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As the COVID-19 pandemic evolves, filtration of mechanical ventilation, such as used in intensive care and 
anesthesia settings, has become an essential factor in infection control. Although face mask respirators are 
subject to internationally recognized standards and testing based on MPPS measures, filters in breathing 
circuits are not. As of the beginning of May 2020, no data exist examining the efficacy of breathing circuit 
filters in preventing SARS-CoV-2 transmission to patients or healthcare workers. 

In the meantime, we want to convey information in this letter about filter design, function, efficacy and 
duration of use in clinical applications, including when filter conservation is necessary due to supply 
shortages. In sending you this letter, Vyaire is not seeking to promote, endorse or advise the off-label use 
of its products. However, we recognize the unusual and acute circumstances created by the COVID-19 
pandemic and the needs of health care professionals to consider modifications to standard clinical practices 
in an effort to address the needs of patients with respiratory exacerbations. 

IMPORTANT: The information presented here is based on the current understanding of the potential risks and 
functionality of the filtration in mechanical ventilation systems based on a literature review. The selection 
and use of filters must first be reviewed and evaluated by each facility’s medical and administrative staff, in 
consultation with manufacturers’ instructions for use with its respective machinery, before implementation. As 
care for patients diagnosed with COVID-19 evolves, Vyaire will update information on our web site, so please 
bookmark it for easy access: US: www.vyaire.com/Covid-19; International: intl.vyaire.com/Covid-19.

Filter Function
Filters in mechanical breathing systems are designed to capture pathogens and particles that range from 0.1 
µm to larger than 10 µm. A SARS-CoV-2 virion is between 0.06 to 0.14 µm in diameter,1 while one of hepatitis C 
is 0.03 µm; a Staphylococcus aureus bacterium, 1.0 µm; and a red blood cell, 5.0 µm.2

Respiratory transmissions of pathogens occur via carrier particles, classified as either a droplet or an aerosol. 
Respiratory droplets are particles sized larger than 5 to 10 µm in diameter,3,4 and aerosols are particles sized 
smaller than 5 µm.5 Filters capture particles larger than 1.0 µm via inertial impact and interception, and 
particles ranging from 0.1 to 1.0 µm via diffusion. 

However, the combined effects of interception, inertia and diffusion have the least ability to efficiently 
capture particles sized 0.3 µm, well within the range of aerosols.Subsequently, 0.3 µm is a demarcation 
for filtration and is referred to as the most penetrating particle size (MPPS) for its ability to slip through the 
individual fibers in a filter without capture.6

The percentage of particles that fail to pass entirely through a filter defines its efficiency. The fewer particles 
that pass, the higher the efficiency. For example, if an airflow directs 1,000 particles to a filter and only five 
particles pass, the filter’s efficiency is 99.5 percent. 
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Filter Testing
Manufactures frequently use two current efficiency test methods to evaluate filters. The methods are similar  
and address different sized particles.

•	� ASTM (3.0 µm): The Bacterial Filtration Efficiency (BFE) and Viral Filtration Efficiency (VFE) tests compare 
bacterial counts of Staphylococcus aureus aerosols or viral counts as the challenge organisms delivered 
at a constant airflow rate against a filter.7

	 •	� Droplets are aerosolized to have a mean particle size (MPS) of 3.0 ± 0.3 µm. Each particle contains 1,700 to 
3,000 colony-forming units (CFU) Staphylococcus aureus or 1,100 to 3,300 plaque-forming units (PFU) of a 
test virus. This particle size challenge permits reported filtration efficiencies up to more than 99.9 percent. 

	 •	� BRE and VFE may use higher concentrations of bacteria or viruses, equal to or greater than 1 x106 CFU  
or 1×106 PFU, which permit claims of efficiency measurements up to more than 99.9999 percent.

	 •	� A limitation with these methods is the challenge only tests one particle size, regardless of pathogen 
load. That particle size is not only 10 times larger than MPPS but also is 1,000 times greater in mass, 
easily subject to inertial impact filtration. While such tests consequently can assert significant 
efficiencies, such generalized claims may overestimate the filter function against far smaller particles 
and pathogens.8,9

•	� ISO 23328-1:2003 (0.3 µm): The ISO test uses as a challenge an aerosol of “short-term airborne sodium 
chloride” particles with a median diameter of 0.3 µm, much closer to the size of actual virions. After 
aerosolization but prior to filtration, the particles pass through a neutralizer to reduce any electrostatic 
charges. The test also uses a new filter and one that was humidified for 24 hours or for longer, depending 
on the filter’s duration of use as defined by the manufacturer. The test also counts MPPS at the start and 
after the filter’s duration of use.10

HEPA and B/V Filters
HEPA (high-efficiency particle air) specifically refers to the efficiency of capturing particles with a MPPS 
diameter size of 0.3 µm.11 Bacterial and viral (B/V) filters are defined by their ability to filter particles with a 
diameter size of 3.0 µm. No international standard requires a specific HEPA filtration efficiency for filters on 
breathing circuits. 

