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Objectives: Non-traditional materials are used for mask construction to address personal protective equipment shortages during the
coronavirus disease 2019 (COVID-19) pandemic. Reusable masks made from surgical sterilization wrap represent such an innovative
approach with social media frequently referring to them as “N95 alternatives.” This material was tested for particle filtration efficiency
and breathability to clarify what role they might have in infection prevention and control.
Methods: A heavyweight, double layer sterilization wrap was tested when new and after 2, 4, 6, and 10 autoclave sterilizing cycles
and compared with an approved N95 respirator and a surgical mask via testing procedures using a sodium chloride aerosol for N95 efficiency testing similar to 42 CFR 84.181. Pressure testing to indicate breathability was also conducted.
Results: The particle filtration efficiency for the sterilization wrap ranged between 58% to 66%, with similar performance when new
and after sterilizing cycles. The N95 respirator and surgical mask performed at 95% and 68% respectively. Pressure drops for the sterilization wrap, N95 and surgical mask were 10.4 mmH2O, 5.9 mmH2O, and 5.1 mmH2O, respectively, well below the National Institute for
Occupational Safety and Health limits of 35 mmH2O during initial inhalation and 25 mmH2O during initial exhalation.
Conclusions: The sterilization wrap’s particle filtration efficiency is much lower than a N95 respirator, but falls within the range of a
surgical mask, with acceptable breathability. Performance testing of non-traditional mask materials is crucial to determine potential
protection efficacy and for correcting misinterpretation propagated through popular media.
Key words: Particle size, Masks, Personal protective equipment, COVID-19, Sterilization

INTRODUCTION
N95 respirators are essential components of the personal
protection equipment (PPE) for healthcare personnel at highReceived: August 11, 2020 Accepted: November 30, 2020
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risk exposure to the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus [1]. Unreliable or insufficient procurement of PPE supplies including Unite States National Institute for Occupational Safety and Health (NIOSH)-certified N95
respirators have spurred creative solutions in the quest to protect healthcare workers during the coronavirus disease 2019
(COVID-19) pandemic. One innovative approach includes making masks from surgical sterilization wrap, similar to the University of Florida patented masks [2] that might potentially be
reused after autoclave sterilization (Figure 1A). The appeal of
sterilization wrap as raw material for mask construction is based
on its perceived but unconfirmed ability to provide filtration
protection similar to N95 respirators, its common availability

Copyright © 2021 The Korean Society for Preventive Medicine

31

Destiny F. Chau, et al.

A

B

Figure 1. (A) Mask constructed with double layer surgical
sterilization wrap. (B) Close up of Medline® two-color, bonded, double layer heavyweight sterilization wrap (Gem4118T,
Medline Industries, Mundelien, IL, USA).

in most hospitals and its lendability for mask-making. Given
the difficulty of obtaining sufficient N95 respirators, masks
made with sterilization wraps were propagated in social media and public threads as alternatives to N95 masks with circulating pictures of staff producing the masks for potential clinical use. While this idea is resourceful, without objective testing
it is unknown whether these masks are indeed as protective as
claimed for our frontline workers. Popular media can effectively propagate COVID-19 related disinformation and misinterpretation leading to negative impact [3]. Objective performance
testing of non-traditional materials is paramount to clarify
what role these new masks have in infection control. Data is
lacking regarding the particle filtration efficiency of sterilization wrap when repurposed as masks or respirators.
N95 respirator filtering material and sterilization wraps both
contain layers of non-woven polypropylene fibers. In particular,
sterilization wrap contains these fibers in layers of meltblown
fabric and spunbond material [4] and is described as a three-ply
polypropylene sheet or “SMS”: spunbond-meltblown-spunbond. The three layers are held together by bonding at many
points across the surfaces. The SMS sheet is porous enough to
allow ethylene-oxide and steam to pass through the material
to the surgical instruments while offering filtration to minimize
the passage of pathogens. A common protocol for heavy duty
surgical instruments is to wrap them twice sequentially, using
two individual sheets of SMS to preserve their sterility in case
one sheet is broken. To save one wrapping step, double layer
(two SMS sheets) bonded sterilization wraps are also commercially manufactured and are usually bi-colored (Figure 1B) [5].
In contrast to sterilization wraps, the N95 filtering material un-
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dergoes an added electrostatic charging process that can enhance filtration performance by as much as 10 times to 20 times
[6]. Under normal circumstances, both N95 respirators and sterilization wraps as described are intended for single-use only.
The term “N95” indicates a respirator with a 95% minimum
efficiency when filtering the most penetrating particle sizes
(MPPS) of non-oil aerosols, usually reported as 0.3 µm [7,8]. Due
to the intrinsic characteristics of N95 filtering media, particles
sizes below and above the MPPS are effectively blocked with
greater than 95% efficiency [7,8]. The NIOSH certification process for N95 respirators requires filtration efficiency of at least
95% for sodium chloride (NaCl) particles with a size distribution
count median diameter of 0.075±0.020 µm and a geometric
standard deviation ≤1.86 [9]. Alternatively, sterilization wraps
have a manufacturer-stated bacterial filtration efficiency (BFE)
rating above 95% [10] (Supplemental Material 1) using test
bacteria of 1-3 µm as indicated by an American Society for
Testing and Materials method [11]. The BFE rating of >95% efficiency for bacterial filtration can be confused with the >95%
particle filtration efficiency of an N95 respirator and may lead
to the incorrect assumption that they have equivalent filtration efficiency.
This study was conducted to determine whether Medline®
Gem4118T sterilization wrap has a particle-capture efficiency
similar to 3MTMVflexTM N95 material when using a variant of
the NIOSH method. Given the ability of surgical sterilization
wrap to withstand the autoclaving process, we also tested for
degradation in efficiency after multiple sterilizations. Testing
and comparison to a surgical mask (Halyard 47567) was also
performed.

