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Abstract 

Background: Current SARS-CoV-2 pandemic has provoked the collapse of some health systems due to 
insufficient intensive care unit capacity. The use of continuous positive airway pressure (CPAP) and high-
flow nasal oxygen (HFNO) therapies have been limited in consideration of the risk of occupational 
infection in healthcare professionals. 

Aims: In preclinical experimental simulations, evaluate occupational and environmental safety of the 
newly developed isolation system for aerosol transmitted infections (ISATI). 

Method: Simulations were conducted to test ISATI’s capability to isolate aerosolized molecular 
(caffeine), and biological (SARS-CoV-2 synthetic RNA) markers. Caffeine deposition was analyzed on 
nitrocellulose sensor discs by proton nuclear magnetic resonance spectroscopy. Synthetic SARS-CoV-2 
detection was performed by reverse transcription polymerase chain reaction. 

Results: ISATI demonstrated efficacy in isolating molecular and biological markers within the enclosed 
environment in simulated conditions of CPAP, HFNO and mechanical ventilation therapy. Neither the 
molecular marker nor substantial amounts of synthetic SARS-CoV-2 RNA were detected in the 
surrounding environment, outside ISATI, indicating appropriate occupational safety for healthcare 
professionals. 

Conclusion: Aerosolized markers were successfully contained within ISATI in all experimental 
simulations, offering occupational and environmental protection against the dissemination of aerosolized 
microparticles under CPAP or HFNO therapy conditions, which are indicated for patients with acute 
respiratory infections. 

 

Keywords: Occupational respiratory infection; isolation devices respiratory infection; COVID-19; 
influenza; high-flow oxygen; continuous positive airway pressure 
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1. Introduction 

Respiratory viruses can be highly infectious, mainly due to person-to-person transmission through 
respiratory droplets produced by expiration, coughing or sneezing [1].  Infected individuals present a 
range of clinical manifestations, from flu-like symptoms to severe pneumonia, in some cases necessitating 
oxygen support and/or hospitalization [1,2]. Reports of viral aerosol transmission, notably in hospital 
environments, presents a challenge to the occupational safety of health professionals [1,3-5]. In the 
SARS-CoV-1 outbreak in Canada in 2003, half of all cases resulted from the nosocomial contamination 
of health professionals [6]. Studies indicate that coronavirus particles can remain viable in external 
environments for hours, supporting the notion of high rates of incidence with regard to occupational 
contamination [7-9]. 

As health care professionals face a greater risk of transmission during aerosol-generating procedures 
performed in patients infected with respiratory viruses, strict requirements have been implemented with 
regard to the use of non-invasive ventilation (NIV), continuous positive airway pressure (CPAP) and 
high-flow nasal oxygen (HFNO) therapies [5,6,10-12]. The isolation of rooms by laminar air flow and 
negative pressure has made the widespread use of NIV and HFNO infeasible in the face of the COVID-19 
pandemic [6,10-12]. In an effort to avoid hospital airflow system contamination by aerosolized viral 
particles generated when performing HFNO and CPAP therapies, these procedures are often not 
performed even when indicated [6,10-12].  

The COVID-19 pandemic has demonstrated the capacity of respiratory viruses to collapse healthcare 
systems worldwide [11,13]. COVID-19 patients who progress to respiratory failure, necessitating 
orotracheal intubation and prolonged periods of mechanical ventilation during hospitalization, have 
placed high demands on intensive care units (ICU) [6,11,13]. Treatment guidelines designed to limit 
aerosol transmission by COVID-19 patients have recommended early orotracheal intubation with 
mechanical ventilation, further exacerbating pressure on hospital ICUs [6]. In several countries, baseline 
ICU bed capacity has been exceeded [11,13]. In this scenario, emergency temporary measures, including 
treating  hypoxemic COVID-19 patients with CPAP or HFNO, were not possible due to occupational 
contamination risk, despite these oxygen support therapies being appropriate therapeutic alternatives for 
affected patients [6,10,14,15]. 

This manuscript describes preclinical experiments for validation of an easily implementable system for 
the isolation of patients with respiratory virus infection, denominated Isolation System for Aerosol 
Transmitted Infections (ISATI). The objective is to safely enable an alternative for oxygen delivery via 
NIV or HFNO for patients with mild or moderate hypoxemia, especially in hospital environments 
challenged by infectious aerosol transmission with deficient ICU capacity. ISATI has been designed to 
prevent viral contamination in hospital environments, and thus increase the occupational protection of 
health professionals and other hospitalized patients. The present report aims to evaluate the effectiveness 
of the proposed system in retraining the dissemination of aerosolized molecular and biological markers in 
simulated CPAP, HFNO and mechanical ventilation procedures. 

