. Res. Public Health 16 (7), 1104. doi: 10.3390/ijerph16071104

 Chen, Y., Yang, Y., Liu, L., Qiu, G., Han, X., Tian, S., et al. (2018b). High prevalence and clonal dissemination of OXA-72-producing Acinetobacter baumannii in a Chinese hospital: a cross sectional study. BMC Infect. Dis. 18, 491. doi: 10.1186/s12879-018-3359-3

 Chenal-Francisque, V., Diancourt, L., Cantinelli, T., Passet, V., Tran-Hykes, C., Bracq-Dieye, H., et al. (2013). Optimized Multilocus variable-number tandem-repeat analysis assay and its complementarity with pulsed-field gel electrophoresis and multilocus sequence typing for Listeria monocytogenes clone identification and surveillance. J. Clin. Microbiol. 51, 1868–1880. doi: 10.1128/JCM.00606-13

 Dahyot, S., Lebeurre, J., Argemi, X., Francois, P., Lemee, L., Prevost, G., et al. (2018). Multiple-Locus Variable Number Tandem Repeat Analysis (MLVA) and Tandem Repeat Sequence Typing (TRST), helpful tools for subtyping Staphylococcus lugdunensis. Sci. Rep. 8, 11669. doi: 10.1038/s41598-018-30144-y

 Dekker, J. P., and Frank, K. M. (2016). Next-generation epidemiology: using real-time core genome multilocus sequence typing to support infection control policy. J. Clin. Microbiol. 54, 2850–2853. doi: 10.1128/JCM.01714-16

 Ejaz, H., Ahmad, M., Younas, S., Junaid, K., Abosalif, K. O. A., Abdalla, A. E., et al. (2021). Molecular Epidemiology of Extensively-Drug Resistant Acinetobacter baumannii Sequence Type 2 Co-Harboring bla (NDM) and bla (OXA) From Clinical Origin. Infect. Drug Resist. 14, 1931–1939. doi: 10.2147/IDR.S310478

 Francisco, A. P., Bugalho, M., Ramirez, M., and Carrico, J. A. (2009). Global optimal eBURST analysis of multilocus typing data using a graphic matroid approach. BMC Bioinf. 10, 152. doi: 10.1186/1471-2105-10-152

 Francisco, A. P., Vaz, C., Monteiro, P. T., Melo-Cristino, J., Ramirez, M., and Carrico, J. A. (2012). PHYLOViZ: phylogenetic inference and data visualization for sequence based typing methods. BMC Bioinf. 13, 87. doi: 10.1186/1471-2105-13-87

 Gomaa, F., Helal, Z. H., and Khan, M. I. (2017). High Prevalence of bla(NDM-1), bla(VIM), qacE, and qacEΔ1 Genes and Their Association with Decreased Susceptibility to Antibiotics and Common Hospital Biocides in Clinical Isolates of Acinetobacter baumannii. Microorganisms 5 (2), 18. doi: 10.3390/microorganisms5020018

 Grundmann, H., Hori, S., and Tanner, G. (2001). Determining confidence intervals when measuring genetic diversity and the discriminatory abilities of typing methods for microorganisms. J. Clin. Microbiol. 39, 4190–4192. doi: 10.1128/JCM.39.11.4190-4192.2001

 Guo, J., and Li, C. (2019). Molecular epidemiology and decreased susceptibility to disinfectants in carbapenem-resistant Acinetobacter baumannii isolated from intensive care unit patients in central China. J. Infect. Public Health 12, 890–896. doi: 10.1016/j.jiph.2019.06.007

 Haguenoer, E., Baty, G., Pourcel, C., Lartigue, M. F., Domelier, A. S., Rosenau, A., et al. (2011). A multi locus variable number of tandem repeat analysis (MLVA) scheme for Streptococcus agalactiae genotyping. BMC Microbiol. 11, 171. doi: 10.1186/1471-2180-11-171

 Hamidian, M., and Nigro, S. J. (2019). Emergence, molecular mechanisms and global spread of carbapenem-resistant Acinetobacter baumannii. Microb. Genom. 5 (10), e000306. doi: 10.1099/mgen.0.000306

 Hammerum, A. M., Hansen, F., Skov, M. N., Stegger, M., Andersen, P. S., Holm, A., et al. (2015). Investigation of a possible outbreak of carbapenem-resistant Acinetobacter baumannii in Odense, Denmark using PFGE, MLST and whole-genome-based SNPs. J. Antimicrob. Chemother. 70, 1965–1968. doi: 10.1093/jac/dkv072

