
 

  

Hygiene Considerations for Spirometry: 
Best Practice in the New Regulatory Framework 

Synopsis 
Everyone performing spirometry 
testing knows that a new 
disposable noseclip and 
mouthpiece should be used for 
each new test subject, but 
enforcement of new and existing 
regulatory laws and recent 
litigation is changing what is 
considered best practice. 

Responsible manufacturers now 
recommend the use of a Bacterial-
Viral filter (BVF) for all spirometry 
testing, even in low-risk subjects 
such as those undergoing routine 
occupational health screening. 
Cardboard mouthpieces with or 
without valves are no longer 
considered safe for spirometer, 

screening or peak flow meter 
testing. If a BVF is not used, 
expensive decontamination 
procedures may be required 
between every test subject.  

What is the problem?  

For all medical devices used in 
procedures on more than one 
individual, there is a potential risk 
of the medical device becoming 
contaminated and passing on 
microbes from one person to the 
next. 

There are many ways to mitigate 
this risk: from sterile products to 
simple routine cleaning 
procedures, dependent on the 

degree of assessed risk. Both the 
manufacturer and the 
occupational healthcare facility 
need to conduct, action, document 
and keep under review their risk 
assessments covering every aspect 
of their facilities, including the 
risk of cross-contamination 
between people undergoing 
medical surveillance testing.  

The legal and regulatory 
impetus 

The extent of the looming 
problem was put into sharp focus 
when the U.S. Department of 
Justice fined Olympus Medical 
Systems $85 million after failing 
to file adverse event reports of 

serious infections linked to its 
duodenoscopes as required by the 
FDA. At the same time a former 
top Olympus regulatory executive 
faced up to one year in prison 
after being sentenced in March 
2019 by a Japanese court.  

The FDA regulates medical 
devices sold in the United States 
to ensure their safety and 
effectiveness. Medical devices 
range from tongue depressors to 
robotic surgical systems, all are 
regulated by FDA's Centre for 
Medical Devices and Radiological 
Health (CDRH). Federal 
regulations, particularly the Code 
of Federal Regulations Title 21, 
define requirements that must be 
fulfilled for CDRH to clear devices 
sold in the United States. 
Guidance notes are constantly 
being issued by the FDA to help 
manufacturers and healthcare 
facilities to keep within the law.  

Of course in the UK occupational 
health facilities may have little 
interest in US law, but the 
increasing harmonisation of 
regulations and legislation on a 
global basis means that changes 
and adverse events on one 
continent impact heavily on 
others. Also international 
manufacturers design, 
manufacture and distribute their 
products and services on a global 
basis, thus having to conform to 
local (country or state) laws and 
all international regulations 
applicable in their field.  

Whether originating in the US or 
Europe, all changes in regulation 
are currently moving forwards at a 
surprising pace, some countries 

unilaterally enforcing new 
regulations years ahead of their 
intended application date. The 
amount of new regulations and 
speed of their implementation 
makes it very difficult for the 
regulatory authorities such as the 
notified bodies in the EU to keep 
up. This makes certification and 
registration of new products 
almost impossible for 
manufacturers. The end result of 
this huge increase in red tape is 
the hampering of innovation and, 
of course, an increase in costs 
which are ultimately passed on to 
the consumers of the product.  

A hugely important and complex 
regulatory change in the EU is the 
new European Medical Devices 
Regulation (MDR) EU 2017/745 
which will apply legally from May 
26, 2020.  

This will supersede the Medical 
Device Directive (Council 
Directive 93/42/EEC of 14 June 
1993) intended to harmonise the 
laws relating to medical devices 
within the European Union. 
Products conforming must have 
the CE mark applied with the 
number relating to their notified 
body.  

The problem with 
disposable mouthpieces in 
flow-measuring type 
spirometers 

There are several types of 
disposable mouthpiece, including 
the simple cardboard tube (which 
hopefully no-one is using for 
spirometry today), a plastic or 
cardboard tube incorporating a 
one-way valve (SafeTway) and the 

Spirette mouthpiece (a disposable 
plastic tube used in ultrasonic 
spirometers).  

All have the same problem, the air 
from the spirometry test subject is 
expelled directly into the room, 
dispersing potentially 
contaminated droplets and 
aerosolised micro-organisms. The 
smaller the particles the wider 
that they are dispersed so small 
particles are more likely to be 
breathed in by the operator and 
anyone else in the room. 
Additionally, the smallest 
particles can float around in the 
room for many minutes before 
dropping onto the floor or other 
surfaces, meaning that the next 
test subject could be inhaling 
aerosolised particles from the last 
test subject.  