 

2. Methods 
 

2.1 Description of the Isolation System for Aerosol Transmitted Infections (ISATI) 

ISATI possesses two distinct security features: a physical barrier between the patient and the external 
environment, and a microparticle filter for connection to hospital vacuum pump systems. The physical 
barrier consists of a transparent polyethylene plastic cover (measuring 5x4x0.001m) manufactured by 
Bhiosupply®. To maintain the plastic cover elevated over the patient, a sterilizable, stainless steel 
structure was designed (Bhiosupply®), which allows the system to dynamically adapt to any type of 
hospital bed and also enables the hospital bed to be fully elevated. The sizeable plastic cover surrounds 
the entire hospital bed and is fixed to the inferior part of the bed via a polyester and elastane elastic band 
(Figure 1). A 0.1-0.2µ porous membrane microparticle filter (Bhiosupply®) enables connection to a 
hospital vacuum pump system or can be connected to another vacuum pump at a suction pressure outflow 
rate of 40 L/min. The air suction system connected to the microparticle filter aspirates continuously the 
air under the plastic cover. The disposable components of ISATI are the plastic cover and microparticle 
filter. Non-disposable autoclavable components are fabricated from stainless steel. 
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2.2 Molecular marker analysis by proton nuclear magnetic resonance spectroscopy 

Chemical monitoring (internal and external) was performed using strategically positioned pairs of 
nitrocellulose discs (NC 47mm 8.0µ) used as sensors to detect the molecular marker (Figure 2), caffeine 
(1,3,7-trimethylpurine-2,6-dione), which was dispersed (1% w/v solution) within the ISATI via either 
pressurized aerosolization or nebulization. The air suction system under the plastic cover was activated 
during all experiments. Upon conclusion of each experiment, all sensor discs were removed and placed 
inside 5 mL Eppendorf tubes protected from light for posterior analysis. 

All sensor discs were sonicated in their respective Eppendorf flasks for 5 minutes in a 0.6 mL D2O 
solution containing 0.2% TSP-d4 [3- (trimethylsilyl) propionate-2,2,3,3 -d4 sodium]. The extracted 
solution was then analyzed by proton nuclear magnetic resonance spectroscopy (1H-NMR). 

All 1H-NMR analysis was performed using a 14.1 Tesla (600 MHz for hydrogen frequency) Bruker 
AVANCE III HD 600 MHz nuclear magnetic resonance spectrometer, using a 5 mm proton-optimized 
triple cryo-probe, with the sampling temperature maintained at 298K during the entire analysis using a 
pulse sequence with a continuous wave pre-saturation and gradient field. The following acquisition 
parameters were utilized: acquisition time (AQ=4.18s), relaxation delay (d1=1s), spectral width 
(SWH=7837 Hz), number of scans (ns=128), received gain (rg=128) and pulse duration (p1=7.7 µs). The 
obtained readings were processed using TopSpin® software (Bruker version 3.5 pl7) without apodization. 
For detection limit determination of 1 ppm, a water 1% caffeine solution was used, using identical 
acquisition and processing conditions as described above. 

 

2.3 Production of synthetic SARS-CoV-2 RNA and reverse transcription polymerase chain reaction 
amplification 

Sequences of the amplification sites of SARS-CoV-2 genes E, RdRp and N, along with the T7 promoter 
sequence, were synthetized as duplex DNA oligonucleotides; in vitro transcription was performed using a 
T7 RiboMAX™ Express Large Scale RNA Production System (Promega, Madison, WI, USA) in 
accordance with the manufacturer's instructions. The generated synthetic RNA transcripts were mixed in 
15 mL of 0.9% NaCL solution at the following concentrations: 1010 RNA copies/mL for the E gene and 
107 RNA copies/mL for genes N and RdRp. Detection was performed by reverse transcription polymerase 
chain reaction (RT-PCR) using a commercially available multiplex kit (Allplex™ 2019-nCoV Assay - 
Seegene, Seoul, South Korea), following the manufacturer's instructions. RT-PCR was performed on a 
7500 Fast Real Time PCR system (ThermoFisher Scientific, Waltham, MA, USA) using a total of 45 
amplification cycles for each tested sample. Amplification of the nucleic acid was detected by 
accumulation of a fluorescent signal, giving a cycle threshold (Ct) value, which is inversely proportional 
to the amount of target nucleic acid in the sample 

 

