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Background: Data on the role of aerosolized hydrogen peroxide (AHP) systems in the
control of the COVID-19 pandemic are still emerging. This study provides evidence of the
environmental shedding of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
in the hospital environment, and the efficacy of AHP to eliminate it.

Methods: A total of 324 environmental sites (224 surfaces and 100 air samples) belonging
to 54 patient rooms were contextually collected and tested for genes of SARS-CoV-2 using
RT-PCR assays and Xpert™ Xpress SARS-CoV-2.

Results: The SARS-CoV-2 viral genome was detected in seven sites (2.5%) of three
patients’ rooms, including six highly touched surfaces and one air sample. Viral shedding
was directly related to the distance from the patient, with 1, 1.9, and 3.5% of samples testing
positive at 3, 2, and 1 meter, respectively (P-value=0.02). None of the sites showed the viral
genome following application of 6% AHP. Of note, the viral genome was detected at 2
meters of a mildly symptomatic case on a face mask in the absence of aerosol generating
procedures.

Conclusion: Our data support the possible role of the hospital environment as a source of
infection, and the efficacy of AHP to eliminate the virus. Further studies are needed to
address the viability of the pathogen in these nosocomial sites and the cost-effectiveness of
routine hospital disinfection procedures using AHP for SARS-CoV-2.

Keywords: aerosolized hydrogen peroxide, AHP, SARS-CoV-2, environmental, COVID-19,

decontamination, disinfection

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is an emerging
pathogen that is linked to the current pandemic of global health concern. Its ability
to spread from person to person has resulted in >200 million confirmed cases
around the world. Although the overall case-fatality is estimated to be less than
5%, the discase has killed >4.4 million due to its efficient transmission. This
infection is thought to be acquired through inhalation of respiratory droplets, as
well as contact with mucous membranes following touching contaminated
surfaces.! Understanding the dynamics of transmission of the virus is evolving.
A study from Singapore that detected the viral RNA on most environmental

surfaces, tested in an airborne isolation suit for a patient with mildly symptomatic
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COVID-19, demonstrated the importance of environmen-
tal disinfection in controlling the epidemic.” It is not yet
certain how long the SARS-CoV-2 can persist on hospital
surfaces, though initial evidence suggests it could survive
up to 24 hours on inanimate wood surfaces, and up to 2 to
3 days on plastic or steel using an inoculum simulating the
viral load in respiratory samples.® The virus was also
shown to persist in air for 3 hours following aerosol
generating procedures such as sample collection and
intubation.®> Furthermore, the infectivity of a closely
related virus, SARS-CoV, was detected at 6 days following
environmental inoculation, making the contaminated hos-
pital surfaces a potential reservoir of healthcare associated
COVID-19 infections.* Virus presence in the environment
can provide a source of infection when susceptible indivi-
duals touch these surfaces and then introduce the infec-
tious particle to their mucous membranes. Extensive
SARS-CoV-2 RNA contamination of environmental sur-
faces in hospital rooms and residential areas of patients
with COVID-19 has been described.*”"°

Effective cleaning and disinfection procedures for this
coronavirus are essential to reduce its spread, thus envir-
onmental infection control measures must be implemented
SARS-CoV-2.
A systematic review performed by Kampf et al’ demon-

using bioactive disinfectants against
strated that the commonly used 70% alcohol inactivated
other coronaviruses within a short time, while a contact
time of 10 minutes is recommended by the US
Environmental Protection Agency (EPA) for SARS-CoV
-2.% Hospitals with high turnover during the epidemic
waves require automated disinfecting solutions with pro-
ven efficacy against the pathogen. Hydrogen peroxide, in
its vapor and dry mist forms, is an established method that
is increasingly used to decontaminate hospital environ-
ments based on the evidence that supports its inactivation
of viruses and bacteria.” The dry-mist form of hydrogen
peroxide relies on systems that produce the gas as small
particles to circulate in air as dry aerosols. These particles
can reach all the sites of a hospital room including the
difficult-to-reach areas. An example of such systems is the
aerosolized hydrogen peroxide (AHP) instruments, which
are no-touch, pressure-aerosol generating devices based on
a solution containing 6% hydrogen peroxide mixed with
<50 ppm silver ions.'® The method produces a dry mist of
the gas introduced via a unidirectional nozzle in a small
particle size of 0.5 um, followed by passive aeration and
natural decomposition.'® The efficacy of AHP is contro-
versial as some studies have shown a significant reduction

