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Minimal influenza virus
transmission from touching
contaminated face masks:
a laboratory study

Yuxuan Fan%23, Hidekazu Nishimura'™, Soichiro Sakata*, Yasuhiro Okada®, Satoru Ebihara?,
Julian W. Tang®”* & Masahiro Kohzuki*®

The risk of virus transmission via the touching of contaminated masks has long been assumed by
infection control teams. Yet, robust evidence to support this belief has been lacking. This risk was
investigated in a laboratory setting by measuring the amount of viable influenza virus successfully
transferred from artificially contaminated medical (surgical) mask surfaces to a human finger used to
swipe their outer surface under various experimental conditions. Despite being exposed to high levels
of virus contamination on the masks, very little or no viable virus was successfully transferred from the
mask to the finger in these experiments.

Respiratory viral infections such as influenza have been considered to spread through two major routes: by inha-
lation of aerosols or droplets and via direct or indirect contact with contaminated surfaces. The latter route has
long been emphasized in the field of infection control. The touching of contaminated masks is also traditionally
assumed to be a risk of viral transmission in hospital infection control practices for the prevention of nosocomial
infection of influenza, as well as of other infectious diseases. However, there is a notable lack of evidence sup-
porting this route of transmission, despite the amount of infection control guidance related to this, including
various personal protective equipment (PPE) donning/doffing guidelines’.

This study, conducted in a laboratory setting, investigates this risk for influenza transmission by quantitatively
assessing the transfer of viable viruses from artificially contaminated medical (surgical) masks to human fingers.
The surgical masks were exposed to airborne virus under differing experimental conditions, which mimicked
common clinical exposure scenarios.

Results

Overall, with this experimental simulation, the number of transferred viruses was under the detection level or
almost undetectable from the contaminated mask surfaces to the swiping finger. No virus or only a small amount
(maximum 10 pfu) of the virus was detected in the experiments that used the nebulizer and coughing machine,
which used large amounts of the virus under conditions reasonably favorable for influenza virus survival (20 °C,
20% RH) (Fig. 1a, b). Similarly, in the spray experiments under a variety of temperatures and RHs, little or no
virus was detected on the swiping fingertip (Fig. 1c).

Discussion

Surgical masks are designed to capture and trap aerosol particles by multiple means, including inertial impaction,
gravity sedimentation, electrostatic attraction, diffusion, and interception?. It has been a concern that viral trans-
fer from the mask surface contaminated with the virus via fingers or hands causes infection since people touch
the face frequently while even wearing it (e.g., 5-6.4 face touches/h)**. However, there is little or no evidence
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Fig. 1. External mask surface-to-finger virus transfer results, after mask exposure to the simulated environmental aerosols
(a), simulated coughing (b) and large droplet spraying (c). For a (simulated environmental aerosols), the column plots show
the amount of exhaled viable influenza virus particles (solid bar) and viral RNA (open bar) captured in the aerosols after
sampling for 30 min from the air (I), the theoretical maximum amount of virus that should be captured on the mask during
30 min of simulated breathing (II), and the measured amount of virus collected by a finger swipe from the mask surface
(III). Column (IV) shows the viral RNA copies detected from the outer layer of the mask. For (b) (simulated coughing), the
amounts of viable virus (solid bar) and viral RNA (open bar) detected after finger-swiping of the mask, at exposure from
distances of 100 and 200 cm are shown. For (c) (large droplet spraying), the plaque-forming (viable) virus and viral RNA
detection, are shown at 20 and 30 °C, at 20, 50, and 70% relative humidities, for each size (100, 200, and 500 pm diameter) of
the droplet, at 30 min sampling times. In all figures, the dotted and dashed lines show the minimum detection limits of the
plaque-forming and RT-qPCR assays.
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of transfer of the viable virus. Our calibration studies (Figs. S1c, S2b, S3) were performed in order to measure
the viral load in the air when it was directly sampled for 30 min (225 L). This gave an estimate of the viral load
entering the breathing zone of the unmasked manikin head and the total amount of virus passing through the
mask area. This allowed an approximation of the theoretical maximum amount of virus that could potentially
be trapped on or within the mask. They showed a clear contrast with the viral load recovered from the finger that
swiped the mask surface. The viral titer of the sampled aerosol was 5.9 x 10? pfu/L air and 4.9 x 10* viral RNA
copies/L air (see Fig. 1a). This is far higher than various studies of ambient aerosol viral loads for influenza in
real-world studies®®. Yet, despite exposing the mask to these massive aerosolized virus loads, little or no viable
virus transferred to the fingertip from the mask surface. From these results, it would be unlikely that viable viruses
would be recovered from fingertips that touched contaminated physical and environmental surfaces, even with
different types/subtypes of other human influenza viruses.