2.4 NIV with CPAP simulation 

In all experimental simulations, an Airway Management Trainer manikin (Laerdal®) was placed on a 
hospital bed inside the ISATI enclosure. To simulate hypoxic conditions associated with respiratory 
viruses, a tube was attached to the manikin to simulate intravenous therapy, in addition to multiparameter 
patient monitoring cables and respirator tubes. CPAP was performed using an orofacial mask set at a 
continuous positive pressure of 15 cm H20, programmed to 14 breaths/minute. In the two initial CPAP 
simulations, 15 mL of caffeine solution (1% in D2O) was sprayed inside the ISATI using a BhioQap® 
spraying device  under high-pressure aerosolization (average pressure of 200 psi) at a flow rate of 2 mL/s 
for a period of 90 minutes. A vacuum pump was activated to remove air from inside the ISATI at flow 
rate of 40 L/min throughout the duration of the experiment. In a third CPAP simulation scenario, 15 mL 
of caffeine solution was aerosolized using a medical nebulizer, with the hospital’s vacuum pump system 
again used to remove air from inside the ISATI. In a fourth CPAP experiment, a 15 mL suspension of 
0.9% NaCL containing 1010 RNA copies/mL of the E gene, as well as 107 RNA copies/mL of N and 
RdRp genes, was sprayed inside the ISATI using a nebulizer with internal suction maintained via the 
hospital’s vacuum pump system for 60 minutes. Samples were collected using swabs inside and outside 
the ISATI for RT-PCR analysis; three samples were collected for each position used for the sensor disks 
used to detect the molecular marker. Importantly, sensors for molecular marker identification were only 
removed, and samples for RT-PCR analysis were only collected, including those on the health 
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professional’s chest (figure 2), following the complete disassembly of the ISATI, including disposal of 
the plastic cover and all disposable items. 

 

2.5 HFNO simulation 

To simulate HFNO, the same experimental setting was established as described above. A nasal cannula 
was positioned in the airway of the manikin (Laerdal®) with an oxygen flow setting of 80 L/minute. A 
nebulizer was used to spray 15 mL of a 0.9% NaCL solution containing 1010 RNA copies/ml of the E 
gene, in addition to 107 RNA copies/mL of genes N and RdRp, inside the ISATI, with air suction via a 
hospital vacuum pump system maintained during the entire 60-minute experimental period. Samples were 
collected from inside and outside the ISATI for RT-PCR analysis at the same positions as described for 
NIV with CPAP simulation. Samples for RT-PCR analysis were only collected, including those on the 
health professional’s chest (figure 2), following the complete disassembly of the ISATI, including 
disposal of the plastic cover and all disposable items.  

 

2.6 Mechanical ventilation simulation 

The ISATI was assembled using the same configuration described in the previous sections. Over a 6-hour 
period, three aerosolizations, at 120-minute intervals, of 10 mL of the 1% caffeine solution were achieved 
using a pump delivering 200 psi of pressure (BhioQap®) at a flow rate of 2 mL/s.  Again airflow exhaust 
was performed by connecting the ISATI to the hospital vacuum pump system at a flow rate of 40 L/min. 
Another simulation conducted over a 6-hour period was performed using continuous nebulization while 
connected to the hospital vacuum pump system. In both experiments, nitrocellulose sensor discs were 
collected every two hours. At the end of the 6-hour period, sensors for molecular marker identification 
were only removed, including those on the health professional’s chest (figure 2), following the complete 
disassembly of the ISATI, including disposal of the plastic cover and all disposable items. 

 

3. Results 

Similar results were obtained using high pressure aerosolization (average pressure of 200 psi) versus 
aerosolization with a nebulizer. In both simulation scenarios the internal environment of the ISATI was 
saturated with droplets. ISATI’s internal air suction method, when connected to hospital’s vacuum system 
or using a pump machine with suction pressure of 40 L/min, did not interfere in the results. No traces of 
the molecular marker were detected on any of the sensor discs positioned outside the ISATI. 

The standard 1H-NMR spectra analysis of the caffeine solution, depicting a typical signature for this 
molecule, is shown in Figure 3, Spectrum A. The chemical shifts (δ) of the methyl groups (δ = 3.28; 3.45; 
3.91 ppm) and of the purine hydrogen (δ 7.88 ppm) are evident. A similar pattern is observed in spectrum 
D (yellow line), which corresponds to the sensor discs positioned inside the ISATI (positive control 
sensors) (figure 2, position 4) during the NIV with CPAP simulation. However, this signature is not 
evidenced in either spectrum B, the sensor disc positioned at the entrance of the patient monitoring cables 
and respiratory tubes (figure 2, position 1), or  spectrum C, the disc placed just below the point where 
intravenous therapy tube was positioned (figure 2, position 2), indicating the absence of caffeine 
molecules, and thus the efficiency of the ISATI. 

Figure 4 presents the 1H-NMR spectra analysis of sensor discs following a 6-hour mechanical ventilation 
simulation with a caffeine solution sprayed at 120-minute intervals inside the ISATI. Caffeine molecules 
were not found on any of the sensor discs except position 4 (spectrum E), the control sensor located inside 
the ISATI. 

After determining the isolation efficacy of the ISATI through 1H NMR analysis using caffeine as a 
molecular marker, we next evaluated its efficacy using synthetic viral particles to better emulate a clinical 
scenario involving infected patients. 

