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• PURPOSE: To determine the effect of taping the top of 
face masks on air particle counts directed toward the eye 
during simulated intravitreal injections. 
• DESIGN: Prospective observational crossover study. 
• METHODS: Thirteen healthy subjects were recruited. 
Each wore a cloth, surgical, or N95 mask in randomized 

order. The number of air particles were quantified by us- 
ing a particle counter suspended over the right eye while 
each subject breathed normally, deeply, or spoke using a 
standardized script. Particle counts were obtained with 

the top of each mask taped and not taped. The main out- 
come measurements were particle counts of 0.3, 0.5, 1, 
3, 5, and 10 μm and total particle counts. 
• RESULTS: Taping cloth masks while subjects were 
speaking significantly reduced particle counts for the 0.3- 
( P = .03), 0.5- ( P = .01), and 1- μm ( P = .03) parti- 
cles and total particle counts ( P = .008) compared to no 

taping. Taping the top of cloth masks during normal or 
deep breathing did not significantly affect particle counts 
compared to no taping. Taping the top of surgical or N95 

masks did not significantly alter particle counts for any 

breathing condition tested. 
• CONCLUSIONS: Taping the top of cloth masks prior 
to simulated intravitreal injections significantly reduced 

air particle counts directed toward the eye when sub- 
jects were speaking compared to no taping. This may 

have implications for decreasing air particles reaching the 
eye during intravitreal injections, including aerosolized 

droplets from a patient’s mouth that may carry oral 
pathogens. (Am J Ophthalmol 2021;225: 166–171. ©
2021 Elsevier Inc. All rights reserved.) 
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ndophthalmitis is a feared complication of
intravitreal injections, with high morbidity, including
blindness. 1 The post-injection endophthalmitis rate

n published studies ranges from 0.021% to 0.1%, with one
eta-analysis of 43 studies that found an overall rate of

.056%. 2–7 The increased use of intravitreal injections to
reat age-related macular degeneration, diabetic retinopa-
hy, and macular edema due to retinal vein occlusion have
ade it a common procedure, with more than 5.9 mil-

ion injections delivered as of 2016. 8 This high number
f injections yields a significant number of endophthalmi-
is cases, even though this complication is relatively rare.

ultiple studies have concluded that oral flora increase
he risk of poor outcomes from endophthalmitis, although
ow often the flora come from the injecting physician ver-
us the patient is currently unknown. 5 , 9 Some studies have
emonstrated decreased rates of oral flora-associated en-
ophthalmitis with either a “no talking” policy or physician
se of a face mask. 10 , 11 Euretina Expert Consensus estab-
ished guidelines in 2018 of a “no talking” policy and use of
 surgical mask for physicians during injections to protect
atients from physician flora. 8 

The coronavirus disease 2019 (COVID-19) pandemic
as led to patients and physicians wearing masks during
ffice visits, including during intravitreal injections. Al-
hough one might expect that universal masking would de-
rease the risk of oral flora contamination during the in-
ection procedure, anecdotal reports of oral flora-related
ndophthalmitis during the COVID-19 pandemic have
merged. It is possible that a patient’s mask may direct
erosolized breath particles containing oral flora upward
oward the eyes, thereby increasing the risk of oral flora-
ssociated endophthalmitis. A previous study measured
arm air flowing over the eyes with a thermal camera and

ound that surgical masks frequently directed airflow toward
he eyes, heightening these concerns. 12 One recommenda-
ion to reduce droplets is to tape the top of the mask to block
irflow toward the eyes. 12 

The purpose of this study was to investigate the effect
f taping the top of a face mask on quantitative air parti-
le counts near the eyes. A reduction in air particle counts
ith taping may lend support to the premise that this sim-
le, cost-effective intervention may reduce the risk of post-
njection oral flora-associated endophthalmitis. 
TS RESERVED.. 0002-9394/$36.00 
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METHODS 

This prospective, observational cohort study was conducted
in accordance with the tenets of the Declaration of Helsinki
and conformed to the Health Insurance Portability and Ac-
countability Act. Institutional Review Board approval was
obtained prior to initiation of the study from Wills Eye Hos-
pital. Participants were required to be healthy adults from
18 to 80 years of age who were fit tested with an N95 mask
and provided informed consent. 