in microbial growth, including heat-resistant bacterial
spores, while others have shown incomplete eradication
of pathogens.'""'? There have been no randomized trials on
the effectiveness of these systems in eliminating environ-
mental contamination or in preventing healthcare-
associated infections. Based on a systematic assessment
of 3,343 contaminated surfaces using the SARS-CoV-2
viral genome methods, 17% and 12% of the isolation and
non-isolation facility surfaces were contaminated.'® In that
study, SARS-CoV-2 survived for a variable period (2.3—
17.9 hours) depending on humidity and temperature, irre-
spective of the type of contaminated surfaces, and there
was 99.9% attained reduction of viral load after hydrogen
peroxide application. Limited data, however, exist regard-
ing the role of individual decontaminating agents to build
up recommendations for disrupting SARS-CoV-2 trans-
mission. This study was carried out in a high-resourced
facility to evaluate the survival of SARS-CoV-2 in noso-
comial environmental surfaces, and the efficacy of
a hydrogen peroxide mist device in removing it, in order
to support the growing evidence for optimal routine disin-
fection and terminal cleaning of rooms occupied by
patients diagnosed with COVID-19.

Materials and Methods

Research Settings

The study was conducted at King Fahad Hospital of the
a 550-bed academic health
Environmental samples were collected from airborne

University, institution.
isolation rooms used for confirmed cases of COVID-19,
as well as from other areas where those patients stayed
(the emergency department room in which those cases
were initially assessed, dialysis and intensive care units).
Environmental surfaces, with the emphasis on highly
touched areas, and air samples were collected. The influ-
ence of aerosolized hydrogen peroxide (Oxypharm
Nocospray, Oxypharm, France) at a concentration of
6% was examined through detection of the CT value as
a surrogate for viral load immediately prior to and within
I-hour after the decontamination process following the
standard protocol as per the manufacturer recommenda-
tion. Only facilities which were occupied by confirmed
cases of COVID-19 patients for at least 24 hours and
less than 8 days were included. The decontamination
process was routinely performed as per the institutional
policy upon the needs to transfer or discharge the
patient. The dose was 6 mL per cubic meter in multiple
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cycles as previously described.'* Patients’ demographic
data, triage score, and clinical data were documented as
per the National Guidelines for assessing patients sus-
pected to have COVID-19."3

The study was approved by the Institutional Review
Board of Imam Abdulrahman Bin Faisal University (IRB
no 2020-01-144). The study was exempt from the require-
ment of informed consent, as it involved only environ-
mental samples collected during routine service and no
human samples were included. The study was conducted
in accordance with the Declaration of Helsinki.

Sampling

Surface Sampling

For surface samples, each site was sampled using four
swabs wetted in viral transport media immediately prior
to sampling after removal from the package. Pressure was
applied onto the highly touched surface, eg, door handles
(3 m), light switches (2 m), bed and handrails and phone
sets (1 m), moving at least in two different directions while
rotating the swab stick to cover the recommended surface
area (25 cm?), avoiding letting the swab dry. Swabs were
placed into the viral transport media (Vircell, Granada,
Spain) and transported on ice pack to the laboratory for
immediate storage at —70°C until they were tested in
batches.

Air Sampling

The air sampling method was based on the National
Institute for NIOSH-0800 instruction, by using a Quick
Take SKC sampling machine and an Andersen bio-
sampler, with a flow of 28.3 L per 2 minutes.'® In order
to avoid any interference of microorganisms or other
contaminations, the bio-sampler was sterilized prior to
sampling by using a disposable sterilizing gas and 70%
ethanol based on the manufacturer’s instructions, and
then placed under a UV lamp for 20 minutes. After
sterilization, the bio-sampler was placed in a sterilized
cold box that was opened in the sampling location to
prevent contamination. A viral transport medium
(Vircell, Granada, Spain) was placed inside the bio-
sampler and the sampling circuit was established at
a distance of 100-150 cm from the floor. Air samples
were collected at 1, 2 and 3 meters from the patient after
the room had been occupied for at least 24 hours and less
than 8 days. The viral genome was measured prior to and
after room AHP fumigation as per the routine hospital

protocol.