Figure 5A illustrates that undetectable levels of synthetic viral RNA (107 SARS-CoV-2 RNA copies/mL) 
were found in samples collected from the external environment of the ISATI following simulated 
aerosolization experiments. The N gene of the synthetic viral RNA was only detected in samples 
collected from positions inside the ISATI, identified as number 10 (internal surface #2, the inner surface 
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of the plastic cover), position 11 (manikin) and 12 (HEPA filter, the air inflow side of the microparticle 
filter used to connect to the hospital vacuum system, located inside the ISATI). The RdRp gene was also 
only detected in the samples collected from inside the contaminated ISATI environment, at positions 11 
and 12 (figure 5A).  

To simulate a more extreme viral particle concentration environment, the E gene (1010 synthetic SARS-
CoV-2 viral RNA per mL, 15 mL of solution) was found to be detectable in all analyzed samples. Here a 
scattering gradient was observed, with much higher concentrations identified inside the ISATI with 
gradually reduced levels found in the external environment (figure 5B).  

 

4. Discussion 

Experimental testing under all simulated conditions indicated that ISATI effectively contained the 
molecular marker evaluated, 1 ppm of caffeine, without leading to contamination in the surrounding 
external environment during and after the performed simulations, as determined by 1H-NMR analysis of 
sensor discs. 

The simulated conditions in this study were designed to be more critical than actual medical situations. 
For 900 minutes in the simulations, the caffeine solution was aerosolized under high pressure (average 
pressure of 200 psi), equivalent to approximately 14,000 cm H2O, which is much higher than that used in 
NIV with CPAP (max. 30 cm H2O). All experimental simulations resulted in the internal environment of 
ISATI becoming saturated with the aerosolized solution, with clearly visible droplet formation inside the 
plastic cover. 

Experimental simulations also involved concentrations of synthetic RNA particles aerosolized inside the 
ISATI that simulated much more infectious conditions than the virus concentrations described in clinical 
settings [4,9,16]. The aerosolization of Synthetic RNA virus at a concentration of 107 copies/mL was 
equivalent to 150 million virus particles, considering that 15 mL of solution was aerosolized inside 
ISATI. It simulated a condition with extremely high virus air concentration, not identified in publications 
describing virus air concentrations in clinical settings [4,9]. The concentration of 1010 synthetic RNA 
copies/mL aerosolized 150 billion viral particles in 15 mL of solution, simulating an inconceivable 
clinical condition not described in scientific publications in the context of respiratory airborne virus 
conditions [4,9,16]. This extreme viral particle concentration was intentionally used to certify that small 
amounts of synthetic virus particles could be detected outside the ISATI, and was not designed to 
evaluate the system’s efficacy. 

Sars-CoV-2 concentrations in throat and sputum samples of infected patients have reportedly ranged from 
641 copies per mL to 1.34x10¹¹ copies per mL, with a median of 7.99x10�/mL in throat samples and 
7.52x10�/mL in sputum samples [15]. Studies identify lower environmental concentrations of SARS-
CoV-2 particles than levels found in infected patients’ throats and saliva [4,9,16]. Studies have also 
indicated that airborne virus concentrations near hospitalized COVID-19 patients present maximum 
concentrations of 4.82x104/mL in the air next to patients receiving oxygen by nasal cannula [4,9]. Mean 
air virus concentrations in patient rooms had the highest values at 2.86x103/mL [4]. 

SARS-CoV-1 infected patients were reported to present saliva concentrations of 7.08x103 to 6.38x108 
copies per mL (median: 9.92x104 copies/mL) [17]. Data on SARS-CoV-1 nasopharyngeal concentrations 
ranges from 1.7x103/mL to 3.4x107/mL [17,18]. Airborne SARS-CoV-1 concentrations near infected 
patients ranged from 1.1x101 to 1.3x105 copies/mL [19]. The number of SARS-CoV-1 particles expelled 
per cough in infected patients was shown to be less than that found in nasopharynx [18-20]. SARS-CoV-1 
cough concentrations ranged from 900 particles to 3.02x105 particles/mL/cough [20].  

Average air concentrations of viral load in influenza were found to be 4x105 copies/mL up to 0.3 meters 
away from infected patients, while higher numbers of particles (1.9x106) were identified closer to patients 
[21]. 

Published data on virus concentrations in the air near infected patients with influenza virus, SARS-CoV-1 
and Sars-CoV-2 indicate that total viral concentrations do not exceed 106 particles/mL even in the 
presence of aerosol-producing medical procedures [4,9,19-21]. These data confirm that the synthetic virus 
concentration used in the present study (107 copies/mL) to evaluate the efficacy of the ISATI is 
considerably higher than the expected air concentrations found near patients infected with respiratory 
viruses [4,9,19-21]. 
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Airborne viral concentrations of SARS-CoV-1 and Sars-CoV-2 have been reported to be similar 
[4,9,19,20]. Considering the concentration of synthetic RNA particles used in the present experimental 
simulations (107 copies/mL, equivalent to 150 million viral particles) compared to the maximum reported 
concentration of SARS-CoV-1 per cough (30.2x104 particles/mL/cough) [20], an equivalent measure 
would be a patient coughing no less than 496 times in a 60-minute period in order to achieve the virus 
concentration established in the present study. 