The study was conducted in an ophthalmic examination
room within an outpatient retina clinic that had no special-
ized air filtration equipment, no positive or negative pres-
sure ventilation systems, and no open windows. Each par-
ticipant was seated on an ophthalmic examination chair
that was reclined to 45 degrees, simulating the position used
for an intravitreal injection procedure. A single investiga-
tor wearing an N95 mask and remaining silent was present
in the room standing behind the examination chair for the
duration of each experiment. The room door was closed dur-
ing the experiment. During the study, each participant was
asked to alternate wearing 3 types of masks in randomized
order: 1) a 3-ply melt blown fabric, ear-loop surgical mask
(Jiangyin City, Jiangsu Province, China) containing an in-
ternal malleable metal insert across the top of the mask
allowing it to be molded around the nose for a snug fit;
2) a 3-layered cotton cloth mask with ear loops (model
MASKN2; Hanes, Winston-Salem, North Carolina, USA)
that did not contain any malleable insert to adjust the
top of the mask around the nose; and 3) an N95 health
care particulate respirator (model 1860; 3M, St. Paul, Min-
nesota, USA). In addition, measurements were taken with
the masks taped and not taped for a total of 6 mask sce-
narios per individual. Masks were placed above the nos-
trils and centered on the nose. For the taped mask scenario,
an 11-cm piece of paper tape (16-47310; McKesson, Irv-
ing, Texas, USA) was placed along the superior edge of the
masks, straddling the mask and the participant’s skin in or-
der to seal any gaps. For each mask scenario, 3 respiratory
modes were tested. Each participant was asked to breathe
normally, breathe deeply, or speak normally using a stan-
dardized script. Therefore, data for a total of eighteen per-
mutations of varying mask scenarios and respiratory modes
were collected per participant. For each participant, the or-
der of respiratory mode for each mask was also randomized.

An AeroTrak handheld particle counter (HPC) (model
9306; TSI, Shoreview, Minnesota, USA) was used to quan-
tify the number of particles for each mask scenario and res-
piratory mode permutation. This HPC is typically used for
air quality measurements in clean rooms and measures the
disruption of a laser beam on a photodetector by variably
sized air particles passing through the inlet. 13 The HPC
was positioned on a tray table so that its air sampling inlet
was aligned with the inferior border of the right supercil-
s  
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ary arch of the participant and above the skin by < 5 mm.
ach participant was instructed to remain completely still
uring each trial. The HPC quantified the total number of
articles and categorized the particle counts by set sizes (0.3,
.5, 1, 3, 5, and 10 μm). A flow rate of 2.83 L/min was used,
nd each trial consisted of 1 minute of data collection. Af-
er each mask scenario trial, 1 minute was allowed to tran-
pire before conducting the next and 5 minutes before each
ew subject in order to allow washout of ambient particles.
article counts were zeroed before each new mask scenario
egan so that the counts reflected that mask scenario only
ather than the sum of several trials. A zero check, ensuring
 zero-particle count after sampling air after passing through
 dense filter, was performed using the HPC prior to initiat-
ng the study. 

STATISTICAL METHODS: The Wilcoxon signed rank test
as used, due to non-normally distributed particle counts,

o test for paired differences between taped and non-taped
article counts for each combination of mask type and res-
iratory mode, at each particle size. All statistical analy-
es were carried out using SAS version 9.4 software (Cary,
orth Carolina, USA). A two-sided P value < .05 was con-

idered statistically significant. Based on preliminary data
rom this study, with a 5% error rate and an 80% power, we
ould need 13 pairs of observations (taped vs. non-taped,
ffect size = 0.75) for each experiment. 

RESULTS 

hirteen healthy adults volunteered for this study: 10 men
nd 3 women with a median age of 26 (range, 24-35 years).
one of the subjects had significant amounts of facial hair,

uch as a beard or mustache. and all had passed N95 fit test-
ng. 

