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EVALUATION REPORT: TwistDx rapid MRSA detection test

Introduction

Smart Solutions for Healthcare Associated Infections (HCAI) is a national programme that aims to bring forward new technologies with the potential to reduce HCAI rates within the NHS. The programme was run by TrusTECH®, The North West of England NHS Innovations Hub, on behalf of the Department of Health’s HCAI Technology Innovation Programme, and supported by the NHS National Innovation Centre. 

Following a national call for innovative products and technologies from a range of diverse industries, nine products were selected for further evaluation within an NHS setting. The aim of the evaluation was to assess the potential of the product to contribute to the reduction of HCAIs in a scientifically robust manner. 

TwistDx Rapid MRSA Detection Test was one of the technologies selected for evaluation. TwistDx Limited (Babraham, Cambridge UK) provided this proprietary new DNA amplification/detection technology for the purpose of diagnostic testing, particularly pathogen detection. The Recombinase Polymerase Amplification (RPA) technology offers the advantages of being easy to operate using pre-formulated reagents, minimal sample processing, and the requirement for only very basic detection instrumentation. Patient samples can be tested ‘on the spot’ with results becoming available within 20 minutes of sample collection, greatly reducing processing time for samples which when sent to centralised laboratories to be cultured, can take at least 24 hours. Consequently, the RPA test has the potential to implement effective near-patient screening procedures.

This trial was undertaken in Central Manchester University Hospitals NHS Foundation Trust (CMFT). The principal investigator was Dr Andrew Dodgson, Consultant Medical Microbiologist and Infection Control Doctor at Manchester Royal Infirmary.

Objectives

The aim of the trial was to assess the performance of TwistDx’s RPA diagnostic test for MRSA when used on clinical samples, in comparison to the broth enrichment based culture technique currently in routine use at the CMFT microbiology laboratory. Having developed specific reagents for the detection of meticillin-resistant Staphylococcus aureus (MRSA) and established appropriate sample processing protocols for the isolation of DNA from nasal swabs, the current prototype form of the RPA MRSA test required trialling to determine:

i Whether the primer/probe sets delivered an adequate coverage of MRSA types prevalent at the NHS Trust.

ii The efficacy of the sample preparation for the RPA MRSA test.

iii The performance of the RPA MRSA test when used on clinical samples taken for MRSA screening, in comparison to the current, accepted methodology using broth enrichment and culture on chromogenic media.

iv The practicality of the operating procedure and the overall robustness of the technology in a live clinical microbiology laboratory.

This study was undertaken in 2 phases; objectives i and ii were to determine the sensitivity and specificity of the RPA MRSA assay prototype in Phase 1 of the study. Any adjustments could then be made so that a final prototype RPA MRSA test could be defined and utilised in objectives iii and iv as part of Phase 2 of the study.
Methodology

Phase 1: To obtain information on the MRSA strains that are commonly isolated in the UK and specifically at CMFT, and to ensure that the primer/probe sets in the TwistDx RPA MRSA test were appropriate for the evaluation. MRSA isolates were obtained from clinical samples obtained at CMFT and Addenbrooke’s hospital (Cambridge University Hospitals NHS Foundation Trust). Sub-cultured isolates were boiled in water for 20 minutes to kill the bacteria. Boiled bacteria were diluted 1/1000 and 1 (l added to MRSA RPA reactions.
All isolates that were found to be MRSA negative were retested. Isolates found to be negative on retesting were tested for spa and nuc genes unique to S aureus and the mecA gene that denotes meticillin resistance. Additionally, all negative isolates were tested using an in‑house PCR reaction developed at Addenbrooke’s hospital which detects two MREJ types not included in the TwistDx test.

Quality assurance tests were carried out to determine the sensitivity of the RPA MRSA test, using the Quality Control for Molecular Diagnostics (QCMD) 2008 meticillin resistant S aureus DNA external quality assessment (EQA) programme panel obtained from Qnostics Ltd (Glasgow, UK). Known concentrations of unlysed MRSA from the QCMD panel were serially diluted and spiked into MRSA RPA reactions to determine the limit of detection.