Considering all experimental simulations conducted herein, a total of 160 external sensor discs were 
analyzed, with no caffeine detected on any of the external sensors analyzed. In addition, synthetic SARS-
CoV-2 RNA particles were used as an additional method of evaluating the ability of ISATI to isolate 
virus particles and protect the surrounding environment.  The efficacy of the ISATI was confirmed by the 
detection and quantification of synthetic RNA by RT-PCR amplification. 

The molecular size of caffeine is on the order of Angstroms (10-10m), while viral particles are measured in 
nanometers (10-9m). Importantly, SARS-CoV-2 dissemination occurs through the aerosolization of larger 
particles measuring in submicrons (0.25 to 1.0 μm) or supermicrons (> 2.5 μm) [9]. It follows that ISATI 
was shown to inhibit the dissemination of caffeine molecules, which are smaller than viral particles, and 
also to prevent the spread of larger-sized synthetic SARS-CoV-2 RNA. Regardless of the size of the 
marker used in experimentation, our results indicate the environmental safety of ISATI as an isolation 
system capable of proving occupational protection to health professionals treating patients with aerosol 
transmitted infections. 

The data in the literature is controversial regarding the use of CPAP in the treatment of virus-related 
respiratory failure. Publications indicate that this procedure does not decrease the need for intubation and 
should be avoided due to high failure rates in patients with acute respiratory distress syndrome and H1N1 
[12,22]. However, clinical reports have also indicated that patients affected by acute respiratory syndrome 
during the 2003 (SARS) and 2009 (H1N1 virus) epidemics who were submitted to CPAP had shorter 
hospital stays and lower mortality rates than patients treated with mechanical ventilation, obtaining results 
similar to hospitalized patients who did not need ventilation support [23,24], with a CPAP effectiveness 
rate of 40.6% [24]. Benefits with regard to NIV also reveal that similar rates of mortality were found in 
patients for whom CPAP support was ineffective, thus requiring further mechanical ventilation, as those 
necessitating intubation as the initial treatment of acute respiratory failure [23,24. Guidelines have been 
published suggesting the use of CPAP and HFNO [25,26] and publications provide evidence of benefits 
of these therapies in COVID-19 patients [27-29].  

Regardless of the controversy as to whether early intubation, CPAP or HFNO represent the best initial 
treatment option for respiratory virus-related hypoxemia, it is important to recognize that ICU availability 
has been lacking in some countries during the COVID-19 pandemic, thus necessitating alternative 
measures for the mechanical ventilation of hypoxemic patients, even if performed as a temporary stopgap 
measure. Insufficient amounts of ICU beds during respiratory viral outbreaks can lead to the collapse of 
health systems, and NIV could offer a solution to provide oxygen to patients, thus keeping them alive, 
until achieving stability in ICU capacity. However, the conduct of NIV in the context of aerosol-
transmitted infections must be performed in hospital environments that can ensure occupational safety for 
healthcare professionals. 

Considering the experimental data presented herein, we conclude that ISATI represents an efficient 
system to prevent the dissemination of microparticles under the simulated conditions described. ISATI 
could be a useful tool to boost occupational and environmental safety in cases where NIV or HFNO are 
indicated for hypoxemic patients with respiratory viral infections, dispensing the need to isolate these 
patients exclusively in laminar airflow and negative pressure environs. The system can also be used to 
promote environmental protection by isolating infected patients under mechanical ventilation for up to 6 
hours, and offers protection to health care professionals by lowering airborne contamination within 
hospitals.  

The results of this experimental study provide convincing evidence of ISATI’s efficacy in the simulations 
described in this publication. Considering the demands placed by the Sars-CoV-2 pandemic on the 
Brazilian health system, the clinical use of ISATI was approved by national health authorities under the 
brand of BhioCOVID®, manufactured by Bhiosupply®. 

The process required to assemble ISATI is simple and can be accomplished in just a few minutes. With 
the patient lying on a hospital bed, the non-disposable stainless steel components are installed. Part of this 
structure houses the microparticle filter connected to a plastic tube that is attached to the hospital’s 
vacuum system, establishing an air suction system once activated. A CPAP face mask or nasal catheter 
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for HFNO are attached to the patient. The plastic cover is then positioned over the patient and the hospital 
bed. An elastic band secures the inferior part of the plastic cover to the hospital bed. Oxygen flow for 
CPAP or HFNO is then initiated. 