METHODS
We tested the filtration efficiency of a sterilization wrap when
new and after autoclave cycles. Samples of Medline® two-color, bonded, double layer heavyweight wrap (Gem4118T; Medline Industries, Mundelien, IL, USA) as well as an N95 respirator
(VflexTM; 3M Corp., Saint Paul, MN, USA) and a surgical mask
(Halyard 47567) were subjected to particle efficiency testing
using an NaCl aerosol similar to NIOSH specifications to certify
N95 Filtering Facepiece Respirators (42 CFR 84.181) [9] with
some exceptions as described below.
An NaCl aerosol was generated from a 2% solution applied to
a nebulizer (Model 3076; TSI Inc., Shoreview, MN, USA), then dried
by passing through a heated steel tube, and charge-neutral-
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Figure 2. Respirator filtering testing apparatus.

ized with a bi-polar ion source (Model 3088; TSI Inc.) (Figure 2).
The generated aerosol was diluted with filtered air resulting in
a particle-laden air at 25°C (77°F) and 35% relative humidity.
Aerosol generation was allowed to stabilize for at least five
minutes before testing. A column with a 27-mm diameter inner
hole was used to test the mask material. The flow rate through
the column was adjusted such that the velocity of air drawn
through the column would be equivalent to the velocity through
the entire mask at 85 L/min, the standard flowrate for the NIOSH
method. Airflow calibration was conducted using a primary
calibrator (Gilian Gilibrator 2; Sensidyne, Clearwater, FL, USA)
before each test. Aerosol particle count and size distribution
were measured with a scanning mobility particle sizer (SMPS)
consisting of electrostatic classifier (Model 3080; TSI Inc.) in
combination with a condensation particle counter (Model 3785;
TSI Inc.). The SMPS counted particles within 103 channels ranging between 7-289 nm. As required by the certification procedure, the NaCl aerosol is to have a geometric mean diameter
of 0.075±0.020 µm and a geometric standard deviation ≤1.86,
which was verified with the SMPS prior to a test. As shown in
Figure 2, the sample line to the SMPS was evenly split to enable sampling of particles upstream and downstream of the
filter media held in the central portion of the sample column.
A valve was manually turned to direct flow to the SMPS from
the upstream side of the filter media to the downstream side.
Particle efficiency was determined as a ratio of the particle
concentration downstream ( ) of the mask sample and concentration upstream ( ) of the mask sample over the entire
range of the NaCl particle distribution.

The trials were conducted using the guidance in 42 CFR
84.181 with some exceptions: the mask materials were not
preconditioned to 85±5% relative humidity at 38.0±2.5°C
for 25±1 hours and were not preloaded with NaCl challenge.
Particle and the material were measured with a condensation particle counter associated with the SMPS rather than
with the photometers used in the standard filter tester (Model
8130; TSI Inc.). Due to cost limitations, we preliminarily tested
only one sample of each item rather than twenty.
Initial pressure drops across the filter media, or “breathing
resistance,” measurements were also conducted using the sample column. The same holes used to sample upstream and
downstream the filter media were connected to a sensitive,
calibrated pressure transmitter (Series 646; Dwyer Instruments
Inc., Michigan City, MI, USA) that measures in the range of 0-65
mmH2O air pressure. The voltage output signal of the transmitter was received by an analog-to-digital converter and
read using LabVIEW software (National Instruments, Austin,
TX, USA). During a pressure trial, the media was subjected to
the same flow rate applied to the mask as when determining
particle capture efficiency.

Ethics Statement
This materials study was exempt from local institutional review board review as human subjects were not involved.