To determine which swab stick would give the best results, a number of different types were used to collect samples (nasal and groin) from known meticillin-susceptible S aureus (MSSA) carriers, and RPA tests for MSSA were performed.

Phase 2: Samples were collected from 5,433 patients admitted over a 12-week period routinely screened for MRSA within the Divisions of Medicine and Surgery at the Manchester Royal Infirmary, CMFT. Verbal consent was obtained from each patient, which was recorded in their clinical notes.

Samples (nasal and groin swabs from each patient combined) were processed according to the CMFT standard protocol of “gold-standard” broth enrichment culture. This involved 24 hour incubation in a salt broth followed by plating on chromogenic MRSA media. Suspected MRSA colonies were confirmed using latex agglutination, DNAse and sensitivity testing using British Society for Antimicrobial Chemotherapy (BSAC) methodology.

Nasal and groin swabs from each patient were processed separately for the TwistDx RPA MRSA test (duration approximately 20 minutes). A TwistDx scientist or the designated CMFT scientist performed the test according to TwistDx’s RPA protocol. The TwistDx swabs were dipped and swirled in RPA resuspension buffer and 50 µl of this solution was added to a freeze dried RPA reaction, vortexed, centrifuged and placed in TwistDx’s scanning device for incubation and signal monitoring. The remaining unused RPA resuspension buffer was stored at 4ºC for further analysis if there was a discrepancy (positive versus negative or vice versa) between the culture and TwistDx RPA test.

Results

Preliminary tests showed that TwistDx’s RPA test delivered adequate coverage of MRSA types prevalent at CMFT. A total of 813 (96%) true MRSA strains were detected from 848 MRSA isolates obtained from CMFT and Addenbrooke’s clinical samples. Of 35 false negatives, 3 were identified as MRSA by the Addenbrooke’s in house PCR test that tested for an additional MRSA type. Quality assurance tests showed that the test consistently detected as few as 10 MRSA/reaction from the QCMD panel.

Phase 1 of the study showed that flocked swabs with a nylon velvet tip resulted in the most consistent, highest signals in the TwistDx test, compared with Σ‑Swabs (Medical Wire), which were a reasonable second choice. The standard rayon or dacron swabs performed less well. The flocked swab sticks were therefore used in Phase 2 of the study.

The Phase 2 results showed that the TwistDx test was able to identify almost three quarters of patients who with the gold standard culture method were deemed to be positive for MRSA. However, only around half of all positive RPA test results were actually MRSA culture positive. There are a number of potential problems inherent to all molecular methods that can account for these apparent false positives. These include: presence of mecA negative, SCCmec positive, sensitive S aureus; sampling error; differences in the limit of detection; MRSA positive patents on systemic or topical MRSA therapy. 

Conclusion
· The primer/probe sets of the TwistDx RPA MRSA test delivered an adequate coverage of MRSA types prevalent at CMFT, with 96% of the true MRSA strains tested being detected in the assay. Sample preparation for the RPA MRSA test was also efficacious.

· The RPA MRSA test performed well in comparison with current, accepted methodology using broth enrichment and culture on chromogenic media. Nearly three quarters of patients found positive for MRSA with the gold standard culture method were identified by the TwistDx rapid MRSA detection test in less than twenty minutes.

· The results show considerable promise but suggest that further work is required before the test can be used clinically. Further work is required to identify the reasons behind the false negative tests. This would include an analysis of the isolates not detected, to identify if the primer set is appropriate and potentially improving the performance of the test by changing other reagents. Similarly, it will be important to thoroughly evaluate the false positives. In particular, reviewing patients to identify if they were receiving therapy for MRSA activity at the time samples were taken.

· Following evaluation of the false negatives a further programme of testing in the laboratory environment can be carried out. If successful, and the equipment can be developed further, a trial at the point of care would be warranted.

Further information:

Smart Solutions for HCAI is run by TrusTECH®, the North West Innovation Hub. 

www.smartsolutionsforhcai.co.uk
www.trustech.org.uk
www.clean-safe-care.nhs.uk
www.twistdx.co.uk








































