As ISATI resembles a chamber, CO2 buildup represents a plausible concern.  However, as the patients 
inside are being treated with oxygen, high oxygen concentrations are produced. In addition, ISATI does 
not constitute a fully enclosed chamber; rather, it promotes isolation.  The air under the plastic cover is 
continuously aspirated, thereby creating a preferential air flow.  The elastic band that fixes the inferior 
part of the plastic cover to the bed has been intentionally designed to allow air to enter, which results in 
the establishment of a negative pressure environment. Our experiments demonstrate that the air inside the 
ISATI does not exit the chamber through its inferior section, as no markers were detected by 
sensors/sample collection. 

The plastic that covers the entire hospital bed is transparent. There have been no COVID-19 infected 
patients reports of feelings of claustrophobia, in clinical settings, when treated with CPAP or HFNO 
using ISATI. 

Once non-invasive ventilation is started, provoking aerosolized particle dissemination, lifting the plastic 
cover of ISATI’s chamber to access to the patient is inadvisable, as this would promote contamination. If 
there is any need to gain access to the patient, the entire plastic cover with its disposable items would 
need to be completely discarded.  

Removal of the plastic cover can be accomplished in seconds. Oxygen flow is first turned off or lowered 
to 2L per minute, after which the elastic band underneath the cover is removed. Two health personnel 
positioned on the sides of the bed remove the plastic cover by rolling it up with the external surface 
outward for eventual disposal. The microparticle filter and air suction tube are also retrieved and 
discarded. All non-disposable items are cleaned with antiseptic solutions in the case of reuse by the same 
patient. Non-disposable items, such as the stainless steel structure, are autoclaved prior to being used for 
another patient.  

Our experimental tests did not detect any occupational risk in the removal and discard of the plastic cover 
when the suction system remained connected to the microparticle filter under aspiration.  Swabbing to 
identify synthetic virus particles and sensors for the detection of caffeine placed on the garments of the 
personnel who removed the plastic cover did not reveal the presence of any markers. 

 

5. Conclusions 

The present experiments indicate that ISATI is effective in microparticle containment under simulated 
conditions of CPAP, HFNO and mechanical ventilation. In all simulation scenarios, the molecular marker 
aerosolized inside the ISATI was undetectable at the exterior sampling positions evaluated. The use of a 
synthetic SARS-CoV-2 RNA gradient both inside and outside the ISATI demonstrated its efficacy in viral 
isolation capability. This tool should be considered in an effort to guarantee the environmental and 
occupational safety of health professionals when performing CPAP and HFNO in eligible respiratory 
virus-infected patients to diminish the risk of contamination. 

 

  

ACCEPTED M
ANUSCRIP

T



Authorship contributions 

Authors that participated in the process of planning, conception of the study design, conducting 
experiments, acquisition, interpretation and analysis of data: Quadros CA, Leal MB, Baptista-Sobrinho 
Cd, Nonaka CK, Souza BS, Ferreira AG. Authors that participated in conducting experiments and data 
acquisition: Milan-Mattos JC, Catai AM, Pires Di Lorenzo VA. All authors participated in writing the 
manuscript.  

 

Data sharing 

The data, analytic methods, and study materials will be made available to other researchers by request to 
the corresponding author. 

 

Funding 

This study was sponsored by the Laboratory of Nuclear Magnetic Resonance, Department of Chemistry, 
São Carlos Federal University and the Center for Biotechnology and Cell Therapy, São Rafael Hospital, 
D'Or Institute for Research and Education. 

 

Declaration of interest 

The authors have no other relevant affiliations or financial involvement with any organization or entity 
with a financial interest in or financial conflict with the subject matter or materials discussed in the 
manuscript apart from those disclosed.  

 

Reviewer Disclosures 

Peer reviewers on this manuscript have no relevant financial or other relationships to disclose.  

 

Acknowledgements 

Bhiosupply® provided logistic support and made some essential items used in the experiments available, 
which were otherwise difficult to purchase considering the conditions imposed by the ongoing pandemic. 
The authors thank the efforts of Bhiosupply® staff: Marcelo Saraiva, Alberto Pereira, Paulo Ferreira and 
Viviane Linck. English editing of the manuscript was performed by Andris K. Walter.  

  

ACCEPTED M
ANUSCRIP

T



References 

Papers of special note have been highlighted as: * of interest, ** of considerable interest 
 
[1] Kutter JS, Spronken MI, Fraaij PL, et al. Transmission routes of respiratory viruses among humans. 
Current Opinion in Virology 2018;28:142–151. https://doi: 10.1016/j.coviro.2018.01.001. 

[2] Gandhi RT, Lynch JB, del Rio C. Mild or Moderate Covid-19. N Engl J Med. 2020. https://doi: 
10.1056/NEJMcp2009249. Online ahead of print. 

