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Abstract 

Background 

Carbapenem-resistant Enterobacteriaceae (CRE) are on the rise and pose urgent threats to 

hospitalized patients worldwide. An increasing number of CRE harboring carbapenemases 

such as KPC, NDM, and OXA-48-like enzymes, as well as cephalosporinases such as CTX-

M, render them resistant to the last available first-line drugs making clinical management of 

the patient difficult. Whole-genome sequencing (WGS) of CRE has been shown to be useful in 

the clinical setting for both epidemiological investigation by identifying highly related lineages 

of bacteria for outbreak analysis, and resistome profiling for drug resistance prediction. As 

WGS becomes increasingly useful in clinical applications, there is also a need for more 

automation to lower its technical complexity and enhance its throughput. The Rheonix NGS 

OnePrep™ Solution system, which includes the fully automated Encompass Optimum™ 

workstation and microfluidic Rheonix CARD® cartridge, is an automation platform designed to 

streamline nucleic acid extraction and NGS library preparation based on the Illumina Nextera 

DNA Flex Library Preparation Kit. Here, we compared the performance of the Rheonix 

automated system with a manual method by genotypic analysis of a variety of clinically 

significant CREs in terms of DNA quality, DNA concentration, NGS library yield, total run time, 

throughput, as well as genotypic profiling results including species identification, strain type, 

resistome, and plasmids type. 
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Figure 2. Rheonix Encompass OptimumTM Workstation. The workstation can run up to 24 samples without user 

intervention (A). Robotic technology delivers samples and reagents to the Rheonix CARD® Cartridge, which is a microfluidic 

device that can process four individual samples (B). A sample rack insert is positioned on the deck of the workstation  

will hold two 3x8 microtiter plates, one containing the sequencing indexes and the other the completed sequencing 

libraries (C).  

Results 

Figure 3. Study Design. Comparison of the performance of the Rheonix automated system (A) with a manual method for 

DNA extraction and library generation (B) of 8 clinically significant CREs. Using the Rheonix automated system, extraction 

and library preparation was incorporated into one easy step without user intervention within a TAT 4.5hrs. Rheonix-

developed nucleic acid extraction kit was used in the automated process and the manual method for nucleic acid 

extraction was carried out using EZ1 Instrument (Qiagen) and Tissue Extraction Kit per the manufacturer’s protocol. Both 

library preparations were carried out using Illumina Nextera DNA Flex Library Preparation kit and sequenced on the 

Illumina MiSeq platform using a 2 x 300bp v3 kit. Sequencing analysis was performed using software from the Center of 

Genomic Epidemiology, CLC Bio (Qiagen) and Geneious (Biomatters). All purified DNA samples were sufficient for the 

subsequent library preparations.  

Carbapenem-resistant Klebsiella pneumoniae (CRKP) is an urgent and global threat to hospitalized patients. CRKPs 

commonly carry carbapenemase-producing genes such as blaKPC, blaOXA and blaNDM, which are located on plasmids 

that carry genes which may confer resistance to almost all available antibiotics (1). Globally, co-production of multiple 

types of carbapenemases in CRKP is on the rise and found to be associated with enhanced drug resistance (2). 

Recently, there has been a surge of NDM-1 and OXA-232 co-producing CRKP in several endemic countries. In the 

Arabian Peninsula, up to 20% of CRKP was found to co-produce NDM and OXA (3). The Rheonix NGS OnePrep 

Solution system, which includes the fully automated Encompass Optimum™ workstation and microfluidic Rheonix 

CARD® cartridge, is an automation platform designed to streamline nucleic acid extraction and multiple NGS library 

preparation chemistries. The system has been used for NGS library preparation for Gram negative and positive bacteria, 

including food pathogens, as well as human samples, including saliva, buccal swab, and whole blood. The work 

presented here is based on the Illumina Nextera DNA Flex Library Preparation Kit. We compared the performance of the 

Rheonix automated system  to manual method following manufacturer's protocol by genotypic analysis of a variety of 

clinically significant CREs. 

Overall, while the NGS OnePrep automation system yielded less library quantity, the genotypic results of strain typing 

and resistome profiling were comparable to results generated by manual methods. After normalization of the libraries, the 

automated method generated similar amount of sequencing reads in terms of both quantity and quality. The fully-

automated system eliminates disjointed and manual steps with a uniform library output that seems to be sufficient for 

strain typing and resistome profiling, and showed advantages of faster run time, higher throughput and less hands-on 

time. With further evaluation and validation, the technology holds a promising future for routine use in  clinical 

laboratories. 

Figure 1. Global Emerging Threat, Carbapenem-producing Enterobacteriaceae. Carbapenem-resistant (CR) organisms 

such as Klebsiella peumoniae, are becoming more common in the U.S. due to increase traveling and migration of 

individuals from endemic areas. Susceptible organisms have the ability to acquire multi-drug resistant plasmids that contain 

a variety of multi-drug resistant genes making common antibiotics less potent and useful.  
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Figure 4. Quality of Library Preparation. (A) Representative Bioanalyzer electropherogram graphs for the Rheonix prepared 

libraries (top panel) and the manually prepared libraries (bottom panel). (B) Sequencing quality score showing %Q30 (left panel) 

and % reads identified per index illustrating the overall evenness distribution among both library preparations (right panel). 

Library yields were lower for the Rheonix system, however all were sequenceable, consistent in average size and comparable in 

quality. 

Figure 6. Sequencing Analysis. Data analysis was done by using the Center of Genomic Epidemiology tools, and commercial 

software including Geneious (BioMatter, Australia) and CLCbio (Qiagen, Germany). The results revealed that representative 

bacterial  strains possessed plasmids including a colKP3-type plasmids (6141bp) carrying blaOXA-232, an IncFIB 

(Mar)/IncHl1B-type plasmids carrying NDM-1 and other remarkable resistance genes such as blaCTX-M-15 (extended spectrum 

beta-lactamase gene), armA (16S rRNA methyltransferase gene) and tet (D) (tetracycline efflux gene). Both library preparation 

methods yielded similar data in terms of species identification, strain type, resistome and plasmid types. 
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Figure 5. QC Data Comparison. Comparison of both the Rheonix generated libraries and the manually generated libraries in terms of 

sequencing quality metrics. Although the yield, in terms of concentration, is lower in the Rheonix generated libraries, analysis of the 

sequencing data was comparable for both library preparation methods. 
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