Viral Genome Testing

Reverse transcriptase-polymerase chain reaction (RT-
PCR) targeting SARS-CoV-2 was performed on the
environmental samples. The viral nucleic acid was initi-
ally extracted by the Bioneer extraction system (Bioneer
Corporation, Korea), followed by RT-PCR assay using
the Powerchek 2019-nCoV Real Time PCR kit (Kogene
Biotech Co, Korea). The test detected the E gene
sequence of the lincage B-betacoronavirus and the RdRp
gene sequence specific to SARS-CoV-2. All samples
showing genes were further tested using the Xpert®
Xpress SARS-CoV-2 (Cepheid, Sunnyvale, CA), which
identifies the £ gene and N2 gene of SARS-CoV-2. The
assays were performed following the manufacturer’s
recommendations using positive and negative controls
in each run. The lowest cycle threshold (Ct) values, the
number of cycles required for the fluorescent signal to
cross the threshold in RT-PCR, were obtained to infer
viral loads; the lower the Ct value, the higher the viral
load."” All samples were processed under a biosafety
cabinet Class II Type B to minimize the occupational
risk, in a biosafety level 2 laboratory since no viral
was

propagation or aerosol-generating procedures

performed.

Statistical Analysis

The statistical analysis was performed using the GraphPad
Prism 9.0 on a sample basis. Spearman’s rank correlation
coefficient (rho) was measured to assess the relationship
between the distance of the collection site and viral gen-
ome positivity rate.'® A significance value of P<0.05 was
used.

Results

Out of 324 sites (224 environmental swabs and 100 air
samples) tested of 54 patients’ rooms, seven specimens
(2.5%) were positive for the RNA of SARS-CoV-2. Of the
54 cases, five patients (9.3%) were categorized as severely
ill, 48 cases (90.7%) were moderately ill, and one case
(1.9%) had a mild disease. None of the screened sites
demonstrated evidence of viral persistence following
decontamination using 6% AHP (Table 1). The frequency
of isolation of the SARS-CoV-2 viral genome was noted
mainly in close proximity of the patients (Table 1), and in
severe cases, two out of five severely ill (40%) as shown in
Table 2, Spearman correlation coefficient rho=—0.976,
P=0.02 (Figure 1).
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Table | Frequency of Detecting SARS-CoV-2 Viral Genome in the Environment of Hospitalized COVID-19 Patients

Prior to AHP Decontamination After AHP Decontamination Total
RNA Detected RNA Not Detected RNA Detected RNA Not Detected
Within | m:
Surfaces 4 104 0 108 4/115 (3.5%)
Air 0 7 0 7
Within 2 m:
Surfaces | 100 0 101 2/108 (1.9%)
Air | 6 0 7
Within 3 m:
Surfaces | 94 0 95 17101 (1%)
Air 0 6 0 6
Total 7 317 0 324 7/324 (2.2%)

Table 2 Origin of the Environmental Samples with Detected SARS-CoV-2 Viral Genome and Clinical Characteristics of Patients

Occupying the Rooms

No | Sample and CcT Clinical Data of Patient Occupying the Room Triage | Clinical | AGP
Distance Values Score Severity
| Table (I m) 37 61 years old male, with diabetes mellitus type 2, HTN, presented with 15 Severe HFNC
fever, cough, sore throat, and dyspnea, admitted to the ICU due to
2 Phone (I m) 37 . i X
hypoxic respiratory failure,
3 Vital signs machine | 39 CT Value on admission: 22
(2 m)
4 Door knop (3 m) 41.5
5 Table (I m) 40 72 years old male, HTN, post percutaneous coronary intervention, 15 Severe HFNC
presented with fever, cough, dyspnea, nausea, myalgia, and diarrhea,
6 Vital signs machine | 40 X K . X
admitted to the ICU (hypoxic respiratory failure),
(I m) CT Value on admission: 40
7 Air (2 m) 35.7 79 years old male, HTN, presented with productive cough, dyspnea and | 9 Mild None
fever.
On a fluid resistant surgical face mask type IIR,
CT Value on admission: 39

Abbreviations: CT, cycle of threshold; AGP, aerosol generating procedure, HTN, hypertension; HFNC, high flow nasal cannula.