[3] Siegel JD, Rhinehart E, Jackson M, et al. Health Care Infection Control Practices Advisory 
Committee. 2007 guideline for isolation precautions: preventing transmission of infectious agents in 
health care settings. American J Infect Control 2007;35(10):S65-164. https://doi: 
10.1016/j.ajic.2007.10.007. 

[4] Santarpia JL, Rivera DN, Herrera V, et al. Transmission potential of SARS-CoV-2 in viral shedding 
observed at the University of Nebraska Medical Center. medRxiv 2020. 
https://doi.org/10.1101/2020.03.23.20039446. [Online ahead of print.] 

[5] Cherrie JW, Loh M, Aitken RJ. Protecting healthcare workers from inhaled SARS-CoV-2 virus. 
Occup Med. 2020. https://doi: 10.1093/occmed/kqaa077. Online ahead of print. 

[6] Brewster DJ, Chrimes NC, Do TB, et al. Consensus statement: Safe Airway Society principles of 
airway management and tracheal intubation specific to the COVID-19 adult patient group. Med J Aust 
2020;212(10): 472–481. https://doi: 10.5694/mja2.50598. 

[7] van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and Surface Stability of SARS-CoV-2 as 
Compared with SARS-CoV-1. The New England journal of medicine 2020;382:1564-7. https://doi: 
10.1056/NEJMc2004973. 

[8] Kampf G, Todt D, Pfaender S, Steinmann E. Persistence of coronaviruses on inanimate surfaces and 
its inactivation with biocidal agents. J Hosp Infect 2020;104(3):246-251. https://doi: 
10.1016/j.jhin.2020.01.022. 

[9] Liu Y, Ning Z, Chen Y, et al. Aerodynamic analysis of SARS-CoV-2 in two Wuhan hospitals. Nature 
2020;582:557-560. https://doi: 10.1038/s41586-020-2271-3. 

[10] Wax RS, Christian MD. Practical recommendations for critical care and anesthesiology teams caring 
for novel coronavirus (2019-nCoV) patients. Can J Anaesth. 2020 May;67(5):568-576. https://doi: 
10.1007/s12630-020-01591-x. 

[11] Grasselli G, Pesenti A, Cecconi M. Critical care utilization for the COVID-19 outbreak in Lombardy, 
Italy: early experience and forecast during an emergency response. Jama 2020. 28; 323(16): 1574–1581. 
https://doi:10.1001/jama.2020.4031. 

[12] Ramsey CD, Funk D, Miller III RR 3rd, Kumar A.  Ventilator management for hypoxemic 
respiratory failure attributable to H1N1 novel swine origin influenza virus. Crit Care Med. 2010 Apr;38(4 
Suppl):e58-65. https://doi: 10.1097/CCM.0b013e3181cde600. 

[13] Du RH, Liu LM, Yin W, et al. Hospitalization and critical care of 109 decedents with COVID-19 
pneumonia in Wuhan, China. Ann Am Thorac Soc 2020;17(7):839-846. https://doi: 
10.1513/AnnalsATS.202003-225OC. 

[14] Cheung JCH, Ho LT, Cheng JV, et al. Staff safety during emergency airway management for 
COVID-19 in Hong Kong. Lancet Respir Med 2020; published online Feb 24. https://doi.org/10.1016/ 
S2213-2600(20)30084-9. 

[15] Ñamendys-Silva, SA. Respiratory support for patients with COVID-19 infection. Lancet Respir Med 
2020;8(4):e18. https://doi.org/10.1016/S2213-2600(20)30110-7. 

[16] Pan X, Chen D, Xia Y, et al. Viral load of SARS-CoV-2 in clinical samples. Lancet 2020; 20: 410-
411. 

ACCEPTED M
ANUSCRIP

T



[17] Wang WK, Chen SY, Liu IJ, et al. Detection of SARS-associated coronavirus in throat wash and 
saliva in early diagnosis. Emerging Infectious Diseases 2004; 10(7): 1213-19. https://doi: 
10.3201/eid1007.031113. 

[18] Drosten C, Gunther S, Preiser W, et al. Identification of a novel coronavirus in patients with severe 
acute respiratory syndrome. N Engl J Med. 2003;348:1967–76. https://doi: 10.1056/NEJMoa030747. 

[19] Milton DK, Fabian MP, Cowling BJ, et al. Influenza virus aerosols in human exhaled breath: particle 
size, culturability, and effect of surgical masks. PLoS Pathog. 2013 Mar; 9(3): e1003205. https://doi: 
10.1371/journal.ppat.1003205. 

[20] Lindsley WG, Pearce TA, Hudnall JB, et al. Quantity and size distribution of cough-generated 
aerosol particles produced by influenza patients during and after illness. J Occup Environ Hyg 2012 9(7): 
443–9. https://doi: 10.1080/15459624.2012.684582. ** Data of SARS-CoV-1 cough concentrations in 
clinical settings. Data of this publication was used to compare the concentrations of SARS-CoV-2 
synthetic RNA used in the present publication. 