 Hauck, Y., Soler, C., Jault, P., Merens, A., Gerome, P., Nab, C. M., et al. (2012). Diversity of Acinetobacter baumannii in four French military hospitals, as assessed by multiple locus variable number of tandem repeats analysis. PloS One 7, e44597. doi: 10.1371/journal.pone.0044597

 He, S., Li, Z., Yang, Q., Quan, M., Zhao, L., and Hong, Z. (2020). Resistance trends among 1,294 nosocomial Acinetobacter baumannii strains from a tertiary general hospital in China 2014 - 2017. Clin. Lab. 66 (3), 10.7754/Clin.Lab.2019.190629. doi: 10.7754/Clin.Lab.2019.190629

 Ibrahim, M. E. (2019). Prevalence of Acinetobacter baumannii in Saudi Arabia: risk factors, antimicrobial resistance patterns and mechanisms of carbapenem resistance. Ann. Clin. Microbiol. Antimicrob. 18, 1. doi: 10.1186/s12941-018-0301-x

 Jiang, Y., Ding, Y., Wei, Y., Jian, C., Liu, J., and Zeng, Z. (2022). Carbapenem-resistant Acinetobacter baumannii: A challenge in the intensive care unit. Front. Microbiol. 13, 1045206. doi: 10.3389/fmicb.2022.1045206

 Johnson, J. K., Robinson, G. L., Zhao, L., Harris, A. D., Stine, O. C., and Thom, K. A. (2016). Comparison of molecular typing methods for the analyses of Acinetobacter baumannii from ICU patients. Diagn. Microbiol. Infect. Dis. 86, 345–350. doi: 10.1016/j.diagmicrobio.2016.08.024

 Khalil, M., Ahmed, F. A., Elkhateeb, A. F., Mahmoud, E. E., Ahmed, M. I., Ahmed, R. I., et al. (2021). Virulence Characteristics of Biofilm-Forming Acinetobacter baumannii in Clinical Isolates Using a Galleria mellonella Model. Microorganisms 9 (11), 2365. doi: 10.3390/microorganisms9112365

 Kiddee, A., Assawatheptawee, K., Na-Udom, A., Treebupachatsakul, P., Wangteeraprasert, A., Walsh, T. R., et al. (2018). Risk factors for gastrointestinal colonization and acquisition of carbapenem-resistant gram-negative bacteria among patients in intensive care units in Thailand. Antimicrob. Agents Chemother. 62 (8), de00341–18. doi: 10.1128/AAC.00341-18

 Kim, D. H., Choi, J. Y., Kim, H. W., Kim, S. H., Chung, D. R., Peck, K. R., et al. (2013). Spread of carbapenem-resistant Acinetobacter baumannii global clone 2 in Asia and AbaR-type resistance islands. Antimicrob. Agents Chemother. 57, 5239–5246. doi: 10.1128/AAC.00633-13

 Kumburu, H. H., Sonda, T., van Zwetselaar, M., Leekitcharoenphon, P., Lukjancenko, O., Mmbaga, B. T., et al. (2019). Using WGS to identify antibiotic resistance genes and predict antimicrobial resistance phenotypes in MDR Acinetobacter baumannii in Tanzania. J. Antimicrob. Chemother. 74, 1484–1493. doi: 10.1093/jac/dkz055

 Lazureanu, V., Porosnicu, M., Gandac, C., Moisil, T., Baditoiu, L., Laza, R., et al. (2016). Infection with Acinetobacter baumannii in an intensive care unit in the Western part of Romania. BMC Infect. Dis. 16 Suppl 1, 95. doi: 10.1186/s12879-016-1399-0

 Lee, A. L. H., Leung, E. C. M., Wong, B. W. H., Wong, L. C. H., Wong, Y. L. Y., Hung, R. K. Y., et al. (2022). Clean clothes or dirty clothes? Outbreak investigation of carbapenem-resistant Acinetobacter baumannii related to laundry contamination through multilocus sequence typing (MLST). Infect. Control Hosp. Epidemiol. 44 (8), 1274–1280. doi: 10.1017/ice.2022.255

 Lin, S., Liang, L., Zhang, C., and Ye, S. (2020). Preliminary experience of tigecycline treatment in critically ill children with ventilator-associated pneumonia. J. Int. Med. Res. 48, 300060518760435. doi: 10.1177/0300060518760435