Discussion

Institutions have implemented various enhanced environ-
mental disinfection procedures for areas with known or sus-
pected COVID-19 cases to prevent secondary transmission.
In some facilities, adjunctive disinfection methods are routi-
nely used such as AHP. Although hydrogen peroxide pro-
ducts have been used to reduce airborne transmission of
pathogens such as mycobacteria, its broad spectrum and
clinical utility for reducing transmission of SARS-CoV-2 is

uncertain. In this study, we performed environmental assess-
ment of the effectiveness of AHP decontamination in the
COVID-19 facility. Our data generated a before-and-after
decontamination map that demonstrated a low initial positiv-
ity rate of 2.2% (Table 1). The detection of environmental
viral RNA is consistent with previous studies that collected
similar samples, although rates of environmental SARS-CoV
-2 detection were higher in most published studies (11—
56%).%>%'° Notably, only one out of a hundred air samples
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Figure | Spearman correlation study between sampling distance and positivity of
SARS- CoV-2 genome detection in 324 environmental hospital samples. Rho=
—0.976 (95% Cl=—0.995 to —0.939, P-value=0.02). It illustrates the closer the sites
to the patient, the higher the fraction of positive samples amongst tested samples.

taken from occupied rooms by COVID-19 symptomatic
cases tested positive, which originated from a mask-
wearing mild case, with a high CT value suggesting minimal
shedding in air (Table 2). While early studies suggested the
potential for airborne transmission of the virus, cumulative
literature supports its droplet transmission in the absence of
aerosol generating procedures, despite the potential for
longer distance airborne transmission in poorly ventilated
places.? It has been proposed that a continuum of droplet
sizes in the exhaled air can play a role in the spread of SARS-
CoV-2 up to 6-8 meters from an infected source in the
absence of adequate airflow, although the clinical relevance
of this experimental model in uncertain.”' An intensive care-
based study has detected the viral genome in air samples at
a distance of 4 meters from the infected source.”? On the
other hand, several studies failed to isolate the virus or its
genome through air sampling of patients occupied facilities
despite the use of efficient air biosamplers and not only air
filter swabbing.®**** Based on an aerodynamic analysis
model in Wuhan hospitals, the SARS-CoV-2 droplets were
two
submicrometer region (0.25 and 1.0 um) and the other in

found to include size ranges, one in the
supermicrometer region (>2.5 pm).*> Thus, the smaller dro-
plets are likely to be detected at a distance of >1 meter.
Further studies are needed to explore the frequency of exhal-
ing those smaller droplets in the absence of aerosol generat-
ing procedures. Our results do not suggest that severe cases
shed more viruses than mild patients in the surrounding

environment.

Safe transmission mitigation measures in healthcare facil-
ities depend on multiple factors related to both the infected
source, exposed individual, and the environment including
distance from the patient, viral load, duration of exposure,
performance of aerosol generating procedures, level of room
ventilation, use of protective equipment, and the susceptibility
status to the virus. The detection of SARS-CoV-2 shedding
was directly proportional to physical distance from the patient
(Figure 1) as expected, particularly for indoor settings.
Nevertheless, the air sample at 2 meters that showed evidence
of viral shedding in this study highlights the importance of air
hygiene with maximal achievable air change rates per hour. For
this purpose, smaller patients’ isolation rooms will maximize
ventilation.”® This, along with routine infection preventive
measures, such as effective hand hygiene, HEPA air filters,
use of PPE and regular surface decontamination, are likely to
eliminate any healthcare acquisition of SARS-CoV-2 from an
environmental reservoir. The data also indicates the necessity
of thorough terminal cleaning of a COVID-19 patient’s room
during a pandemic, despite the high turnover, as implicating
droplet precautions may not sufficiently mitigate the spread of
SARS-CoV-2 if environmental surfaces are not ultimately
decontaminated.

