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Background: The protection against aerosol transmission provided by masks vs face shields or in combina-

tion when speaking indoors is not well understood.

Methods: To simulate a human source, an aerosol generating system was made using a bacterial suspension

in a nebulizer attached to an oxygen cylinder. A fan connected to the nebulizer created aerosols. Transmitted

aerosols were detected using blood agar plates at 0.1524 and 1.8288 meters from source, simulating exposed

person. The study was performed under controlled conditions at room temperature in a biohazard hood

with high-efficiency particulate air (HEPA) filter and UV light.

Results: When face shields were used alone, significant numbers of bacterial colonies grew on blood agar

plates. When a mask used alone for both the subjects (source and exposed), the blood agar yielded minimal

colony forming units at both distances. When face shields were used in combination with masks, no signifi-

cant improvement was observed as compared to masks alone.

Discussion: Our results were similar to what have been observed in related studies.

Conclusions: Surgical masks alone provided good protection, surpassing the protection provided by face

shields alone. Both used together provided the best protection, although the combined protection was simi-

lar to surgical masks use alone.

© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights reserved.

BACKGROUND coughing.®>” Studies have also found that breathing and talking,

while not producing large droplets, can be more infectious for some

Covid-19, caused by the SARS CoV-2 virus, has resulted in over
67 million cases and more than 1.5 million deaths worldwide as of
December 7, 2020.! Despite various control efforts, the disease continues
to spread globally and ongoing local transmission continues in many
countries.? Different transmission routes of SARS CoV-2 need to be better
understood to research effective interventions to curtail disease spread.?

Like many other respiratory infectious diseases such as measles
and influenza, evidence is suggesting that SARS CoV-2 is transmitted
by expelling virus-containing droplets through sneezing or
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diseases.”® During a sneeze or cough, airway secretion droplets
become airborne by expulsion from the mouth at high velocity.’
These droplets vary in size, and dispersion in the environment is also
variable.®'° Small respiratory particles from a patient coughing can
remain airborne and spread widely through a room, leaving health-
care workers and others vulnerable to becoming infected through
inhalation, especially if in the room for an extended period of
time.”!! The rate of air flow in a room will also affect how far droplets
can travel?

The key role of masks is in reducing the amount of aerosols and
almost eliminating larger droplets, as well as splash and spray from
infected persons.'? There have been multiple studies demonstrating
that surgical masks provide infection protection.!>"!> However, some
experts believe that face shields have some advantages over masks:
users report they are more comfortable, not as hot, ease breathing,

0196-6553/© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.
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and provide eye protection.'>'® Moreover, face shields demonstrate
that they can reduce exposure to large aerosol particles by 96% in the
short-term, and 68% with smaller aerosols.” Some experts believe
that face shields should be routinely used in the community for pro-
tection.'® The Swiss government, however, disagrees, citing observa-
tions in an unplanned exposure setting.'”

In this study, we use a simulated environment to compare the use
of masks and face shields in many different experiments to better
understand these interventions and their protective roles, including
source control. Our objective is to compare and contrast protection of
mask vs face shields.

Our study uses a microbiological simulation of a “sick” person,
emitting droplets and aerosols during talking and exhalation to
assess the impact of mask and face shield in preventing airborne
transmission to a “healthy individual” at distances of 0.1524 and
1.8288 meters. We also studied the effect of wearing masks and/or
face shields by the healthy individual to determine whether such an
approach would augment the protection provided by the mask. The
use of masks and face shields in different scenarios was evaluated to
better understand these interventions and their protective roles,
including source control. Our objective is to evaluate the protection
provided by masks and/or face shields on the simulated sick person
and the simulated listener.

METHODS

The study used a microbiological approach to simulate different
scenarios in which a sick person talks to a healthy one: these experi-
ments include exposure with no protection and exposure with pre-
vention measures including using surgical masks and/or face shields
at different distances.