 Liu, B., and Liu, L. (2021). Molecular epidemiology and mechanisms of carbapenem-resistant Acinetobacter baumannii isolates from ICU and respiratory department patients of a chinese university hospital. Infect. Drug Resist. 14, 743–755. doi: 10.2147/IDR.S299540

 Maamar, E., Alonso, C. A., Ferjani, S., Jendoubi, A., Hamzaoui, Z., Jebri, A., et al. (2018). NDM-1- and OXA-23-producing Acinetobacter baumannii isolated from intensive care unit patients in Tunisia. Int. J. Antimicrob. Agents 52, 910–915. doi: 10.1016/j.ijantimicag.2018.04.008

 Maiden, M. C. (2006). Multilocus sequence typing of bacteria. Annu. Rev. Microbiol. 60, 561–588. doi: 10.1146/annurev.micro.59.030804.121325

 Maleki, A., Kaviar, V. H., Koupaei, M., Haddadi, M. H., Kalani, B. S., Valadbeigi, H., et al. (2022). Molecular typing and antibiotic resistance patterns among clinical isolates of Acinetobacter baumannii recovered from burn patients in Tehran, Iran. Front. Microbiol. 13, 994303. doi: 10.3389/fmicb.2022.994303

 Mavroidi, A., Katsiari, M., Palla, E., Likousi, S., Roussou, Z., Nikolaou, C., et al. (2017). Investigation of Extensively Drug-Resistant blaOXA-23-Producing Acinetobacter baumannii Spread in a Greek Hospital. Microb. Drug Resist. 23, 488–493. doi: 10.1089/mdr.2016.0101

 Nascimento, M., Sousa, A., Ramirez, M., Francisco, A. P., Carrico, J. A., and Vaz, C. (2017). PHYLOViZ 2.0: providing scalable data integration and visualization for multiple phylogenetic inference methods. Bioinformatics 33, 128–129. doi: 10.1093/bioinformatics/btw582

 Nhu, N. T. K., Lan, N. P. H., Campbell, J. I., Parry, C. M., Thompson, C., Tuyen, H. T., et al. (2014). Emergence of carbapenem-resistant Acinetobacter baumannii as the major cause of ventilator-associated pneumonia in intensive care unit patients at an infectious disease hospital in southern Vietnam. J. Med. Microbiol. 63, 1386–1394. doi: 10.1099/jmm.0.076646-0

 Nutman, A., and Marchaim, D. (2019). How to: molecular investigation of a hospital outbreak. Clin. Microbiol. Infect. 25, 688–695. doi: 10.1016/j.cmi.2018.09.017

 Odih, E. E., Irek, E. O., Obadare, T. O., Oaikhena, A. O., Afolayan, A. O., Underwood, A., et al. (2022). Rectal colonization and nosocomial transmission of carbapenem-resistant Acinetobacter baumannii in an intensive care unit, southwest Nigeria. Front. Med. (Lausanne) 9, 846051. doi: 10.3389/fmed.2022.846051

 Poulikakos, P., Tansarli, G. S., and Falagas, M. E. (2014). Combination antibiotic treatment versus monotherapy for multidrug-resistant, extensively drug-resistant, and pandrug-resistant Acinetobacter infections: a systematic review. Eur. J. Clin. Microbiol. Infect. Dis. 33 (10), 1675–1685. doi: 10.1007/s10096-014-2124-9

 Pourcel, C., Minandri, F., Hauck, Y., D'arezzo, S., Imperi, F., Vergnaud, G., et al. (2011). Identification of variable-number tandem-repeat (VNTR) sequences in Acinetobacter baumannii and interlaboratory validation of an optimized multiple-locus VNTR analysis typing scheme. J. Clin. Microbiol. 49, 539–548. doi: 10.1128/JCM.02003-10

 Qian, Y., Dong, X., Wang, Z., Yang, G., and Liu, Q. (2015). Distributions and types of multidrug-resistant Acinetobacter baumannii in different departments of a general hospital. Jundishapur J. Microbiol. 8, e22935. doi: 10.5812/jjm.22935

 Ribeiro-Goncalves, B., Francisco, A. P., Vaz, C., Ramirez, M., and Carrico, J. A. (2016). PHYLOViZ Online: web-based tool for visualization, phylogenetic inference, analysis and sharing of minimum spanning trees. Nucleic Acids Res. 44, W246–W251. doi: 10.1093/nar/gkw359