RESULTS
The particle filtration efficiency results are displayed in Table 1,
including the pressure drop across each filter media to evaluate for breathing resistance.
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Table 1. Material particle filtration efficiency and pressure drop
Samples

Material Pressure drop
efficiency, %
(mmH2O)

New sterilizing wrap

62.4

10.4

After 2 autoclave cycles

66.7

-

After 4 autoclave cycles

66.3

-

After 6 autoclave cycles

58.2

-

After 10 autoclave cycles

61.2

10.4

Average, sterilizing wrap samples (n=5)

63.0

10.4

N95 (3MTMVflexTM)

95.6

5.9

Surgical mask (Halyard 47567)

68.8

5.1

Additionally, qualitative fit testing with indicators following
the United States Occupational Safety and Health Standards
protocol 1910.134 App A [12] were performed by the corresponding author’s Occupational Health personnel and found to be
successfully passed for all three clinicians tested, each with
masks made with the above Medline® Gem4118T sterilization
wrap using the University of Florida prototype 2 pattern [2].

DISCUSSION
The data show that the Medline® Gem4118T sterilization
wrap has a substantially lower particle filtration efficiency
compared to that of N95 respirator (3MTMVflexTM) filtering media. Although the testing protocol followed the NIOSH 42 CFR
84.181 with variations as described could have potentially
lowered the measured efficiency, the 3MTMVflexTM N95 respirator sample still showed an efficiency >95%, suggesting that
the modified testing was predictive for the N95 sample. Manufacturer-stated BFE ratings for two widely used brands of
sterilization wrap are comparable, citing the Medline Gem4
series mean of 98.8% (Supplemental Material 1) and the Halyard H600 median of 99.9% [10]. Note that Halyard H600 is
the former Kimberly-Clark KC600 after product rebranding
[13]. It is important to highlight that these efficiency values
are not applicable for particle filtration but rather for bacterial
filtration. Particles in the size range of bacteria are far more efficiently removed than the much smaller NaCl particles used
in the NIOSH certification process; BFE testing use particles
with diameters up to 40 times larger than 0.075 um, so even
non-N95 filters may show high efficiency [8,9]. We believe this
confusion of particle filtration efficiency with BFE contributed
to the promotion of sterilization wrap as an N95 substitute
material, in addition to its ability to be easily decontaminated
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with a steam sterilizer that may allow reusability.
The results indicate that surgical sterilization wrap would
not be an adequate material for N95 respirator alternatives.
However, its measured particle filtration efficiency falls within
the range of surgical masks [14]. We did not verify the thirdparty BFE data provided by the manufacturers [10] (Supplemental Material 1) as the focus of this study was to determine
particle filtration efficiency and comparison to N95 respirators.
Respiratory protection through filtration efficiency can occur only in the setting of a competent face seal [15]. Surgical
masks are routinely worn with a loose fit permitting mask
leaks during inhalation, as they are not specifically designed
for filtration of small particles during wearer inhalation [14,16].
A sterilization wrap mask with proper face seal could potentially make it an adequate extender for surgical masks. Regarding airflow resistance for N95 respirators, it should not exceed
35 mmH2O during initial inhalation or 25 mmH2O during initial
exhalation per NIOSH testing stipulations [17]. Note that
NIOSH testing at 85 L/min of airflow simulates breathing during moderate to heavy work conditions [18]. Thus, the resistance to breathing of the Medline® Gem4118T sterilization
wrap at 10 mmH2O, albeit higher than the resistance for the
two other materials, was well below the NIOSH recommended
limit as stated above [17]. After 10 autoclave cycles, the measured particle filtration efficiency and pressure drop were essentially unaltered. Note that reusing and repurposing singleuse sterilization wrap through autoclaving is not recommended by the manufacturer. Limitations of this study include limited testing for one type of sterilization material. Testing of other
sterilization wrap materials, including those from other manufacturers could expand the results of this study.
Currently, the evolution of the COVID-19 epidemic remains
unpredictable with waves of surging cases in different parts of
the world. The continuing need for adequate PPE coupled
with supply chain instability are still leading to shortages of
crucial PPE for the healthcare workers. As non-regulated commercial and homemade PPE are found promoted in popular
and social media, research and performance testing of nontraditional materials and equipment are necessary to ensure
its proper role in infection prevention and control while correcting disinformation and misinterpretation.
In conclusion, this study provides preliminary data for usage
of Medline® Gem4118T sterilization wrap in mask construction as a response to urgent shortages of surgical masks and
N95 respirators for protection during the COVID-19 pandemic.

Particle Efficiency Surgical Wrap Masks

Results show that the Medline® Gem4118T sterilization wrap
mask’s particle filtration efficiency is much lower than that of a
NIOSH-approved N95 respirator but falls within the range of a
surgical mask, with acceptable breathability. Repeated autoclaving did not affect the Medline® Gem4118T sterilization
wrap’s particle filtration efficiency or resistance to breathing.
Performance testing of non-traditional mask materials is crucial to determine potential protection efficacy and for correcting misinterpretation propagated through popular media.
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