So why was the amount of virus recovered from the mask surface via the fingertip so low? Firstly, not all of the
airborne viruses inhaled through the mask would remain on the outer layer of the mask since a certain proportion
of the inhaled viruses penetrate a surgical mask’. Those viruses that passed through the surface layer would not
be touchable by the swiping fingertip. This ratio of surface (touchable) virus versus virus possibly penetrating
the mask can be deduced as follows. In the pre-experimental calibration studies, the amount of virus that could
have been inhaled without the mask, was theoretically calculated to be 1.0 x 107 viral RNA copies. The actual
viral load detected from the surface sheet of the central area cut out was only 2.4 x 10° viral RNA copies (mean
of 3.19 x 10° and 1.47 x 10° copies). Hence, the recovery efficiency of viral gene copy numbers is 2.4 x 1072, Sec-
ondly, the airborne virus in this study had a viable virus/viral RNA copy ratio of about 1:10° (Fig. 1a column I).

So if this same recovery rate could be applied to the virus detected on the mask outer layer (2.4 x 10° viral RNA
copies), about 2.4 x 102 pfu of viable virus might be detected. However, the amount of detectable virus recovered
from the fingertip swipe was only < 3.3 pfu (less than the detection limit of the plaque assay) and < 3.0 x 10 viral
RNA copies (less than the detection limit of the PCR assay) (the recovery efficiency of viable virus, < 1.4 x 107%)
(Fig. 1).

We noted relatively little change in the ratio of the airborne viruses released from the nebulizer for 30 min
after atomization in the calibration experiments (Fig. S4). Therefore, this discrepancy is logically attributable to
either some degree of viral inactivation on the mask surface, poor efficiency of the viral transfer from the mask
surface to the finger, or a combination of the two. It might apply to the experiments using the coughing machine
and sprays. Regarding the poor viral transfer efficiency from the mask surface, one may doubt the generaliza-
tion of the result since our study was on only one brand of water-repellent surgical masks made of non-woven
chemical fiber filters. However, there was a report that the transfer efficiency of a virus from the porous surface
of the polyester fabric was also very poor at about 0.3%*.

It is notable that despite the viral loads used in these transmission experiments being very high compared to
real-world settings, there was still little or no transmission via fingertip swiping. In addition, even if a very small
amount of the virus were transferred to the fingertip or hand, their viability would decrease rapidly>'°. Further-
more, the transmission of influenza via fingers is thought to occur by contact of the contaminated fingertip with
the nasal mucosal membrane, but the low infection efficiency by such a nasal route was also seen in data from
an efficacy study for the influenza drug, oseltamivir'!. Therefore, based on these study results, the risk of viral
transmission via this fingertip-mask surface-touching route appears extremely low—in contrast to commonly
cited infection control guidance.

While we agree that a ‘bundled’ approach to infection control may be effective in sending a single message of
how to disinfect surfaces and maintain good hand hygiene, we believe that this can go too far, as was seen with
the excesses of ‘hygiene theatre’ highlighted during the COVID-19 pandemic'?. At least one other real-world
study showed little or no external mask viral contamination'’. Thus, that study, together with the results in this
current study and the plausible mechanisms discussed to explain these findings, are likely applicable to other
human respiratory viruses that are also substantially airborne!*!>.

This is not to say that hand-washing and fomite transmission precautions are not important. This study,
together with another'?, simply suggests that the risk of viral transmission via touching the surface of used
masks is low.

Methods

Surgical masks and experimental set-up

Water-repellent surgical masks (Medical Mask CP, Taketora, Tokyo, Japan) are made of three sheets of non-woven
chemical fiber filters. They were exposed to a variety of ‘source’ influenza virus aerosols/ droplets generated in
different ways: (1) via a commercial electric nebulizer (NE-C28, Omron Healthcare, Kyoto, Japan) to simulate
general environmental airborne virus contamination, including that generated from coughing and sneezing
(particle sizes: 0.3-5 pum, Fig. S5); (2) a coughing machine simulating strong coughs, with exit particle velocities
of 9 -12 m/s'® (AC100, Saika, Tokyo, Japan) (particle sizes: 0.1-100 um, Fig. $6); and (3) larger droplets gener-
ated by carefully calibrated spray bottles to simulate occasional exposures of the mask surface to large droplets
contained in droplets released by speaking, coughing, or sneezing from a short distance of 40 cm (approximate
particle sizes: 100, 200, and 500 pum, Fig. S7)"”. All experiments were performed within an air-tight environmental
chamber (3.6 m long x 3.3m wide x 2m tall) or 1 m? cube, at 20 °C and 20% relative humidity (RH), except the
spraying experiments that were performed at 20 and 30 °C, and 20, 50 and 70% RH conditions.