 Say Coskun, U. S., Caliskan, E., Copur Cicek, A., Turumtay, H., and Sandalli, C. (2019). beta-lactamase genes in carbapenem resistance Acinetobacter baumannii isolates from a Turkish university hospital. J. Infect. Dev. Ctries 13, 50–55. doi: 10.3855/jidc.10556

 Severiano, A., Pinto, F. R., Ramirez, M., and Carrico, J. A. (2011). Adjusted Wallace coefficient as a measure of congruence between typing methods. J. Clin. Microbiol. 49, 3997–4000. doi: 10.1128/JCM.00624-11

 Shen, M., Chen, X., He, J., Xiong, L., Tian, R., Yang, G., et al. (2023). Antimicrobial resistance patterns, sequence types, virulence and carbapenemase genes of carbapenem-resistant klebsiella pneumoniae clinical isolates from a tertiary care teaching hospital in Zunyi, China. Infection Drug resistance 16, 637–649. doi: 10.2147/IDR.S398304

 Singkham-In, U., and Chatsuwan, T. (2018). In vitro activities of carbapenems in combination with amikacin, colistin, or fosfomycin against carbapenem-resistant Acinetobacter baumannii clinical isolates. Diagn. Microbiol. Infect. Dis. 91, 169–174. doi: 10.1016/j.diagmicrobio.2018.01.008

 Tomczyk, S., Zanichelli, V., Grayson, M. L., Twyman, A., Abbas, M., Pires, D., et al. (2019). Control of Carbapenem-resistant Enterobacteriaceae, Acinetobacter baumannii, and Pseudomonas aeruginosa in Healthcare Facilities: A Systematic Review and Reanalysis of Quasi-experimental Studies. Clin. Infect. Dis. 68, 873–884. doi: 10.1093/cid/ciy752

 Wang, X., Du, Z., Huang, W., Zhang, X., and Zhou, Y. (2021). Outbreak of multidrug-resistant Acinetobacter baumannii ST208 producing OXA-23-like carbapenemase in a children’s hospital in shanghai, China. Microb. Drug Resist. 27, 816–822. doi: 10.1089/mdr.2019.0232

 Xu, L., Deng, S., Wen, W., Tang, Y., Chen, L., Li, Y., et al. (2020). Molecular typing, and integron and associated gene cassette analyses in Acinetobacter baumannii strains isolated from clinical samples. Exp. Ther. Med. 20, 1943–1952. doi: 10.3892/etm.2020.8911

 Xu, C. F., and Xu, W. (2021). [Drug resistance of Acinetobacter baumannii in pediatric intensive care unit]. Zhonghua Er Ke Za Zhi 59, 651–657.

 Zhang, X., Li, F., Awan, F., Jiang, H., Zeng, Z., and Lv, W. (2021). Molecular epidemiology and clone transmission of carbapenem-resistant Acinetobacter baumannii in ICU rooms. Front. Cell Infect. Microbiol. 11, 633817. doi: 10.3389/fcimb.2021.633817

 Zhou, P., Chen, N., Zhu, K., Jia, C., Zhang, F., and Ji, P. (2020). Detection of resistance Genetic testing and homology of Acinetobacter baumannii with Carbapenem resistance. Chin. J. Infect. Control 06), 526–532.

 Zhou, Y., Wu, X., Zhang, X., Hu, Y., Yang, X., Yang, Z., et al. (2015). Genetic Characterization of ST195 and ST365 Carbapenem-Resistant Acinetobacter baumannii Harboring blaOXA-23 in Guangzhou, China. Microb. Drug Resist. 21, 386–390. doi: 10.1089/mdr.2014.0183

 Zhu, Y., Zhang, X., Wang, Y., Tao, Y., Shao, X., Li, Y., et al. (2022). Insight into carbapenem resistance and virulence of Acinetobacter baumannii from a children’s medical centre in eastern China. Ann. Clin. Microbiol. Antimicrob. 21, 47. doi: 10.1186/s12941-022-00536-0




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Xiong, Deng, Yang, Shen, Chen, Tian, Zha and Wu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb.2023.1280372_cover.jpg
& frontiers | Frontiers in Cellular and Infection Microbiclogy

Molecular epidemiology and antimicrobial
resistance patterns of carbapenem-resistant
Acinetobacter baumannii isolates from
patients admitted at ICUs of a teaching
hospital in Zunyi, China





