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Outline of Research and Development

In recent years, the remanufacturing of single-use medical devices (SUDs) has contributed to the continued maintenance
of today's medical systems, as it can effectively utilize resources, reduce waste in medical institutions, and reduce medical
costs, are expected. In the present study, to provide safety information at the time of handling such as cleanliness of
remanufactured SUD and collection of used SUD, optimization of residual protein and residual endotoxin evaluation

method, used SUD based on bioburden I tried to organize the concept of cleanliness.

(1) Research on optimization of residual protein evaluation method in the remanufacturing cleaning process of single-use
medical devices

Regarding the method of assessing the cleanliness of the reprocessed SUDs, neither guidelines nor standards exist in
Japan or abroad. Therefore, an evaluation method was cited from an ISO standard of test method criteria to demonstrate
the cleaning effectiveness of washer-disinfectors, which was based on two papers. However, medical device materials
have a wide variety of characteristics such as structures and properties. Various solvents have been used to recover residues
under different conditions such as pH of buffer solutions, temperature, treatment time, and extraction methods. It is difficult
to quantify accurate recovered substances for all medical devices uniformly. In this study, we have optimized the evaluation
method of residual proteins, which is one of the main markers in the cleanliness evaluation of the reprocessed SUDs. To
develop the recovery method, we used sample plates, which were made of two plastics (polycarbonate and polyethylene
terephthalate) and two metals (stainless steel and titanium), and fetal bovine serum, porcine whole blood, and sheep whole
blood were applied to and dried under 25°C-240°C. To extract residual proteins from the sample plates, various conditions
were compared by shaking, sonication, and heating for several solutions. Finally, we proposed 1% SDS, 10 mM TCEP, 10
mM HEPES (pH 7.0) as a solution, to leave the samples in the solution at 25°C overnight as an extraction method after
shaking, measure the ultraviolet-visible adsorption at 340 nm for reacting with o -phthalaldehyde under a reducing agent
as a quantification method in order to simplify the extract and quantify method and to use for various materials. To verify
the extraction and quantification method, reusable medical devices and reprocessed SUDs were examined by the method
after appropriate cleaning and sterilization. In the final year, a domestic inter laboratory test was conducted to transfer the
new technique and to validate the method by 9 facilities. We confirmed the protein recovery rate of the solution was more

efficient than the current one and the evaluation method was effective.

(2) Study on optimization of residual endotoxin evaluation method in the remanufacturing cleaning process of single-use
medical devices

In this study, test samples or used SUDs that have been appropriately cleaned and sterilised were used to compare and
validate the performance of the endotoxin test with the direct HCPT and the optimal method for in vitro pyrogenicity
testing of remanufactured SUDs. Compared to the endotoxin test, direct HCPT was shown to be more sensitive and to
have superior detection capacity, especially in metallic materials. Cell lines are can be passaged and maintained, while
human frozen cells are sensitive but not passatable. It is therefore important to select cells according to their purpose. The
accumulation of endotoxins on metals and polymeric materials due to repeated use was shown to be negligible in terms of

biological safety.

(3) Research on establishment of acceptable standard values in cleanliness evaluation considering human safety
Although it is practically difficult to set the permissible residual protein level of remanufactured SUD through various
toxicity tests, an evaluation focusing on bioburden is considered useful. Remanufacturing of SUDs that have been in
contact with tissues at risk of prion infection, such as the brain and spinal cord, and SUDs that have been used to treat
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patients with category I to IV or other designated infectious diseases are prohibited, so patient-derived risks are relatively
low. The microbial contamination during transport of used SUDs from hospital storage to remanufacturers is the main
risk. Therefore, in this project, we investigated the bioburden of used SUDs, assume the worst case using the most toxic
exotoxins, etc. that can remain as an index, and aimed to build a concept to estimate the allowable residual protein value
from the toxicity data. DNA was extracted from samples collected by swabbing the surface of used SUDs provided by
the University of Tokyo hospital and Osaka University hospital, and bioburden was identified using genetic analysis
methods. The samples were roughly divided according to the application site, and the DNA of 4 to 5 samples was
collected, the microbial DNA was concentrated, and meta-shotgun analysis was performed using a next-generation
sequencer. As a result of collecting information on 226 species of bioburden identified from SUDs used in 190 surgeries
(number of patients), and the number of exotoxin-producing bacteria was 7. E. coli was included among them, but since
enterohemorrhagic E. coli, which is known to have a highly toxic exotoxin, is classified as a category III infectious
disease, it is excluded from collection targets. None of the remaining 6 bacteria were concerned about high exotoxin
toxicity. Based on the results of this study, it is considered unnecessary to discuss the establishment of residual protein
tolerance values from the worst case of exotoxins, and it seems be useful to provide information on the detected

bioburden to manufacturers who are planning to enter the market in the future.



