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Abstract 

The emergence of the SARS-CoV-2 pandemic has transformed not just healthcare, but also 

economic systems on a global scale. Despite significant efforts to contain the infection, it 

continues to spread. Stringent infection control measures have been taken to minimise the 

transmission between individuals and healthcare workers, especially those undertaking 

aerosol generating medical procedures. The uncertainties surrounding infection transmission 

through breath tests in particular, and to some extent faecal testing, will invariably cause 

concerns amongst both the patients and healthcare workers. It is therefore pertinent that all 

of the necessary measures are adopted to minimise risk of spreading. In this article, we 

summarise the physiology and virulence of SARS-CoV-2 and discuss the implications for 

breath testing (in both the clinical and research arena) as well as outlining methods to 

mitigate these risks.  
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Introduction 

On the 11th of March 2020, the World Health Organization declared the Severe Acute 

Respiratory Syndrome coronavirus-2 (SARS-CoV-2) infection to be a pandemic. Originating 

from the city of Wuhan in China, the SARS-CoV-2 virus has engulfed 210 countries and 

territories in the world. Healthcare systems are currently undergoing a massive overhaul, in 

order to tackle this unprecedented crisis of an air borne pathogen. Once the pandemic settles 

down, a few of these changes are likely to remain in place for good – at least in order to be 

better prepared with measures against highly transmissible viruses.  

SARS-CoV-2 is a single stranded RNA virus, belonging to the beta coronavirus family. Over the 

past few decades, coronavirus outbreaks have occurred from time to time and efforts made 

to sustain the infections. SARS-CoV emerged in 2002 and spread to 26 nations which resulted 

in 774 deaths with a case fatality rate of 9.5%.1 The Middle East Respiratory Syndrome 

coronavirus (MERS-CoV) was first identified in 2012 which resulted in 858 deaths and case 

fatality rate of 34.4%.2  SARS-CoV-2, at the time of writing this article (28th of April 2020) has 

resulted in 202,733 deaths out of 2,959,929 confirmed cases in 210 countries/regions.     

SARS-CoV-2 usually causes mild respiratory symptoms (sub-clinical), but on occasion leads to 

severe pneumonitis.3 The most common transmission routes include inhalation of airborne 

droplets and contact transmission to the mucus membranes. Of particular concern is the fact 

that asymptomatic people can also shed the virus.4,5 It’s high reproductive number (R0 - 

defined as the average number of secondary infections produced by a typical case in a wholly 

susceptible population)6 and shorter serial interval (the time interval between the symptom 

onset in a primary case and symptom onset in a secondary case)7 testifies of its high virulence.  
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Breath tests 

Detection of biomarkers in an exhaled breath has drawn a lot of attention in recent times; 

particularly as an emerging non-invasive modality of diagnosis for various diseases. It’s 

relative low cost and feasibility for point of care testing has made them an attractive 

complementary diagnostic tool.  

Human exhaled breath consists of aerosols, volatile and non-volatile organic compounds, 

phospholipids8, proteins, oxidation products and microbiomes.9–11 Different pathological 

conditions cause distinct compositions of these mixtures which results in a unique pattern 

(‘fingerprint’), specific for that disease process. Various breath recipient devices (e.g. Tedlar® 

bags [E. I. du Pont de Nemours and Company, Wilmington, DE, USA], aluminized Mylar bags, 

Tenax® cartridges [Buchem B.V., Apeldoorn, The Netherlands], Bio-VOC™ bottles [Markes 

International Ltd., Llantrisant, UK] and more recently the EBC condenser, ReCIVA™ [Owlstone 

Ltd., Cambridge, UK], RTube™ [Respiratory Research Inc., Austin, TX, USA] and QuinTron™ 

samplers [QuinTron, Milwaukee, WI, USA] and analytical methods (e.g. gas and liquid 

chromatography mass spectrometry, ion-mobility spectrometry, electronic noses, ultra violet 

and infra-red spectroscopy) have been described in literature largely determined by the 

disease of interest. Gas phase breath sampling has been used widely within day-to-day clinical 

practice (such as H-pylori breath tests, hydrogen breath tests) and in the research domain- 

breath volatile organic compound tests for detection of lung cancer12, tuberculosis13 and 

others. Exhaled breath condensate (EBC) is collected by passing breath through a condensing 

device. EBC sampling has shown some use in assessing pulmonary inflammation, genotyping 

of pulmonary microbiome etc.14 
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Breath tests and the risk of SARS-CoV-2 transmission - A conundrum? 

Most of the breath tests currently used in clinical practice are based on tidal volume 

breathing. The droplet generation during this type of breathing and the risk of virus spread 

are minimal.15 However, repeated inhalation and breath holding during a breath testing 

procedure could result in rapid breathing, forced expiration, cough and possibly deep 

breathing. The latter effects increase the generation of aerosols. A study by Johnson and 

Morawska16 showed that, following inhalation to normal end-tidal lung volume, deep 

exhalation can increase the aerosol generation up to 6-fold. Furthermore, cough can expel 

more aerosol through its wind shear effect in the respiratory tract. Another study showed 

that inhalation to total lung capacity (deep breaths) can result in 70-fold increase in particle 

concentration.15 More recently, it has been shown that virus particles can be detected in the 

saliva of infected patients.17 This suggests that even at normal tidal volume breathing (as in 

diagnostic testing), SARS-CoV-2 could be detectable and therefore transmissible. Moreover, 

a large proportion of the particles generated by the above-mentioned breathing activities 

were below the mean diameter of 0.8 microns.18 Hence, these smaller particles, known as 

aerosols, remain suspended in air for longer periods and could result in airborne transmission.  