OEBPS/Images/fcimb-13-1280372-g002.jpg
433 1658

2208 2211

2158 2164

2590 2599

1816 1806

2028033

1892





OEBPS/Images/fcimb-13-1280372-g003.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Molecular epidemiology and antimicrobial resistance patterns of carbapenem-resistant Acinetobacter baumannii isolates from patients admitted at ICUs of a teaching hospital in Zunyi, China

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study site

          



          		

            Bacterial isolates and identification

          



          		

            Antimicrobial susceptibility testing

          



          		

            DNA preparation

          



          		

            Identification of genes associated with antimicrobial resistance

          



          		

            Multilocus sequence typing

          



          		

            Multiple loci VNTR analysis

          



        



        



        		

          Results

        

          		

            Epidemiology of CRAB infection

          



          		

            In vitro antimicrobial susceptibility

          



          		

            The prevalence of drug resistance genes

          



          		

            MLST genotyping

          



          		

            MLVA genotyping and clustering

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Resistance genes

mber (total79)

Class A
blargy 51 64.56%
blagpc.iike 0 0
blages 0 0
blagyy 0 0
blacrx .o 0 0
Class B
blapp 0 0
blayy 0 0
blanpm 0 0
blagi 0 0
Class C
blaype 74 93.67%
Class D
blaoxa 23-tike 77 97.50%
blaoxa-s1-tike 79 100.00%
blaoxa-24-like 0 0
blaoxa-ss-like 0 0
Disinfectant gene
qacEAI-sull 67 84.81%
Integron resistance gene
Intll 55 69.62%
Aminoglycoside resistance gene
ant (3”)-1 19 62.03%
aac (3)-1 16 58.23%
Efflux pump gene
adeB 74 93.67%
adeG 79 100.00%
ade] 79 100.00%





OEBPS/Images/table3.jpg
Locus

Tandem Repetition Type

Number of
tandem repeats

Simpson'’s ID

Cl (95%)

MLVA-AB_3530 2 6,7 0.370 (0.270-0.470)
MLVA-AB_3002 1 6 0.000 (0.000-0.000)
Large (L)-repeat VNTRs (MLVA)

MLVA-AB_2240 1 3 0.000 (0.000-0.000)
MLVA-AB_1988 2 7,8 0.488 (0.446-0.530)
MLVA-AB_826 8 6,9, 12, 15, 16, 17, 18, 21 0.827 (0.786-0.868)
MLVA-AB_845 7 9,10, 11, 12, 13, 14, 17 0.783 (0.726-0.839)

Small (S)-repeat VNTRs (MLVA) |
MLVA-AB_2396 8 8, 14, 15, 16, 17, 18, 19, 21 0.829 (0.795-0.864)
[ MLVA-AB_3468 2 12,13 0.418 (0.333-0.503)
Oxf_gltA 1 1 0.000 (0.000-0.000)
Oxf_gyrB 2 381 0.074 (0.153-1.000)
Oxf_gdhB 1 S5 0.000 (0.000-0.000)
MLST Oxf_recA 1 102 0.000 (0.000-0.000)
Oxf_cpn60 1 2 0.000 (0.000-0.000)
Oxf_gpi 5 94, 97, 96, 140, 16 0.455 (0.342-0.567)
Oxf_rpoD 1 3 0.000 (0.000-0.000)
MLVA 64 MT1-MT64 0.993 (0.986-0.999)
MLST 5 1144,1145,1417,1646,1658 0.455 (0.342-0.567)

DI, Simpson’s diversity index; CI, confidence interval.