However, the Centers for Disease Control and Prevention recommends filters with a 95 percent or greater 
efficiency for MPPS particles of 0.3 µm (i.e., ISO testing method) in both the unloaded and loaded states at 
the ventilator’s maximum flow rate.12 To prevent transmission of the SARS virus, B/V filters with 99.97 percent 
ATSM efficiency are recommended.13 

Testing vs Clinical Experience
In testing, efficacy ratings of 99.9999 percent for a HEPA or B/V filter are better than ratings of 99.97 percent. 
However, in clinical settings, the efficacy of filtration can differ from that anticipated by performance in 
controlled lab tests. 

Clinical reports have been equivocal as to whether the decrease in bacterial and viral contamination due 
to filtration of breathing circuits results in decreases of infections, such as post-operative infections or 
ventilator-associated pneumonia (VAP).14,15,16 
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Filter Use Best Practices
For more than 24 hour use:
Investigations of heat and moisture exchangers (HME) filters in breathing circuits have found that continuous 
use in an intensive care setting for three days, in comparison to 24 hours, did not diminish filter efficacy, nor 
increase bacterial colonization or hospital-acquired pneumonia.17 Additional studies have documented HME 
filters used continuously retained efficacy for seven days of patient care.18,19,20,21

The use of HME filters in breathing circuits for more than 24 hours is off-label and 
increases the following risks:
	 •	� Occlusion risk: Tracheal secretions or circuit condensation can both contribute to an HME filter reaching 

its maximum moisture saturation, creating notable air resistance to a ventilator circuit. When saturated, 
an HME filter can resist “both inspiration and expiration presenting as high peak airway pressures and 
incomplete exhalation.”22 If occlusion is suspected, immediately replace the filter.

	 •	� EtCO2 Risk: HME filters extend the dead space of the breathing circuit, which can create the risk of the 
patient rebreathing CO2.

23 It is important to continuously monitor EtCO2 and compare it to the patient’s 
PaCO2 from an arterial blood gas (ABG). 

Filter placement 
Ideally, two filters should be used and changed with every patient use:24,25 

	 1.	� Expiratory filter: placed between the machine and the expiratory limb of the ventilator circuit. 

	 2.	� Patient filter: placed between the Wye connector of the circuit and the patient. 

Placing filters at these two locations protects against contamination of the circuit as well as the machine.

Conserving filters and circuits
If filters or circuits or both are in short supply and need to be reused, recommended placement and duration are:26

	 •	� Expiratory filter. This location has been left in place for up to seven days and maintained the same 
efficacy and prevention of cross-contamination if the patient filter is replaced when the patient 
changes.27,28,29,30

	 •	� Patient filter. The patient side of the filter contains particles the patient exhaled, including virus, if 
present. This filter must be changed for each patient to prevent cross-contamination.31,32

	 •	� Filter saturation. Both filters should be discarded if they become saturated to avoid increased 
resistance and occlusion.

Are filters effective against SARS-CoV-2?
As of the beginning of May 2020, no data exist examining the efficacy of breathing circuit filters in preventing 
SARS-CoV-2 transmission to patients or healthcare workers. Such an evaluation would require using live virus, 
and has yet to be concluded. 

If you have any additional questions, please reach out to your local Vyaire representative.

As a world leader in respiratory care, we take our critical role in the response to this global health crisis 
seriously. At Vyaire, our goal is to meet the demand as best we can and ensure our customers have the 
products they need. We are truly proud to partner with you on the frontlines of the COVID-19 global health 
crisis. The work you are doing is improving outcomes for patients around the world.



4

R E F ER ENC ES

1.	  �Zhou D, et al. Emerging Understanding of Etiology and Epidemiology of the Novel Coronavirus (COVID-19) infection in 
Wuhan, China. Preprints 2020, 2020020283 (doi: 10.20944/preprints202002.0283.v1). Accessed at https://www.preprints.
org/manuscript/202002.0283/v1. 

2.	  �Lawes E. Hidden hazards and dangers associated with the use of HME/filters in breathing circuits. Their effect on toxic 
metabolite production, pulse oximetry and airway resistance. British Journal of Anaesthesia. 2003 91 (2): 249-64. doi: 
10.1093/bja/aeg154. Access at https://academic.oup.com/bja/article/91/2/249/371138.