[21] Bischoff WE, Swett K, Leng I, et al. Exposure to influenza virus aerosols during routine patient care. 
The Journal of Infectious Diseases 2013;207:1037–46. https://doi.org/10.1093/infdis/jis773. 

[22] Agarwal R, Reddy C, Aggarrwal AN, Gupta D. Is there a role for noninvasive ventilation in acute 
respiratory distress syndrome? A meta-analysis. Respir Med. 2006;100:2235–2238. doi: 
10.1016/j.rmed.2006.03.018. 

[23] Kopić J, Paradžik MT. Expanding the use of noninvasive ventilation during an epidemic. Disaster 
Med Public Health Prep 2014;8:310-4. https://DOI: 10.1017/dmp.2014.71. 

[24] Masclans JR, Perez M, Almirall J, et al. Early non-invasive ventilation treatment for severe influenza 
pneumonia. Clin Microbiol Infect 2013;19(3):249-256. https://doi: 10.1111/j.1469-0691.2012.03797.x. 
** Data that favors the use CPAP in hypoxemic H1N1 infected patients. CPAP had an effectiveness rate 
of 40.6%. In patients in whom CPAP failed and mechanical ventilation was needed, the delay in 
intubation did not increase mortality. CPAP success was associated with shorter hospital stay and failure 
was associated with a mortality rate similar to those who were intubated from the start. 

[25] Italian Thoracic Society, Italian Respiratory Society. Managing the Respiratory care of patients with 
COVID-19, English version. Milan, Italy, March 08, 2020. http://www.sipirs.it/cms/wp-
content/uploads/2020/03/Managing-the-Respiratory-care-of-patients-with-COVID-19.pdf. * Scientific 
Italian societies guidelines suggesting the use of CPAP or HFNO in COVID-19 hypoxemic patients. 

[26] Pfeizer M, Ewig S, Voshaar T, et al. Position paper for the state-of-the-art application of respiratory 
support in patients with COVID-19, German Respiratory Society. Pneumologie 2020;74(6):337-357. 
https://doi: 10.1055/a-1157-9976. * German society guideline suggesting the use of CPAP or HFNO in 
COVID-19 hypoxemic patients. 

[27] Nightingale R, Nwosu N, Kutubudin F, et al. Is continuous positive airway pressure (CPAP) a new 
standard of care for type 1 respiratory failure in COVID-19 patients? A retrospective observational study 
of a dedicated COVID-19 CPAP service. BMJ Open Respir Res 2020;7(1):e000639. https://doi: 
10.1136/bmjresp-2020-000639. ** 24 hypoxemic patients with COVID-19, all with type 1 respiratory 
failure and all deemed appropriate for intubation and invasive mechanical ventilation (IMV), were 
initially submitted to ventilation support with CPAP; only 38% required IMV within 24 ours of initiating 
CPAP, survival was of 79%, no adverse incidents were related to CPAP. 

[28] Burns GP, Lane ND, Tedd HM, et al. Improved survival following ward-based non-invasive pressure 
support for severe hypoxia in a cohort of frail patients with COVID-19: retrospective analysis from a UK 
teaching hospital. BML Open Respir Res 2020;7:e000621. https://doi:10.1136/ bmjresp-2020-000621. ** 
28 patients with COVID-19 and severe hypoxia, median age was 81.5 years, in whom escalation to 
critical care unit to have invasive mechanical ventilation was not deemed appropriate according to NICE 
rapid guideline, were exclusively treated with CPAP of BiPAP with a 50% survival. Similar survival rate 
obtained in less frail COVID-19 patients, younger and with less comorbidities, treated with mechanical 
ventilation in critical care units of the same institution that promoted the study.  

ACCEPTED M
ANUSCRIP

T



[29] Oranger M, Gonzalez-Bermejo J, Dacosta-Noble P, et al. Continuous positive airway pressure to 
avoid intubation in SARS-CoV-2 pneumonia: a two-period retrospective case-control study. Eur Respir J. 
2020;2001692. http://doi:10.1183/13993003.01692-2020. ** Data indicating that, as an initial treatment 
of hypoxemic COVID-19 patients, CPAP or HFNO are better than early mechanical ventilation. 

  

ACCEPTED M
ANUSCRIP

T



 

Figure 1 

  

ACCEPTED M
ANUSCRIP

T



 

Figure 2 

  

ACCEPTED M
ANUSCRIP

T



 

Figure 3 

  

ACCEPTED M
ANUSCRIP

T



 

Figure 4 

ACCEPTED M
ANUSCRIP

T



 

Figure 5 

ACCEPTED M
ANUSCRIP

T