OEBPS/Images/fcimb-13-1280372-g001.jpg
MLVA allelic profile Strain characterizations |MLST]
Similarity (%) HHHEHBEEE
] I o] e e T 160
train 1) MT | 8121212 1<) <) 2|2 (Cluster wora |Genaelsampld MIC | st
ss 60 Y65 70 75 80 8 90 95 100 S R P P P B o
alalal= 222
=|=|=|5|=[=|5]|=
zyo01 [MTo1[ 7 [ 6 [3[8[15[10[16[13] T [NICU [FemaldSputum] 1| 1145
ZY012 [MT01| 7 [ 6 | 3 [ 8 [15[10[16]13] 1 | NICU [Male |Sputum| 1 | 1145
ZY004 [MT02| 7 [ 6 | 3 [ 7 [15][10[16]13] 1 [ NICU [Male |Sputum| 1 | 1145
zv028 [MT02[ 7 | 6 [ 3 | 7 [15]10[16[13] 1 fanchIQMale [Sputum| 1 | 1145
zv007 [MT03] 6 [ 6 [ 3 [ 7 [15[10[16[13] T [NICU|Male [Sputum] 2 | 1145
zyo13 [M1o4] 7 [ 6 [ 37 [15[10[16][12] T [NICU[Male [Sputum] 1 | 1145
ZY036 [MT05| 7 [ 6 [ 3 [ 7 [15[10[17[12] 1 ICU [Male [wound{ 4 | 1145
zv053 [MT05[ 7 [ 6 [ 3 [ 7 [15[10[17[12] 1 [EICU [Male [IVcath] 1 [ 1145
ZY017 [MT06[ 7 [ 6 [ 3 | 7 [15[10[15[13] 1 | NICU [FemaldSputum| 1 | 1145
ZY019 [MT06] 7 | 6 | 3 [ 7 [15[10[15[13] 1 | NICU [Male |Sputum| 1 | 1145
ZY040 [MT07] 7 [ 6 | 3 [ 7 [15[10[17[13] T [ NICU |[FemaldSputum| <0.5 | 1145
zvoa1 [MT07] 7 [ 6 [ 3 [ 7 [15[10[17[13] T [NICU [Male [Sputum| <0.5 | 1145
zv044 [MT07] 7 [ 6 [ 3 [ 7 [15[10[17[13] T [NICU[Male [Sputum| 1 | 1145
zy054 [MT07] 7 [ 6 [ 3 [ 7 [15[10[17[13] 1 [SICU [Male |wound{ <0.5 | 1417
7055 [MT07[ 7 [ 6 [ 3 [ 7 [15[10{17[13[ 1 [NICU [Male [Sputum| 2 [ 1145
ZY005 [MT08| 7 | 6 | 3 [ 8 [15] 9 [17[13] 1 | ICU |Male |Sputum| 8 | 1145
ZY008 [MT09| 7 | 6 [ 3 [ 7 [15[ 9 [17[ 3] 1 ICU |Male |Sputum| 0.5 | 1145
—i zv025 [MT09] 7 [ 6 [ 3 [ 7 [15[ 9 [17[ 3] 1 ICU [Male [Sputum| 1| 1145
zv027 [MT09] 7 [ 6 [ 3[7[15[ 9 [17[13] T [RICU [FemaldSputum] 1| 1145
zy024 [MT10[ 7 [ 6 [3[8 15[ 9[15[13] 1 [NICU[Male [Sputum| 1 | 1145
ZY002 [MTI1| 7| 6 |3 [ 7|9 [10[21[13] 1 | NICU [FemaldSputum| 1 | 1145
zyo18 [MT12[ 7 [ 6 [ 3|7 [15[10]21[13] 1 [ 1CU [Male [Spuwm|[ 1 [1145
ZY157 [MT13| 7 [ 6 | 3 [ 7 [17[10[21[13] T [ NICU [Male |urine 2 | 1646
zY014 [MT14[ 7 [ 6 [ 3 | 7 [16]10[21[12] 1 [NICU[Male [Sputum| <0.5 | 1145
zvo31 [MTI5| 7 [ 6 [3[8[9[ro[21]r2] 1 ICU_|FemaldSputum| 8 | 1417
! ZY003 [MT16] 7 | 6 | 3 | 7 [17[13[17[13] 1| NICU [Male [Sputum| 1 | 1417
zy159 [MT17[ 7 [ 6 [ 3 [ 7 [21{13[17[13] 1 [ I1CU [Male [Sputum| 2 | 1145
ZY151 [MTI8] 7 | 6 | 3 [ 7 [21]{13[18][13] 1| SICU |Femaldurine 2 |1145
Y010 [MT19] 7 | 6 [ 3 [ 8 [21]13[17[13] 1| RICU [Male [Sputum| 2 | 1145
Zv023 [MT20] 7 [ 6 | 3[8[21]13[16][13] 11 [ NICU [Male |Sputum| 2 | 1145
ZY160 [MT21] 7 [ 6 [ 3 [ 8 [21{13[18][13] 11 [ ICU |FemaldSputum] 2 | 1145
zv162 [MT22] 7 [ 6 [ 3 [ 8 [18[13[17[13] 1 [ ICU [FemaldSputum| 1| 1417
zv006 [MT23[ 7 [ 6 [ 3 [ 7 [17[10[18]13] 1 [ PICU [Male [Sputum| 4 | 1417
7v026 [MT24] 7 [ 6 [ 3 [ 7 [17{12[18]13[ 11 [ NICU [FemaldSputum| <0.5 | 1658
ZY015 [MT25] 7 [ 6 [ 3 [ 7 [17]13[18]12] 1 | NICU [Male [Sputum| <0.5 | 1658
zy016 [MT25] 7 [ 6 [ 3 [ 7 [17[13[18]12] 11 [NICU [Male [Sputum| 8 | 1145
ZY033 [MT26] 7 [ 6 | 3 [ 7 [17[17[14][13] 11| RICU |FemaldSputum| <0.5 | 1145
ZY020 [MT27| 7 [ 6|3 | 8|17[14[15]13 111 EICU [FemalqSputum| 2 1417
