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L E T T E R  T O  T H E  E D I T O R

Efficacy of personal protective equipment and H2O2-based 
spray against coronavirus in dental setting

The spreading of SARS-CoV-2 disease by infected, asymptomatic 
subjects is one of the greatest concerns in controlling the pandemic 
(Gandhi et  al.,  2020), especially in the dental setting, where the 
aerosol generated by dental handpieces (Harrel & Molinari,  2004) 
that contaminates virtually any dental operatory surface (Ionescu 
et al., 2020) may substantially increase the risk of SARS-CoV-2 air-
borne transmission (Ge et al., 2020).

In the struggle to reduce the risk of such infection by dental aero-
sols and spatter, two non-mutually exclusive strategies have been 
proposed: enhancing protection through personal protective equip-
ment (PPE) (Herron et al., 2020) and mitigating aerosol spreading, for 
instance using high-volume evacuator (HVE) (Ravenel et al., 2020) and 
adding antiviral agents to the cooling spray of dental handpieces. We 
designed a study to evaluate in vitro the protective efficacy of differ-
ent types of PPEs, and the efficiency of a hydrogen peroxide-based 
spray in reducing a coronavirus viral load, similar to that of asymptom-
atic patients, dispersed during a conventional dental procedure.

Into a class III cabinet-like, pressure-tight, custom-built cham-
ber, dental practice was reproduced using phantom heads for both 
patient and operator, and a routine procedure using aerosol-gen-
erating air turbine was performed (Figure  1). An artificial saliva 
solution containing 6.03  ±  0.04 log10 gene copies/ml of corona-
virus 229E (the amount of viral load of an asymptomatic person) 
(Han et al., 2020) was inserted into a patient-simulating phantom 
dummy, before operating the air turbine with the air spray for 
10 s. The operator phantom was equipped with different types of 
PPE on several consecutive runs, including surgical masks, N95/
FFP2 and FFP3 respirators, and face shields, while a vacuum pump 
simulated the operator's breathing. The influence of HVE and the 
addition of 0.5 vol% H2O2 to the handpiece's water intake in mit-
igating viral loads were also tested. After performing the dental 
procedure, the viral presence on the operator was assessed on its 
forehead, on masks’ and respirators' outer surface, and inside the 
mouth of the phantom (Table 1).

F I G U R E  1   Setup of the custom-built Class III-like air-tight glove box with chamber pressure control. Three accesses for gloves are shown 
on the front panel, one created at the center of the door. Between glove apertures, two digital manometers and a backup analog manometer 
measured the negative pressure inside the chamber, and the differential pressure inside the mouth of the operator dummy when a mask or 
respirator covered its mouth and nose. On the upper right corner of the chamber, the two air leak valves for pressure control are visible .The 
control apparatus operating the air turbine is located on the right part of the upper panel, having attached the pressurized water tank to 
generate the air-water cooling spray for the turbine handpiece. Inside the chamber, on the right was situated the patient phantom, having the 
air-turbine and HVE tip fixed in the same position throughout all experimental runs, as if operated by a dentist and dental assistant. On the 
left, the operator phantom to be equipped with the tested PPE. The chamber is still to be connected to an oil-free air compressor, HVE line, 
and two low-vacuum pumps, here not shown.
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We detected very low viral loads on the external targets com-
pared to the inoculum, suggesting that the aerosol generated by 
dental handpieces may have low viral content.

Unsurprisingly, we found the highest viral loads over the ex-
ternal surfaces of mask and respirators when a face shield was not 
worn, confirming that great attention has to be paid when disposing 
of used masks and respirators. Conversely, when the shield was on, 
viral loads on masks/respirators surfaces were under the detection 
limit, demonstrating shield efficacy.

Importantly, inside the operator's mouth, the viral load was 
under the detection limit using any PPE, with no differences be-
tween surgical masks and respirators, all of which showing protec-
tion against the virus. These data agree with the findings of Loeb 
et al., who did not found differences in the efficacy of surgical 
masks compared to N95 respirators against influenza virus (Loeb 
et al., 2009).

Notably, when the 0.5 vol% H2O2-containing cooling spray was 
used, the viral load was under the detection limit on any tested sur-
face or target, confirming previous findings on the virucidal activ-
ity of hydrogen peroxide, probably due to an excess generation of 
reactive oxygen species with a denaturing effect on viral proteins 

and nucleic acids (Saini et  al.,  2020). In fact, vaporizing hydrogen 
peroxide may have enhanced its activity (Saini et al., 2020). Finally, 
and surprisingly, HVE showed no impact in mitigating the viral load 
reaching the operator.

In conclusion, the concomitant use of face shield and surgical 
mask or N95/FFP2 respirator, and a 0.5 vol% H2O2-containing cool-
ing spray, seems to confer a very high level of protection, drastically 
reducing the possibility of coronavirus transmission during the exe-
cution of dental procedures.
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TA B L E  1   Results (mean ± SD) of the log-transformed viral copies per square centimeter for each experimental run and target

Exp. run Target PPE configuration Suction Log10 viral copies/cm2

1 Mouth With surgical mask NO HVE 0.317 ± 0* c

2 Mouth With surgical mask HVE 0.317 ± 0* c

3 Mouth With FFP2 mask HVE 0.317 ± 0* c

4 Mouth With FFP3 mask HVE 0.317 ± 0* c

5 Mouth With surgical mask and face shield HVE 0.317 ± 0* c

6 Mouth With FFP2 mask and face shield HVE 0.317 ± 0* c

7 Mouth With surgical mask + H2O2 30 s NO HVE 0.317 ± 0* c

8 Mouth With surgical mask + H2O2 60 s NO HVE 0.317 ± 0* c

1 Mask With surgical mask NO HVE 1.249 ± 0.372 a

2 Mask With surgical mask HVE 1.214 ± 0.538 a

3 Mask With FFP2 mask HVE 1.365 ± 0.519 a

4 Mask With FFP3 mask HVE 1.391 ± 0.630 a

5 Mask With surgical mask and face shield HVE 0.317 ± 0* c

6 Mask With FFP2 mask and face shield HVE 0.317 ± 0* c

7 Mask With surgical mask + H2O2 30 s NO HVE 0.317 ± 0* c

8 Mask With surgical mask + H2O2 60 s NO HVE 0.317 ± 0* c

1 Forehead With surgical mask NO HVE 0.783 ± 0.212 b

2 Forehead With surgical mask HVE 0.711 ± 0.164 b

3 Forehead With FFP2 mask HVE 0.698 ± 0.160 b

4 Forehead With FFP3 mask HVE 0.776 ± 0.205 b

5 Forehead With surgical mask and face shield HVE 0.633 ± 0.076 b

6 Forehead With FFP2 mask and face shield HVE 0.669 ± 0.177 b

7 Forehead With surgical mask + H2O2 30 s NO HVE 0.317 ± 0* c

8 Forehead With surgical mask + H2O2 60 s NO HVE 0.317 ± 0* c

Note: Different letters indicate significant differences between groups (Tukey's test, p < .05).
*Under the detection limit, determined to be equal to 4 viral copies/sample. 
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