The post-decontamination data shown in Table 1 illustrates
the efficacy of AHP in removing SARS-CoV-2 viral RNA
from surfaces in a hospital environment. This finding supports
the hospitals need to at least consider utilizing one aerosol-
based, automated strategy in addition to droplet- and contact-
based strategies for containment of SARS-CoV-2 particles,
especially during an active wave of infection. Alternative
tools available for eliminating SARS-CoV-2 from contami-
nated surfaces include intensified ultraviolet light and ozone
gas.”” However, data is still emerging with regard to the
efficacy of their widespread, standardized application to
replace current methods and should be examined for the cost-
effectiveness. As more waves of viral resurgence are
a possibility with the increasing number of notable virus
mutants, healthcare facilities need to consider adopting an
efficacious system capable of timely eliminating the virus.
The fact that the qPCR technique allows SARS-CoV-2 detec-
tion at low concentrations can be useful as an indicator of
efficacy of environmental and air decontamination. As the
automated, non-touch systems, like the dry mist of AHP used
in the study, are increasingly being integrated into hospital
disinfection policies,” careful evaluation of efficacy needs to
be studied. A systematic review performed by Falagas et al*’
highlighted the fact of organism-specific efficacy of AHP,
mandating ongoing assessment of the technology against
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various pathogens and mutant forms. In addition, certain fac-
tors need to be considered when evaluating disinfecting pro-
cesses which are capable of inactivating SARS-CoV-2 after
a short contact time, eg, AHP including temperature, humidity,
the size of the initial inoculum, and duration of viral shedding.”
An intensive care-based study has found a higher positivity rate
was noted following routine decontamination by hydrogen
peroxide wipes and ammonium chloride-based solutions,*’
However, our study was performed in an airborne isolation
facility with ACH of 15 with lesser chance to accumulate viral
droplets. This highlights the fundamental role of appropriate
building engineering control and infrastructure of healthcare
facilities at the design phase in order to promote higher ventila-
tion and enhanced air change rates.

The main limitation of the presented work is the difficulty
to conclude viability of the emerging virus through molecular
detection of RNA extracted from the collected samples, since
viral nucleic acid detection does not necessarily indicate the
presence of infectious virus.’® Nevertheless, infectious parti-
cles are a concern on the environmental surfaces at least
immediately after shedding since the SARS-CoV-2 persist
for a variable period between 2—18 hours, while other members
of Coronaviridae have shown maintained viability for several
days on such surfaces.>*”'* Thus, an intermittent environ-
mental sampling approach, both active and passive methods,
is worthwhile in order to prevent cross-transmission, since
dissemination of SARS-CoV-2 not only can occur through
direct contact but also through aerosolized-viral particles
over a short distance and touching a viable virion on surfaces.
Effective control of the continued spread of SARS-CoV-2
infection needs to consider all these reservoirs of the infection.
This will also help in identifying high-risk fomites in individual
institutions.

Conclusion

In summary, we established a method for environmental sam-
pling in COVID-19 isolation wards to objectively assess the
decontamination procedures used within institutions to eradi-
cate SARS-CoV-2 from the facility. Although our data demon-
strated the presence of RNA of the SARS-CoV-2 in the
hospital environment, suggesting a potential reservoir of the
infection in cases of epidemics even in the case of a mild
disease, this has to be verified in future viability studies. We
provided evidence that the automated AHP systems are an
effective adjunct to conventional methods of terminal decon-
tamination, and that AHP has the potential to reduce viral
transmission in epidemic settings. Further exploration of the
optimal, standardized application and cost effectiveness of

automated decontamination systems in healthcare settings is
required, as such expensive technologies can potentially save
resources if systematic evaluation demonstrates consistent
efficiency in breaking the chain of nosocomial transmission.
In addition, forthcoming studies should also compare the effi-
cacy of various combinations of interventions in mitigating the
spread of SARS-CoV-2.
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