7v034 [MT28] 7 [ 6 [ 3 [ 8 [17[13[15[13[ 1 [EICU [Male [Sputum| 2 [1417
ZY038 [MT29| 7 | 6 | 3 [ 7 [17[14]15[13] 11 | SICU [Male |wound{ 2 | 1417
Y030 [MT30[ 7 | 6 [ 3| 8 [17[12][19[13] IV | ICU |FemaldSpuwum| 2 [ 1145
Zv032 [MT31] 7 [ 6 | 3 [ 8|9 [12[19]13] IV [ ICU |Male |Spuwm| 2 | 1417
Zy071 [MT32] 7 [ 6 [ 3 [ 8 [18[14[19]13] IV [ SICU [FemaldSputum] 2 | 1145
zy163 [MT33[ 6 [ 6 [ 3 [ 8o [11[19[13] 1v_[ IcU [Male [Spuwm| 1 | 1417
zy155 [MT34[ 7 [ 6 [ 3 [ 7 [21{11[ 8 [13] V [ ICU |FemaldSputum| 1 [ 1144
ZY043 [MT35[ 7 | 6 |3 | 7 [ 9 [11[19[13] V| ICU |Male [Sputum| 2 | 1417
ZY154 [MT36] 7 | 6 [ 3 [ 7 [18[11[19[13] vV [RICU [Male [Sputum| 2 | 1145
I ZY156 [MT37] 7 [ 6 |3 [7[9[9[19]13] Vv [ ICU |Male |Sputum| 1 | 1646
| ZY037 [MT38] 6 | 6 | 3 [ 7| 6 [11]17[13] S1_[ SICU [Male |wound]| 1 | 1145
—_ 7v039 [MT39] 6 | 6 [ 3 | 7 [15[12[15[13] S2 | NICU [Male [Sputum| 1 | 1145
ZY164 [MT40] 6 | 6 | 3 [ 8 [18]10[17[ 13| VI | NICU [Male |Sputum| 2 | 1417
ZY166 [MT41] 6 [ 6 [ 3 [ 8 [18[12[16][13] VI fanch I{FemaldSputum| 0.5 | 1145
ZY170 [MT42[ 6 | 6 | 3 | 8 [18[13[15[13] VI | ICU |FemaldSputum| <05 | 1417
ZY165 [MT43[ 6 | 6 | 3| 8 [16] 9 [17[13] VI |CPICU[FemaldSputum| 1 [ 1145
ZY168 [MT44] 6 | 6 | 3 [ 8 [16] 9 [18][13] VI [ EICU |FemaldSputum] 1| 1145
ZY169 IMT45[ 6 | 6 | 3| 8 |17 9|17[13 VI NICU |FemaldSputum| 2 1145
Zv022 [MT46] 7 [ 6 [3[ 86 9[16[13] VIl | ICU [FemaldSputum| 1 | 1145
ZY042 [MT47] 7 | 6 | 3 [ 8 [18[17]16]13] VIL | ICU |Male |Sputum| 2 | 1145
ZY152 [MT48[ 6 | 6 | 3 | 8 [16[10[16]13] VI[ | ICU [Male |Sputum| 1 | 1145
ZY167 [MT48[ 6 | 6 | 3| 8 [16]10[16[13] VI | ICU [Male [Sputum| 1 | 1145
ZY072 [MT49] 7 [ 6 | 3[ 8 [16[10[16]13] VI [ NICU [Male |Sputum| 1 | 1145
ZY073 [MT49] 7 [ 6 | 3[8[16[10[16]13] VIl [NICU [FemaldSputum] 1| 1145
ZY074 [MT49| 7 [ 6 [ 3| 8 |16[10[16]13 VII NICU |Male [Sputum 2 1145
zyolt [MT50[ 7 [ 6 [3[8[17[12]16][12] 83 [PICU [Male [Sputum| 1 | 1417
ZY153 [MTS1| 7 [ 63| 8|18[11]18]12 S4 NICU Femalséputum 1 1417
ZY158 [MT52[ 7 | 6 | 3 | 7 [12[13]19][12] VIl | EICU [Male [Sputum| <0.5 | 1145
zv021 [MT53[ 7 | 6 | 3 | 8 [12[13]18[12] Vil | EICU [Male [Sputum| <0.5 | 1145
zY161 [MT54] 7 [ 6 [ 3 [ 8 [12[13[19]12] vl [ ICU [Male [IVcath] 1 | 1145
ZY009 [MT55] 6 [ 6 [ 3 [ 7 [15[ 9 [17][12] IX [ ICU |[Male [Sputum| 1 | 1145
ZY035 [MT56] 6 | 6 [ 3 [ 7 [15[10[17][12] IX [ ICU [Male |wound] 1 | 1145
ZY048 [MT57| 6 | 6 | 3 | 7 [16]11[17[12] IX | EICU [Male |Sputum| 1 | 1145
ZY050 [MT58] 6 | 6 | 3 [ 7 [16]10[15][12] IX [ NICU [Male |Sputum| 1 | 1145
ZY051 [MT58] 6 | 6 | 3 [ 7 [16]10[15][12] IX [ NICU [Male |Sputum| 2 | 1145
I Zv047 [MT59] 6 | 6 | 3 [ 7 [18[12]19]12] X [NICU [Male [Sputum| <0.5 | 1658
—: zv049 [MT60[ 6 [ 6 | 3 [ 7 [12]1a]19]12] X [EICU [Male [Sputum| <0.5 | 1145
ZY029 [MT61| 7 [ 6| 3| 7 [16] 9 [14[12] XI_| PICU |FemaldSputum| 1| 1145
ZY045 [MT62| 7 [ 6| 3| 7|16[9]15]12 X1 NICU |Male [Sputum| 1 1145
ZY046 [MT63| 7 | 6 | 3 | 7 [16] 9 [16[12] XI_ | NICU [Male [Sputum| 1 | 1145
zv052 [MT64] 7| 6 | 3| 7 [16]14]14[12] XI_| EICU |Femaldblood | <0.5 | 1417
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Interpretive categories and MIC

