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Efficacy of slit lamp breath shields
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The use of enlarged breath shields has been suggested as part
of a wide range of infection control measures implemented
during the COVID-19 pandemic. Breath shields have long
been a standard feature of slit lamps and act as a physical
barrier between the examiner and subject but there is an
absence of evidence on their effectiveness in reducing droplet
transmission and respiratory infections.

SARS-CoV-2 shares many of the features of other
respiratory viruses including SARS-CoV-1 and is thought
to be commonly spread though respiratory droplets (>5 μm)
and fomites [1]. Fomites are formed either from droplets
settling on surfaces or through direct contamination from
touching mucosal surfaces. Smaller aerosolised droplet
nuclei (≤5 μm) can travel further and remain in air longer.
They have been shown to carry viable virus particles in
experimental conditions [2] but are not thought to be a
common mode of transmission of COVID-19 [1]. The risk
of transmission from tears is also thought to be low [3].

We sought to examine the efficacy of facemasks and
standard and augmented slit lamp breath shields using a
breathing simulator. These have been described previously
and generally comprise of a particle source, commonly a
nebuliser attached to a bellows or air tank and a particle
detector which can consist of a laser particle counter [4] or
an impinger from which viral particles can be sampled from
air, cultured in cells and detected as plaques [5]. Direct
visual inspection of sprayed dye droplets has also been
described as a way to test eye protection [6, 7]. We
experimented using nebulised fluorescein 2% but were

unable to capture sufficient dye to determine the patterns of
droplet distribution.

We used a mouthpiece nebuliser (Galemed Corp, Taiwan)
containing 5ml of 0.9% saline as our particle source and
attached it to a 500ml paediatric bag valve mask that was
manually compressed 12 times per minute to simulate normal
adult tidal breathing. The device produces a range of particles
from 1 to 25 μm with median mass aerodynamic diameter of
3.8 μm. We used a Met One A2400 optical particle counter
(Hach Co, Loveland, CO) operating at a flow rate of one cubic
foot per minute to detect particles that reached the eyepiece
over a 1-min period. This was initially performed without any
shielding, and then repeated with the standard (11 × 11 ×
0.2 cm) and augmented (45 × 44 × 0.2 cm) acrylic shields
attached to the slit lamp objective lens (Fig. 1). We then tested
the effect of placing a fluid resistant surgical facemask
(BARRIER 4313, Mölnlycke Healthcare, Sweden) over the
nebuliser mouthpiece alone and in combination with the large
shield. The slit lamp arm was offset to 60° throughout and
each barrier was tested five times. Linear regression was used
to determine the effect of shield type and particle size on
particle count. All analyses were performed using Stata v14.

With no shield in place, the mean log particle count was
3.59 (95% CI: 3.48–3.70). There was a significant reduction
to 3.01 (95% CI: 2.90–3.13, p < 0.01) with the standard

Fig. 1 Photograph of the experimental setup. The nebuliser particle
source and optical particle detector can be seen either side of the slit lamp.
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shield, 2.63 (95% CI: 2.52–2.75, p < 0.01) with the aug-
mented shield and 2.62 (95% CI: 2.50–2.73, p < 0.01) with
the facemask secured in front of the nebuliser. With the
mask and large shield both in place, the mean log count
dropped to 2.47 (95% CI: 2.36–2.59, p < 0.01).

We found that the barriers we tested were all effective at
reducing transmission of particles > 3 μm. The surgical
facemask and large shield offered the best protection, while
the small standard shield seemed to be effective for larger
particles (Fig. 2). The benefits of larger shields should be
weighed against the increased risk of fomite transmission,
especially where they cause the user to touch the sides in
order to perform tonometry or manipulate the slit lamp arm.
Barrier protection, while helpful, should be seen as only one
part of a combined approach with hand hygiene and effective
cleaning essential to limit viral spread. There is ongoing
debate over the use of masks. Evidence from a large-cluster-
based randomised control trial showed no benefit from using
N95 masks compared to surgical facemasks to reduce influ-
enza and other respiratory viral illnesses [8]. Subsequent
meta-analyses have shown similar results with the benefits
of filtering facepiece (FFP) masks thought to be offset by
discomfort with their prolonged use leading to more frequent
manipulation and/or reduced compliance [9]. There may
be a similar tradeoff between different sizes of shield with
an increased risk of contamination through contact with
larger shields.

The protocol we describe has helped us to reduce some of
the uncertainty that surrounds our use of protective equipment
and can be adapted to different scenarios. Most of the com-
ponents we used were readily available and the particle
counter was not difficult to source. Particle counters are
routinely used in our trust to monitor sterility of theatres and
pharmacy clean rooms and more recently to test the fit of FFP

masks. A limitation of our approach is that we did not dis-
tinguish between infectious and noninfectious particles or
their source. We performed our study in a room used for
intravitreal injections to limit the number of background
particles but this remains a potential confounder. We found it
reassuring that the standard measures in place were effective
and that the larger shield and facemask appeared to offer
some additional protection. Despite the close proximity of slit
lamp examinations, the effectiveness of shielding together
with the short contact time and lack of aerosol generation,
leads us to expect the risk of transmission from this route to
be low. Viruses spread fear and uncertainty along with dis-
ease. Through research, consultation and pragmatic use of
evidence, we hope to help build a shield to this as well.
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Fig. 2 Mean particle counts (N= 5) over 1 min, including 95%
confidence intervals. Particles counts are stratified by size and shown
against the different types of barrier used. The combined effect of the
surgical facemask and large shield when used together is also shown.
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