Simulations for human subject and exposure
A ‘recipient’ (exposed) manikin head was connected to a ‘breathing’ machine (SN-480-3, Shinano, Tokyo) (0.5 L/
breath, 15 breaths/min) and set as a simulation model of a human wearing a mask?® (Figs. 2, S1, S8). The idea was
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Fig. 2. Apparatus and set-up for the breathing aerosol experiments. Schematic of the controlled environment
room containing a 24 m? closed chamber used for these aerosol experiments (a). Electric nebulizer used to
generate the aerosols (b).

that any virus-laden aerosols would be pulled towards the outer mask surface and become trapped there during
the inhalation-exhalation (breathing) cycle, which would then act as a source of contamination to any fingers
subsequently touching this outer mask surface. For general environmental exposure to the nebulizer-generated
aerosols, the viral fluid was atomized for 30 s, followed by mixing the chamber air. The masked manikin head
was set to breathe for 30 min from the start of the atomization to inhale the aerosol with the virus through the
mask. After this, a human finger (coauthor YF) that had been cleaned (in 70% W/V ethanol) and allowed to
dry, was used to swipe a 2 cm X 2 cm central area of the outer surface of the mask (Fig. S2 b). This now ‘contami-
nated’ finger was then rinsed immediately for up to 20 s with 3 mL MEM (viral minimum essential media). This
MEM was then used in a viral plaque assay to detect and quantify any viable virus. It was also used in a reverse-
transcription PCR (RT-PCR) assay to quantify any viral RNA present (Fig. S8).

Finger-swiping experiments

For the nebulizer experiments, where the manikin head was attached to the breathing machine, we also examined
how much virus was present on the masK’s outer surface that might be available to the finger swipe. For this, the
2cm x2cm central area of the mask that was not swiped by the finger as a control was also cut out, and its outer
surface sheet was vortexed in RNA extraction buffer, which was then tested using the RT-PCR assay to directly
quantify the amount of virus present (Fig. S8d). This same finger swiping and virus detection process, after the
same 30-min delay, was repeated after the masked manikin head was exposed to the simulated coughing (five
coughs, at 100 and 200 cm distance, expelling a total of 0.22 mL of viral fluid (Fig. S1b). For each new exposure
distance, the manikin head was fitted with a new mask. The spraying experiments were performed at two tem-
peratures (20 and 30 °C) and three different relative humidities (20, 50, and 70%) without connection to the
breathing machine, with 2x spray puffs used for each particle size (100, 200, and 500 pum), from a distance of 40
cm distance, exposing the mask to a total of 0.08-0.25 mL of the viral fluid, containing up to a total of 107 pfu of
virus (Fig. S9). For each new particle size, the manikin head was fitted with a new mask.

Aerosol sampling

Aerosolized influenza viruses were collected into MEM using a sampling system consisting of an air sampler
containing a gelatin filter (MD8 AirScan Sartorius AG, Géttingen, Germany)®. Air containing airborne virus
was pulled through the filter by the breathing machine for a sampling time of 30 min. The gelatin filter (80 mm
diameter) membrane was dissolved in 10 mL MEM and then subjected to conventional plaque or real-time
RT-qPCR assay detection.

Virus and cell culture

The virus used in these experiments was influenza A/Aichi/2/68 (H3N2), which was propagated in the allantoic
cavity of 10-day-old fertilized hens’ eggs and then stored at— 80 °C as the working viral fluid. The viable titer of
the viral fluid was about 10® pfu/mL, and its protein concentration was about 10 mg/mL. Madin-Darby canine
kidney (MDCK) cells were cultured in minimum essential medium (MEM; Sigma-Aldrich, St. Louis, MO, USA)
containing 10% fetal bovine serum (Thermo Fisher Scientific, Waltham, MS, USA), 1.7% glucose, 100 unit/mL
penicillin G (Meiji Co., Tokyo, Japan), and 100 pg/mL streptomycin, sub-cultured in 24 well-plates and used for
the conventional plaque assay of the virus.
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Plaque assay of the virus

Briefly, MDCK cells cultured in 24-well plates were inoculated with the viral sample and placed in a 5% CO,
incubator at 34 °C for 1 h, followed by washing with serum-free MEM, overlayed with MEM supplemented with
5 ug/mL trypsin and 0.8% agar, and kept in the incubator at 37 °C. After two days, the overlay was removed, and
the cell layer was stained with 0.1% crystal violet in 20% methanol for plaque number counting.

Viral RNA testing
Viral RNA was extracted from samples using the QIAamp viral RNA Mini Kits (QIAGEN, Hilden, Germany)
according to the manufacturer’s protocol. A quantitative reverse transcription polymerase chain reaction assay
was performed using PrimeScript One Step RT-PCR Kit Ver.2 (TaKaRa Bio, Shiga, Japan) with specific primers
for RT-PCR designed for forward (5-TAACCGAGGTCGAAACGTA-3’) and reverse (5-GCACGGTGAGCG
TGAA-3’) and probes targeting the matrix protein 1 (M1) gene'®.

All the experiments using the virus were performed at least twice, and averages of viral titers were shown
in the graphs (Fig. la, b), except the spray experiments that were performed three times, and the averages and
standard deviations were shown in the graph (Fig. 1¢).

Data availability
Data will be available upon reasonable request to the Corresponding Authors.
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