Number of detected isolates [n (%)]

Antibiotics breakpoints (ug/ml) Mlﬁzlr:qr;)ge
Resistance Intermediary Sensitivity Resistance Intermediary Sensitivity

Penicillin

Piperacillin 79 (100) 0(0) 0(0) >128 32-64 <16 0.5-256

Extended-spectrum cephalosporin

Ceftazidime 79 (100) 0 (0) 0(0) 214 15-17 <8 0.12-64
Cefepime 72 (91.14) 7 (8.86) 0(0) >14 15-17 <8 0.12-64

Enzyme inhibitor complex

Ampicillin/sulbactam 79 (100) 0(0) 0(0) 232/16 16/8 <8/4 8/4-32/16
Piperacillin/tazobactam 79 (100) 0(0) 0(0) 2128/4 32/4-64/4 <16/4 2/4-128/8
Cefoperazone/sulbactam 60 (75.95) 19 (24.05) 0(0) >64 16-32 <8 8-64

Aminoglycosides

Gentamicin 79 (100) 0(0) 0(0) 216 8 <4 1-16
Tobramycin 70 (88.61) 2(2.53) 7 (8.86) 216 8 <4 1-16
Amikacin 73 (92.41) 1(1.27) 5(6.33) 264 32 <16 2-64
Carbapenems

Imipenem 79 (100) 0(0) 0(0) 28 4 <2 025-16
Meropenem 74 (93.67) 1(1.27) 4(5.06) >8 4 < 025-16

Folate pathway inhibitors

irl'g:::;*;::;k 58 (73.42) 0(0) 21 (26.58) >2/38 - <4/76 1/19-16/304
Fluoroquinolones

Ciprofloxacin 79 (100) 0(0) 0(0) >4 2 [ <1 0254
Levofloxacin 31 (39.24) 48 (60.76) 0(0) >8 4 < 05-16
Tetracyclines

Doxycycline 77 (97.47) 0(0) 2(2.53) >16 8 < 05-16
Minocycline 21 (26558) 24 (30.38) 34 (43.04) >16 8 < 1-16

Glycyleyclines

Tigecycline 3(3.80) 2(2.53) 74 (93.67) =8 4 <2 05-8