The R0 for SARS-CoV-2 appears to be higher than that of other droplet transmissible 

infections, such as SARS-CoV-1 and Tuberculosis. The world Health Organisation declared the 

R0 for SARS-CoV-2 as in the range of 1.4 – 2.5.19  However, a recent review showed that the 

mean R0 value for SARS-CoV-2 was 3.28, which is higher in comparison to other similar 

infections.6 The high virulence factor of SARS-CoV-2 poses a risk of infection transmission 

especially to health care workers undertaking diagnostic tests.  
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Although many of the currently used breath tests kits are single use (e.g. urea breath test, 

tests for small bowel intestinal overgrowth), reusable devices are still widely in use in low 

income countries. Whilst the mouthpieces and masks are disposable, the exhalation particle 

filter and a one-way valve are not. The filtration efficiency of these filters, varies with the size 

of the particles they come into contact with. The efficiency is less for particles in the range 

0.05 -0.5 microns.20 The performance of these filters in the setting of SARS-CoV-2 is unknown. 

Moreover, use of particulate filters before condensers are not recommended in EBC 

collection devices, as the volatile compounds can be affected by the filters.21 The reusable 

part of the device and the tubing are mostly made of plastic. After each use, these devices are 

usually decontaminated by using antimicrobial wipes. However, not all the areas are easily 

accessible or effective against viruses. As SARS-CoV-2 can survive on plastic surfaces for up to 

72 hours22, there is a sobering possibility that the use of plastic based reusable kits can play a 

role in the transmission of these highly contagious viruses.     

 

What is a safe approach in the current pandemic? 

Moving away from breath tests could be counterproductive as these diagnostic technologies 

are beneficial. Hence, mitigating the risks would be a logical way forward. This would entail 

adopting a model of preventive measures, within a multifaceted strategy (Figure 1). Patient 

selection is key and a negative swab for SARS-CoV-2 would enable departments to follow 

existing protocols. Conversely, if positive and clinically not feasible to postpone such testing, 

then adoption of enhanced decontamination techniques and the modification of the 

procedure room environment (e.g. negative pressure rooms and safe disposal of used 

samples in line with the local infectious waste disposal guidance) would considerably 
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minimise the non-human related risk of infection. It is noteworthy that disinfection should be 

carried out with extra caution (in line with the manufacturer’s accepted standards), as the 

residual disinfectants in the devices may alter the subsequent sample testing.  

Human mediated transmission can effectively be tackled by the adoption of standard 

infection control measures and the risk categorisation of patients undergoing those 

procedures. Administration of a simple questionnaire prior to these tests could be useful in 

risk categorisation. Personal protective measures with at least FFP3 or N95 masks should be 

used for those staff involved in the procedures for high risk patient categories. Equally, health 

education for both patients and health care workers would immensely help to alleviate the 

anxiety related to these procedures.  
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Figure 1:  An illustration showing the different aspects of the measures need to be adopted 

to minimise the transmission of breath test associated SARS-CoV-2.  The initial step is risk 

stratification of participants.  For a high-risk participant, enhanced risk minimisation 

measures, to include PPE for staff, device and environmental measures to reduce 

contamination as well as waste disposal to be implemented contemporaneously. 
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It is worth noting that if breath tests are to be used in a mass screening setting, these 

measures could potentially slow down the process significantly. Moreover, financial 

implications of providing PPE should be borne in mind. The use of disposable kits and devices 

would be an alternative approach but again adds to the cost. An alternative would be a 

centralised model, where disposable breath bags or single use ‘tenax’ tubes are collected at 

home and samples are either processed in  a central laboratory or using patients’ hand held 

devices – rather similar to that undertaken for diagnosing carbohydrate intolerance or  

bacterial overgrowth.23,24  Volatile diagnostic tests involving other types of body fluids (such 

as faeces) where there is concern of ‘faecal aerosol’ would also require careful consideration 

and the above recommendation in Figure 1 may help circumvent problems.  

As an additional perspective, we need to consider is how comfortable will participants be to 

undergo these tests in the future? It is therefore imperative that appropriate measures are 

put in place to protect and reassure participants. Participants should be informed about the 

small possibility of infection transmission and the measures taken to minimise this risk.  At 

present, it is not possible to quote a number as the level of risk for each device is unknown. 

The SARS-CoV-2 pandemic should not deter clinicians or participants from breath diagnostics, 

but rather strive to implement precautionary measures as outlined in Figure 1. Future 

guidelines on any breath test device will likely require added stringent data to support CE 

marking in particular safety against air borne viruses.  For now, it would appear that home 

testing using disposable aerosol kits, coupled with digital applications for diagnosis, is likely 

to be viewed as priority.   
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