CLOTH MASKS: The Table shows the differences in par-
icle counts of taped versus non-taped cloth masks by res-
iratory mode. Taping the top of cloth masks resulted in a
ean decrease in total particles measured over a 1-minute

eriod by 1,275.3 during normal breathing ( P = .34) and
,712.9 during talking ( P = .008). A mean increase in to-
al particles of 1,076.2 was found with taping during deep
reathing ( P = .41). As for specific particle sizes, taping the
op of cloth masks during talking resulted in a significant
ecrease in 0.3- μm particles by 4,840.8 ( P = .03); 0.5- μm
articles by 488.7 ( P = .01); and 1- μm particles by 112.5
 P = .03). No significant changes in particle counts were
bserved after taping cloth masks for larger particle classes
r for other respiratory modes (normal and deep breathing).

SURGICAL MASKS: Supplemental Table 2 shows the
ifferences in particle counts with taped versus non-taped
urgical masks by respiratory mode. Taping the top of
IVE PARTICLE COUNTS NEAR EYES 167 



TABLE. Effect of Taping the Top of Cloth Masks on Particle Counts by Particle Size and Respiratory Modes 

Particle 

Size 

( μm) 

Respiratory 

Mode 

(n = 13) 

Mean 

Difference 

(Taped–Untaped) 

%Change in 

Mean Particle 

Count after 

Taping 

Standard 

Error of 

Mean Difference 

Median of 

Differences 

Lower 95% 

CI for 

Median of 

Differences 

Upper 95% 

CI for 

Median of 

Differences 

Signed Rank 

P Value < 0.05 

All Normal −1,275.31 −2.98% 1,449.29 −853 −6,581 1,884 No (0.34) 

Deep 1,076.15 2.66% 2,679.87 −1,590 −3,782 4,519 No (0.4) 

Talking −5,712.92 −12.76% 3,063.23 −1,179 −8393 −136 Yes b (0.008) 

0.3 Normal −1,276.39 −3.14% 1,372.65 −842 −6103 1,612 No (0.27) 

Deep 892.15 2.32% 2,586.98 −1,573 −3,577 2,821 No (0.34) 

Talking −4,840.85 −11.56% 3,081.61 −1,034 −7,040 259 Yes a (0.03) 

0.5 Normal −7.69 −0.43% 71.22 15 −222 107 No (0.84) 

Deep 106.38 6.07% 143.32 −36 −73 94 No (0.74) 

Talking −488.69 −19.92% 269.96 −199 −724 −73 Yes a (0.01) 

1 Normal 4.69 2.24% 20.32 2 −16 74 No (0.67) 

Deep 16.77 8.35% 16.38 25 −13 44 No (0.17) 

Talking −112.46 −29.32% 72.09 −41 −109 6 Yes a (0.03) 

3 Normal 1.23 3.81% 2.88 4 −8 12 No (0.66) 

Deep 1.16 4.09% 2.99 2 −5 11 No (0.49) 

Talking −1.15 −3.21% 4.64 −3 −12 10 No (0.83) 

5 Normal 1.46 7.08% 2.54 4 −7 9 No (0.45) 

Deep −1.77 −8.33% 1.93 −1 −10 4 No (0.42) 

Talking −4.46 −16.24% 5.27 0 −13 4 No (0.75) 

10 Normal 1.38 10.77% 1.46 3 −5 7 No (0.35) 

Deep −0.08 −0.55% 2.50 −1 −4 6 No (0.85) 

Talking 0.92 7.10% 1.65 1 −5 6 No (0.68) 

Bold rows highlight the scenarios where taping the top of cloth masks made a significant difference in decreasing particle counts. 
a P < .05. 
b P < .01. 
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surgical masks resulted in a mean decrease in total particles
measured over a 1-minute period by 3,210.7 particles dur-
ing normal breathing ( P = .89); 796.2 particles during deep
breathing ( P = .41); and 408.4 particles during talking
( P = .89). Regarding specific particle sizes, taping the top of
surgical masks resulted in no significant changes in particle
counts for any of the particle classes or respiratory modes. 