3.	  �World Health Organization. Infection prevention and control of epidemic- and pandemic-prone acute respiratory 
infections in health care. Geneva: World Health Organization; 2014 Available from: https://apps.who.int/iris/bitstream/
handle/10665/112656/9789241507134_eng.pdf?sequence=1.

4.	  �Elias B and Bar-Yam Y. Could Air Filtration Reduce COVID-19 Severity and Spread?. New England Complex Systems 
Institute. March 9, 2020. Accessed at https://necsi.edu/could-air-filtration-reduce-covid19-severity-and-spread.

5.	  �World Health Organization. Infection prevention and control of epidemic- and pandemic-prone acute respiratory 
infections in health care. 

6.	  �First M. HEPA Filters. Journal of the American Biological Safety Association. 1998 3(1):33-42. Accessed at https://journals.
sagepub.com/doi/pdf/10.1177/109135059800300111.

7.	  �Nelson Labs. Bacterial & Viral Filtration Efficiency (BFE/VFE). 2019. Accessed May 2, 2020 at https://www.nelsonlabs.com/
testing/bacterial-viral-filtration-efficiency-bfe-vfe/.

8.	  �Thiessen RJ. Filtration of respired gases: theoretical aspects. Respir Care Clin N Am. 2006 Jun;12(2):183-201. doi: 10.1016/j.
rcc.2006.03.001. Accessed at https://pubmed.ncbi.nlm.nih.gov/16828690/.

9.	  �Demers R. Bacterial/viral fi ltration: let the breather beware! Chest. 2001 Oct;120(4):1377-89. doi: 10.1378/chest.120.4.1377. 
Accessed at https://pubmed.ncbi.nlm.nih.gov/11591584/.

10.	 �International Organization for Standardization. Breathing system filters for anaesthetic and respiratory use — Part 1: 
Salt test method to assess filtration performance. ISO 23328-1:2003. Revised 2014. Accessed at https://www.iso.org/
standard/35330.html.

11.	  �U.S. Environmental Protection Agency. What is a HEPA Filter? April 3, 2019. Accessed at https://www.epa.gov/indoor-air-
quality-iaq/what-hepa-filter-1.

12.	 �Centers for Disease Control and Prevention. Guidelines for preventing the transmission of Mycobacterium tuberculosis in 
health-care settings, 2005. Morbidity and Mortality Weekly Report 2005; 54(RR-17): 1–141. Accessed at https://www.cdc.
gov/mmwr/preview/mmwrhtml/rr5417a1.htm.

13.	  ��Thiessen.

14.	 ��Wilkes AR. Heat and moisture exchangers and breathing system filters: their use in anaesthesia and intensive care. Part 
1 – history, principles and efficiency. Anaesthesia, 2011, 66, pages 31–39. doi:10.1111/j.1365-2044.2010.06563. Accessed at 
https://pubmed.ncbi.nlm.nih.gov/21106035//.

15.	 ��Lawes.

16.	  ��Wilkes AR. Heat and moisture exchangers and breathing system filters: their use in anaesthesia and intensive care. Part 
2 - practical use, including problems, and their use with paediatric patients. Anaesthesia. 2011 Jan;66(1):40-51. doi: 
10.1111/j.1365-2044.2010.06564.x. Epub 2010 Nov 30. doi: 10.1111/j.1365-2044.2010.06564.x. Accessed at https://pubmed.
ncbi.nlm.nih.gov/21118189/.

17.	  ��Davis K, et al. Prolonged use of heat and moisture exchangers does not affect device efficiency or frequency rate of 
nosocomial pneumonia. Crit Care Med Crit Care Med. 2000 May;28(5):1412-8. doi: 10.1097/00003246-200005000-00026. 
Accessed at https://pubmed.ncbi.nlm.nih.gov/10834688/.

18.	 ��Ricard JD, et al. Efficiency and safety of mechanical ventilation with a heat and moisture exchanger changed only once 
a week. Am J Respir Crit Care Med Am J Respir Crit Care Med. 2000 Jan;161(1):104-9. doi: 10.1164/ajrccm.161.1.9902062. 
Accessed at https://pubmed.ncbi.nlm.nih.gov/10619805/.

19.	  ���Han JN, et al. Effects of decreasing the frequency of ventilator circuit changes to every 7 days on the rate of ventilator-
associated pneumonia in a Beijing hospital. Resp Care Respir Care. 2001 Sep;46(9):891-6. PMID: 11513760. Accessed at 
https://pubmed.ncbi.nlm.nih.gov/11513760/.

20.	 ��Hübner NO, et al. Microbiological safety and cost-effectiveness of weekly breathing circuit changes in combination 
with heat moisture exchange filters: a prospective longitudinal clinical survey. GMS Krankenhhyg Interdiszip. 2011; 6(1): 
Doc15. Published online 2011 Dec 15. doi: 10.3205/dgkh000172. Accessed at https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3252668/.