The study was performed under controlled conditions at room
temperature and in a sealed Biosafety cabinet equipped with HEPA
filter and UV light. The methodology for this study was inspired be a
study by Lindsley et al® as well as a demonstration performed by Dr
Richard Davis at Providence Sacred Heart Medical Center.'® To study
the impact of wearing mask or face shield in reducing aerosol trans-
mission from a patient with respiratory tract infection to a healthy
individual, we designed a set up to simulate emission of aerosols
from the mouth of a sick person while talking and a semi-quantita-
tive system to measure the amount of transmitted aerosols to a simu-
lated healthy person (open blood agar Petri plate) in close proximity
to the patient. A bacterial cell suspension was prepared from an over-
night culture of Staphylococcus epidermidis in saline with concentra-
tion adjusted to 0.5 Mc Farland (1.5 x 10% cell/mL). Ten mL of cell sus-
pension was added to a single use nebulizer with tight particle size
distribution (Misty Max nebulizer 10, median aerodynamic diameter
of 1.61 pum, geometric standard deviation of 2.18, Vyaire Medical)
which was connected to an oxygen tank. The nebulizer was adjusted
to an output of 8 liter/min for 30 seconds. The aerosolized bacterial
cell suspension generated by the nebulizer was directed to a T junc-
tion tube where 1 end of T tube was connected to a fan and other end
was connected to the narrow end of a funnel. The fan was adjusted to
provide an airflow of 4 m/s at the wide end of the funnel where the
aerosolized bacteria exit. This was left open or covered with mask,
face shield, both, to test the efficacy of each modification in prevent-
ing aerosol transmission (Fig 1). The fan and nebulizer were turned
on simultaneously during each experiment to generate an airflow
similar to that of a talking person (4 m/s). Solid culture medium
(blood agar Petri plates, Brain heart infusion agar with 5% sheep
blood, 85 mm, Thermo Fisher Scientific/Remel)) simulating a healthy
listener, were placed at 0.1524 and 1.8288 meters from the funnel
were used to evaluate the number of aerosolized bacteria that
reached the detection location. After 30 seconds the nebulizer and
the fan were turned off, each experiment was concluded 2 minutes

Air flow

Surgical mask
Funnel

Air pump

Bacterial cell
suspension

Nebulizer

0, tank

Fig 1. Oxygen cylinder and the nebulizer used to generate air current and to dispense
bacteria simulating normal human speech.

later by covering the culture petri with its lid. Before starting the
next simulation, the air inside the biosafety cabinet was exhausted
through the HEPA filter for 5 minutes. Culture plates were incubated
at 35°C for 18 hours to allow the growth of bacteria and formation of
visible colonies. The number of colonies on the culture media was
used to evaluate the efficiency of mask and/or or face shield wear by
the sick person in reducing the transmission of aerosols. In some sim-
ulations the effect of mask and/or face shield in protecting a simu-
lated listener in close proximity to the emission source (sick patient)
was evaluated by protecting the culture plates with mask and/or face
shield (Fig 2). The resultant colony counts in such situations allowed
us to compare effects of the protective equipment worn by the
exposed listener:

Fig 2. Simulation of different experiments for an individual. (A) No mask, no Shield, (B)
Mask only, (C) Shield only.
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For evaluation of mask and face shield efficacy in preventing aerosol transmission, 17 different scenarios were tested

411

Scenario Subject A Subject B Distance Growth Score Colony forming units
1 No surgical mask, no face shield No surgical mask, no face shield 0.1524 Meters 7+
2 No surgical mask, no face shield No surgical mask, no face shield 1.8288 Meters 7+
3 Surgical mask No surgical mask, no face shield 0.1524 Meters 5+
4 Surgical mask No surgical mask, no face shield 1.8288 Meters 4+
5 No surgical mask, no face shield Surgical mask 0.1524 Meters 5+

(continued)
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Table 1 (Continued)
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Scenario Subject A Subject B Distance Growth Score Colony forming units
6 No surgical mask, no face shield Surgical mask 1.8288 Meters 1+
7 Face shield No surgical mask, no face shield 01524 Meters 6+
8 Face shield No surgical mask, no face shield 1.8288 Meters 5+
9 Face shield Face Shield 0.1524 Meters 5+
10 Face shield Face Shield 1.8288 Meters 4+

(continued)
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Table 1 (Continued)

Scenario Subject A Subject B Distance Growth Score Colony forming units

11 Surgical mask & face shield Surgical mask & face shield 0.1524 Meters 1+
12 Surgical mask & face shield Surgical mask & face shield 1.8288 Meters 1+
13 Surgical mask & face shield No surgical mask, no face shield 1.8288 Meters 2+
14 Surgical mask Face shield 1.8288 Meters 3+
15 Surgical mask Surgical mask & face shield 1.8288 Meters 1+

(continued)
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Table 1 (Continued)

Scenario Subject A Subject B Distance Growth Score Colony forming units
16 Surgical mask Surgical mask 1.8288 Meters 1+
17 Surgical mask & face shield Surgical mask 1.8288 Meters 1+

Growth score was assigned to each scenario based on colony count on the agar plate. Increasing the distance between the 2 subjects decreased the colony count. Highest growth
score was obtained when none of the subjects used any protective measure and the lowest growth score was achieved when both subjects used mask or mask with face shield.

RESULTS

The results from various experiments in which the simulated sick
and exposed individuals utilized various combinations of mask and/
or shield, are shown in Table 1. We repeated these experiments 3
times and used the average colony count from each scenario in our
analysis. The results of different scenarios are presented as 1+ to
7 +to show the lowest and the highest possible colony count on
blood agar plate. 1+ was used when number of colonies were 2-5 and
8+ would have been used to show surface of blood agar plate was
almost completely covered by a confluent lawn of colonies (too many
colonies to count). When neither simulated participants subjects
wore mask or face shield (scenarios 1 and 2), the number of colonies
was interpreted as 7+, because individual colonies, rather than a con-
fluent lawn, predominated.