• N95 MASKS: Supplemental Table 3 shows the differences
in particle count with taped versus non-taped N95 masks
by respiratory mode. Taping the top of N95 masks resulted
in a mean decrease in total particles measured over a 1-
minute period by 2,381.5 particles during normal breath-
ing ( P = .38); 2,858.9 particles during deep breathing
( P = .85); and 695.3 particles during talking ( P = .41). Re-
garding specific particle sizes, taping the top of N95 masks
resulted in no significant changes in particle counts for any
of the particle classes or respiratory modes. 
168 AMERICAN JOURNAL OF OPHT
DISCUSSION 

his study examined the effect of taping the top of various
ypes of face masks on particle counts directed toward the
ye. Results indicate that taping significantly reduced parti-
le counts emitted from the top of cloth masks particularly
or particles of ≤1 μm during talking but did not appear to
ave a significant effect with the surgical or N95 mask dur-

ng any of the tested respiratory modes. 
Several studies have explored the effect of taping around
asks but have not specifically explored airflow being redi-

ected toward the eyes. A recent study found that the suc-
ess rate of qualitative fit testing for N95 respirators can
e increased by adding adhesive around the entire periph-
ry of the mask, 14 which suggests that taping may decrease
ounts of droplets directed toward the eyes, contrary to our
ndings. However, in that study, multiple pieces of adhe-
ive were applied to the nose piece. The authors also used
ouble-sided waterproof tape which might have created a
ore robust seal than the single-sided paper tape used in

ur study. In addition, it is not clear how success in quali-
ative fit testing translates to a reduced number of particles
HALMOLOGY MONTH 2021 
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directed toward the eyes as that type of fit testing relies on
subjective detection of aerosols entering around the mask
rather than an exploration of the release of particles from
the mask wearer. Subjects in that study also had previously
failed qualitative fit testing, whereas all subjects in our study
passed qualitative N95 fit testing. Another study used par-
ticle counters inside and outside various masks to measure
particles entering behind the mask from the ambient air. 15 

The authors found that taping around the masks signifi-
cantly reduced particle counts entering behind the masks.
Although that study may suggest the inverse finding that
taping should also decrease the number of particles escaping
around the mask, it was not specifically designed to explore
that. Finally, a recent qualitative video using a camera that
detected carbon dioxide demonstrated that placing a surgi-
cal adhesive drape around the eye appeared to reduce the
exhalation air jets directed toward the eye. 12 Although the
authors implied that taping the top of masks should have
similar effects, they did not provide any direct evidence for
that claim in the study. 

The theory that patient face mask wear during the
COVID-19 pandemic may be increasing the risk of oral
flora-associated endophthalmitis by directing aerosolized
particles toward the eyes is supported in a more quantitative
manner by our study. Taping the top of cloth face masks sig-
nificantly reduced air particles that were ≤1 μm. One study
found that most exhaled bacterial flora come in aerosolized
particles ranging from 0.5 μm to 1 μm in size, suggesting
that this simple maneuver may be an effective deterrent. 16 

Another study demonstrated that higher counts of air parti-
cles in the 0.3, 0.5, and 5 μm sizes correlated with bacterial
and fungal contamination in various room environments at
a tertiary care hospital. 17 One specific finding was that 0.3-
μm particle counts > 9,000/14.1 L of air sampled (212.77
particles/L) correlated with room contamination. Our
study demonstrated a decrease in 0.3 μm particle counts of
4,840.85/2.83 L of air sampled (1,710.55 particles/L) with
taping the top of cloth masks, which suggests that reducing
air particle counts may have a clinically meaningful reduc-
tion in microbiological contamination. A third study found
fewer colony-forming units on blood agar plates attached
to subjects’ foreheads when the subjects wore a taped versus
a non-taped mask. 18 The fact that our study only found a
significant decrease in particle counts with taping versus
no taping when subjects were instructed to talk is clinically
relevant in the setting of intravitreal injections. In some
clinics, a technician will prepare a patient’s eye for injec-
tion prior to the physician entering the room to perform the
procedure. Patients may converse with the technician or
family members after the topical anesthetic and antiseptic
drops have been applied and before receiving the injection,
potentially leading to contamination of the conjunctival
surface. Instead of taping the top of cloth masks, another
option might be to request that the patient not speak after
being prepared for injection as our study did not find a
significant difference between taping and not taping with
VOL. 225 EFFECT OF TAPING ON QUANTITAT
reathing alone. In addition, it may be less important
o tape a properly fitted surgical or N95 mask. However,
linicians need to be mindful that patients may often not
e wearing the surgical or N95 masks properly and may not
ave been properly fit tested for the N95 masks. 
Several of the findings from our study were somewhat

