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Title:

Setting of standard procedures for evaluating bioaerosol prevention capacity and safe reusing of medical N95 respirator
Background:

N95 respirator is commonly used for the protection of bioaerosol infection. However, due to the pandemic of SARS-CoV-2,
the supply of the N95 respirator is stagnant in many settings. It causes the re-use of N95 respirator, which is originally
disposable, with non-evidence based sterilization/disinfection methods. It will be necessary to establish appropriate
sterilization/disinfection method to re-use N95 respirator without reducing its bioaerosol protection capacity. It is also
necessary to establish an appropriate method to evaluate the bioaerosol protection capacity of the N95 respirator because it is
originally not for bioaerosol protection use.

Objectives:

The primary objective of this study was to establish a standard procedure for safe disinfection or sterilization that does not
affect the performance of the N95 respirator. As the second objective, we establish a method for evaluating the performance
of N95 respirators using bioaerosol.

Methods:

NO95 respirators evaluated

3M, KOKEN, Shigematsu, and Hogi were selected as the manufacturers of N95 respirators. The N95 respirators of each
manufacturer used were 8210 (3M), Hirac 350 (Koken), DD02-N95-2K (Shigematsu), and HPR-R (Hogi), respectively.

Evaluation of damage and effectiveness sterilization or disinfection methods

As a disinfection or sterilization method, 10 min of immersion in 70% ethanol, 0.1% hypochlorous acid, 0.3% peracetic acid,
0.2% alkyldiaminoethylglycine hydrochloride aqueous solution, hypochlorous acid water, plant mineral activated water (Tera
Protect, ORIX, Tokyo), autoclave (121 °C, 30 min), pasteurization (65 °C, 30 min) and hydrogen peroxide plasma sterilization
(Steriace 100, Saraya) were used. After sterilization/disinfection, the filtration capacity of each N95 respirator was examined
(n=23).

To evaluate the effect of sterilization/disinfection, 100 ul of bovine coronavirus, Pasteurella multocida, and Mycobacterium
tuberculosis H37Ra were dropped into each N95 respirator. They were once dried and immersed in 5 ml of phosphate buffer
(PB) and vortexed. Each pathogen was recovered by vortex mixing for 2 minutes (n = 3). For bovine coronavirus, TCIDs
before and after treatment was evaluated, and for P multocida and M. tuberculosis H37Ra, the number of bacteria before and
after sterilization/disinfection was counted with blood agar medium (BD) and Middlebrook 7H10 medium + OADC
supplement (BD), respectively.

N95 respirator performance evaluation using bioaerosol

The viable bacteria and virus were used for evaluation as model bioaerosols. These test microorganisms were aerosolized
with a nebulizer unit, sprayed into a simulated atmospheric chamber for 3 minutes, and convected for another 3 minutes to
stabilize the particle size of the bioaerosol before evaluation. The bioaerosol in the simulated atmosphere chamber was
aspirated in a certain amount with or without the N95 respirator loaded in the NILU holder, and the permeated bioaerosol was
quantitatively collected. Biological quantification was performed as described in the previous sub-section.

Results:

Performance changes of N95 respirator due to sterilization/disinfection

The performance changes of the N95 respirator due to each sterilization/disinfection method differed for each maker’s product.
70% ethanol, 0.1% sodium hypochlorite aqueous solution, 0.3% peracetic acid aqueous solution, autoclaving, hypochlorous
acid water, and plant mineral activated water have significantly deteriorated the performance in any of the N95 respirators.
Performance degradation (increased permeability) was observed in 0.2% alkyldiaminoethylglycine hydrochloride aqueous
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solution and hydrogen peroxide plasma sterilization, and the permeation performance was significantly deteriorated by 50 to
70% in all N95 respirators tested. Only pasteurization showed no deterioration in performance, even after 10 times of repeated
sterilizations.

Effect of sterilization/disinfection

All sterilization and disinfection methods showed a decrease in virus titer below the detection limit. In P multocida, the
inoculum volume was 1.41x10° CFU and the recovery rate was 0.85-1.02%. At least 99.99% was shown to be sterilized.
Furthermore, in M. tuberculosis H37Ra, the inoculum amount was 0.83x10° CFU, and the recovery rate was 0.23-0.96%. It
was considered that at least 99.95% had a sterilizing effect.

Results of transmittance measurement

The transmittance of bovine coronavirus was as high as 4.47-20.18%, that of Pasteurella was as low as 0.02—6.13%, and that
of M. tuberculosis (H37Ra / BCG) was as low as 0.02—1.19%. Regarding the difference between the respirators of the four
manufactures, bovine coronavirus had a significantly reduced virus titer that permeated in 3/4 companies, and Pasteurella and
tubercle bacilli significantly permeated in all four N95 respirators. A decrease in the number of bacteria (CFU) was confirmed
(n = 3). It was confirmed that the N95 respirators significantly reduced the transmittance of bioaerosols. In addition, bovine
coronavirus tended to show higher transmittance than the two bacteria in all N95 respirators. It was confirmed that there was
a difference in performance depending on the manufacturer of the N95 respirator.

Conclusion:

Verification of sterilization/disinfection methods for the re-use of N95 respirators has shown that the currently recommended
hydrogen peroxide plasma sterilization is inadequate as it increases permeability by more than 50% with a single treatment.
In this verification, pasteurization was found to be the optimal sterilization method.

A performance evaluation procedure for the N95 respirator was established using viral and bacterial bioaerosol particles. As
a result of examining the collection efficiency of three bioaerosols with N95 respirators, the virus tended to show a lower
collection efficiency than bacteria in all N95 respirators. In addition, a comparison of each bioaerosol used also confirmed a
difference in collection efficiency among the four approved N95 respirators, suggesting the need for new performance
evaluation using bioaerosol particles. Since this investigation was conducted with a relatively high concentration of virus and

bacteria, it is necessary to compare the results with a similar investigation at a lower concentration.