21.	 ��Kramer A, et al. Infection prevention during anaesthesia ventilation by the use of breathing system filters (BSF): Joint 
recommendation by German Society of Hospital Hygiene (DGKH) and German Society for Anaesthesiology and Intensive 
Care (DGAI). GMS Krankenhhyg Interdiszip. 2010 Sep 21;5(2). pii: Doc13. doi: 10.3205/dgkh000156. Accessed at https://
pubmed.ncbi.nlm.nih.gov/20941333/.

22.	 ��Prasad S, Gaude Y. HME filters: A boon or bane? Ind J Resp Care 2016; 5(2): ): 745-48. Accessed at http://www.ijrconline.
org/article.asp?issn=2277-9019;year=2016;volume=5;issue=2;spage=745;epage=748;aulast=Prasad;type=0.

23.	 ��Lawes.

https://www.preprints.org/manuscript/202002.0283/v1
https://www.preprints.org/manuscript/202002.0283/v1
https://academic.oup.com/bja/article/91/2/249/371138
https://apps.who.int/iris/bitstream/handle/10665/112656/9789241507134_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112656/9789241507134_eng.pdf?sequence=1
Accessed at https://necsi.edu/could-air-filtration-reduce-covid19-severity-and-spread
https://journals.sagepub.com/doi/pdf/10.1177/109135059800300111
https://journals.sagepub.com/doi/pdf/10.1177/109135059800300111
https://www.nelsonlabs.com/testing/bacterial-viral-filtration-efficiency-bfe-vfe/
https://www.nelsonlabs.com/testing/bacterial-viral-filtration-efficiency-bfe-vfe/
https://pubmed.ncbi.nlm.nih.gov/16828690/
https://pubmed.ncbi.nlm.nih.gov/11591584/
https://www.iso.org/standard/35330.html
https://www.iso.org/standard/35330.html
https://www.epa.gov/indoor-air-quality-iaq/what-hepa-filter-1
https://www.epa.gov/indoor-air-quality-iaq/what-hepa-filter-1
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5417a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5417a1.htm
https://pubmed.ncbi.nlm.nih.gov/21106035//
https://pubmed.ncbi.nlm.nih.gov/21118189/
https://pubmed.ncbi.nlm.nih.gov/21118189/
https://pubmed.ncbi.nlm.nih.gov/10834688/
https://pubmed.ncbi.nlm.nih.gov/10619805/
https://pubmed.ncbi.nlm.nih.gov/11513760/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3252668/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3252668/
https://pubmed.ncbi.nlm.nih.gov/20941333/
https://pubmed.ncbi.nlm.nih.gov/20941333/
http://www.ijrconline.org/article.asp?issn=2277-9019;year=2016;volume=5;issue=2;spage=745;epage=748;aulast=Prasad;type=0
http://www.ijrconline.org/article.asp?issn=2277-9019;year=2016;volume=5;issue=2;spage=745;epage=748;aulast=Prasad;type=0


5

vyaire.com

All content and referenced material of this document is for informational purposes only
and are not intended to serve as a substitute for the consultation, diagnosis, and/or
medical treatment by a qual if ied physician or healthcare provider. 
For global distribution.
© 2020 Vyaire. Vyaire, the Vyaire logo and al l other trademarks or registered trademarks 
are property of Vyaire Medical, Inc., or one of its af f i l iates. VYR-GBL-2000286

G L O B A L  H E A D Q U A R T E R S

Vyai re  Medica l ,  Inc.
26125  Nor th  R iverwoods  B lvd
Mettawa,  I L  60045
USA

24.	 ��Anesthesia Patient Safety Foundation. COVID-19 and Anesthesia FAQ. April 20,2020. Accessed at https://www.apsf.org/
covid-19-and-anesthesia-faq/#anesthesiamachines.

25.	 ��Lorente L. Respiratory Filters and 20 Ventilator-Associated Pneumonia: Composition, Efficacy Tests and Advantages 
and Disadvantages. Humidification in the Intensive Care Unit. 2011 May 25 : 171–177. Published online 2011 May 25. doi: 
10.1007/978-3-642-02974-5_20. Accessed at https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7124111/.

26.	 ��Anesthesia Patient Safety Foundation. 

27.	  ��Ricard.

28.	 ��Han.

29.	 ��Hübner.

30.	 ��Kramer.

31.	 ��Anesthesia Patient Safety Foundation.

32.	 ��Lorente. 

https://www.apsf.org/covid-19-and-anesthesia-faq/#anesthesiamachines
https://www.apsf.org/covid-19-and-anesthesia-faq/#anesthesiamachines
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7124111/