nanticipated. We did not detect any differences between
aping and not taping the top of cloth masks when subjects
ere asked to breathe normally or deeply. Individual dif-

erences in breathing and changes in the ambient environ-
ent may have contributed to the observed high variations,

specially given that the HPC is aspirating the air samples
ather than passively quantifying what is passing over the
ensor. In addition, by taping only the top of the masks,
t is conceivable that air particles escaping from the sides
f the mask may have still been detectable near the eyes.
t is also possible that the tape itself may have influenced
he results because the paper type that was used is described
y the manufacturer as being air and moisture permeable.
erhaps, a less porous tape would have blocked air particles
etter, yielding a more significant difference between taping
nd not taping. Some of those factors may also explain why
article counts decreased for certain particle sizes and not
thers. In addition, there were significantly fewer counts in
he larger size classes, which may have led to our study being
nderpowered to detect a difference. Another unexpected
nding was that taping the top of surgical masks did not sig-
ificantly decrease the detected particle counts. We suspect
hat the metal nasal bridge strip on the surgical mask allows
t to conform better to the user’s facial anatomy thereby lim-
ting air flow toward the eyes and making the difference in
ir particle counts between taping and not taping fairly sim-
lar. As expected, no significant difference was seen between
aping and not taping N95 masks, likely due to the tighter
eal. 

Our study has several important limitations. Because
ach subject’s depth and frequency of ventilation was not
ontrolled for during the various respiratory modes, this
ay have contributed to the observed high variations in

article counts. We attempted to mitigate this by giving
ach participant the same instructions on what constituted
ormal breathing, deep breathing, and talking. By collect-

ng air samples for 1 minute and therefore allowing multiple
reaths, the likelihood that 1 abnormal breath would bias
he results should have been reduced. Another limitation
as that the HPC was open to ambient air in the room,
hich was a standard clinic procedure room without special
ir filtration or ventilation systems. As a result, the ambient
ir in the room might have influenced the particle counts.

e tried to reduce this risk by closing the door and using the
ame room for the entire study, which theoretically should
ave produced similar background levels of ambient air par-
icles. It is also important to note that we only tested 3 spe-
ific mask types. Therefore, it may not be accurate to ex-
rapolate the results to all masks, even those in the same
lass as materials and manufacturing likely vary by brand.
IVE PARTICLE COUNTS NEAR EYES 169 
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In addition, subjects involved in this study were healthy
adults and generally younger than patients who typically
receive intravitreal injections. Although we are unaware of
any studies that have demonstrated differences in aerosol
production by younger versus older subjects, it is possible
that older individuals with specific medical conditions (eg,
chronic obstructive pulmonary disease with chronic cough)
may generate different levels of aerosols. Finally, although it
is reasonable to associate increased particle counts directed
toward the eye with an increased risk of endophthalmitis,
our study is not intended to prove this relationship. As a re-
sult, although our findings indicate that taping a cloth mask
may reduce the aerosolized droplets that are directed toward
the eyes when talking, it is not clear if this will truly reduce
the risk of endophthalmitis. 

In summary, this study demonstrated that taping the top
of cloth masks appeared to reduce quantitative air parti-
cle counts reaching the eyes while subjects were speaking
compared to no taping. However, no statistically significant
reduction was detected during normal or deep breathing.
Taping the top of surgical and N95 masks did not appear
to have a significant effect on air particle counts. Theoret-
ically, exhaled air particles and aerosols that are being di-
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