The highest colony counts were observed when neither the
simulated sick person or the healthy listener were wearing mask
or face shield and the 2 subjects were at 0.1524 meters from each
other (7+; scenario 1). The colony count in this and all other tested
scenarios reduced as the distance between 2 subjects increased
from 0.1524 meters to 1.8288 meters. The colony counts reduced
somewhat further when the healthy person used the face shield
as the sole mean of protection (6+). An even greater reduction in
colony count was observed when the sick person used the face
shield (5+).

When only the healthy person wore a mask, the colony count was
reduced to (4+). However, when the mask was worn only by the sick
person, the colony count was reduced to (3+). The best result in pre-
vention of aerosol transmission, shown by lowest colony count on
the blood agar plate was obtained when both individuals worn masks
(1+). Interestingly, the addition of face shields to masks produced
results that were similar to those of wearing mask only by both indi-
viduals (1+).

DISCUSSION

This experiment was simple in its concept and execution, using
materials and equipment that were readily available in a clinical lab.
However, because it is a simulation, its obvious limitations need to be
highlighted to help interpretation and guide future studies.

The first limitation was that there were no actual humans in this
experiment. The simulated listener (petri plate) could not inhale. The
lack of air being aspirated around and through the mask and/or face
shield means that their ability to trap or redirect the nebulized bacte-
ria is probably overestimated. Thus, the results presented here proba-
bly represent best case experiments. Although simulated speech is
able to give valuable information regarding aerosol spread and mask/
shield protection, variations in speech and breathing patterns, vol-
ume, head size, etc. cannot be captured this way.'° Second, our model
tested spread of a bacteria in a nebulized solution, and not viruses.
Recent information has indicated that SARS CoV-2 is transmitted by
aerosols and droplets,>>?! and we could not simulate various droplet
sizes. Virus quantification in this type of experiment would be very
cumbersome and use of SARS CoV-2 was not possible due to safety
requirements. Thus, bacteria better served the purpose of this model.
Third, surgical masks were the only mask type used in the simulation,
and this is a limitation only because cloth masks are so widely used in
the general population.'® However, cloth masks vary widely and
could not be represented in a single experiment.

Face shields have certain advantages that make their use attractive,
such as eye protection, preventing face touching, and prolonging the
life of a mask if both are worn together.!? They are also reported to be
cooler and less claustrophobic if worn alone.!*'® Our observations fell
into line with what others have already observed, demonstrating that
face shields alone, including use in source control, were not effective
in preventing the transmission of aerosols generated by the nebu-
lize.>!” Of note, Swiss hospitality workers became ill while wearing
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face shields only, resulting in the government discouraging the use of
face shields alone.!” The Swiss real-life observation aligns well with
our simulated face shield results (Table 1, experiments 7, 8, 9, and 10).

Experiment 16 (Table 1) of our results demonstrated that surgical
masks provided good protection from nebulized bacteria, similar to
what others have observed.'>"'>?? A real-life example that aligns
with our results is a hair salon in Missouri that practiced universal
masking, and had 2 SARS CoV-2 infected, masked hairdressers in con-
tact with over 100 masked clients. Half of the clients were tested, all
were negative, and none ever reported symptoms.'®

Surprisingly, when assessing the combined protection of surgical
mask and face shield, experiment 12 (Table 1), the level of protection
was not enhanced in comparison to experiment 16 (Table 1) using
surgical masks alone. This result reinforces the fact that a surgical
mask serves as an effective intervention, providing protection from
aerosols. Our results do not support the hypothesis that face shields
would provide significant passive eye protection.

Professionals working in high-risk settings with exposure to aero-
sols and droplets, such as dentists, would benefit from the use of face
shields, or perhaps goggles, which this experiment could not simulate,
as added eye protection.?®> The shields would also protect the mask
surface from contamination, prolonging the life of the mask. Ethical
considerations preclude planning a study demonstrating SARS CoV-2
transmission through eyes, and the likelihood of finding a “natural
experiment” is low. However, this simulation indicates that surgical
masks worn by all are more likely to provide significant protection to
uninfected participants in indoor conversations. Outdoor situations
with varying degrees of sun and wind were beyond the scope of this
simulation. The role of the face shields in preventing transmission is
not supported, and if transmission via the eyes is felt to be a significant
factor, goggles might provide better protection than a face shield.

CONCLUSION

In summary, and in agreement with other reports, face shields
worn alone do not appear to provide a significant level of protection.
The mask alone provides such a significant improvement that it is dif-
ficult to tell, based on this simple simulation, whether the protection
afforded by a surgical mask combined with a face shield is improved.
Face shields might provide eye protection if when worn as a supple-
ment to the mask, but the role of the eyes in transmission of SARS
CoV-2 is not well established.’**> However, some evidence indicates
that SARS CoV-2 transmission may occur through the ocular conjunc-
tival epithelium.?-2%
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