All of these problems are solved 
with the use of a BVF which is a 
highly efficient filter. The other 
good news is that nearly all 
spirometers, respiratory monitors 
and peak flow meters used in 
occupational health can either be 
fitted directly with a BVF or an 
adaptor can be provided for this 
purpose. 

Cleaning and hygiene of 
spirometers 

A spirometer is not designed or 
supplied as a ‘sterile’ device and it 
is certainly impractical to 
effectively decontaminate the 
interior 
surfaces of 
any 
spirometer 
between test 
subjects.  
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A new BVF is intended to be used 
for every subject which will 
prevent any possible cross 
contamination between subjects. 
Using a new BVF for each test 
subject provides protection for the 
device, the test subject and the 
user against cross contamination 
during spirometry manoeuvres. 
More on all three of these 
important aspects:  

• First, protecting the device. 
When a new BVF is used for 
each test subject, the part of 
the device containing the 
expired air pathway in a 
spirometer does not require 
decontamination because the 
filtrate material within the 
BVF traps and retains micro-
organisms, and the BVF is 
disposed of between test 
subjects.  

• Most importantly, protecting 
the test subjects and operators. 
Unprotected mouthpieces, 
immediate proximal surfaces, 
or aerosolised droplets within 
spirometry equipment could 
act as a vector for transmission 
of infectious agents. A new 
BVF prevents saliva and other 
body fluids transferring 
between test subjects and also 
prevents aerosolised droplets 
being inhaled by the subject or 
the person administering 
testing. The BVF barrier 
precludes contact with the 
inside tubing of the 
spirometer.  

• Cross-contamination is 
inhibited by the combination 
of the first two elements. The 

BVF prevents contamination of 
the spirometer and also 
protects the test subject from 
the device.  

The aerosolising effect of  
 an FVC manoeuvre  

Aerosolisation is the process or 
act of converting some physical 
substance into the form of 
particles small and light enough to 
be carried on the air i.e. into an 
aerosol. People can aerosolise 
droplets in their breath through 
their mouth and nose by sneezing, 
coughing or exhaling rapidly, 
which is exactly what happens in 
an FVC manoeuvre.  

Volume displacement spirometers 
do not have the same problems 
associated with aerosolisation of 
droplets during the FVC 
manoeuvre because they are 
closed systems, all the air expired 
by the test subject is trapped in 
the spirometer and used to make 
direct measurements of volume. 
The problems have arisen with 
flow-sensing spirometers which 
now account for the majority of 
spirometers used in occupational 
health. The expired air passes 
through the flowhead, and can 
carry aerosolised droplets into and 
through the measuring system and 
into the ambient air beyond it, 
particularly in ‘straight-through’ 

measuring systems such as 
‘turbine’ and ultrasonic flow 
detection systems. Researchers 
started to investigate this several 
years ago, but the importance and 
significance of these aerosolised 
droplets in the transmission of 
disease has increasingly been 
recognised.  

Subjects performing pulmonary 
function tests may generate flows 
(peak expiratory flows) as high as 
12 L·s-1 (720 L·min-1). Droplets 
with the potential for infection 
may be expelled during these 
forced expirations, which could 
contaminate the pulmonary 
function equipment.  A 
subsequent patient carrying out 
the same manoeuvre on this 
equipment could inhale these 
infectious droplets if there is even 
a slight amount of inhalation 
during testing. Very few bacteria 
are required to facilitate the 
infectious process of some 
diseases, such as tuberculosis, and 
therefore the potential risk of 
cross-infection using this 
particular type of equipment may 
be comparatively high. Not only 
can the droplets still reside in the 
equipment, but may have been 
expelled beyond the equipment to 
the operator and anywhere in the 
room in which the testing is 
conducted. 

Infectious disease 
transmission  

By convention infectious disease 
transmission is classified into 
three routes: contact, droplet and 
airborne. Infection control 
procedures and the use of 

procedures and the use of 
personal protective equipment are 
different for each route. 

1. Contact transmission may be 
direct or indirect. In direct 
contact, the pathogen is 
transferred from an infectious 
person to a susceptible person 
directly, whereas in indirect 
contact the pathogen moves to 
the susceptible person by way 
of another object, like the 
contaminated surface of a 
device or table top. Airborne 
droplets can settle on surfaces 
from where they can be 
touched and carried on hands 
leading to further self-
inoculation routes of 

transmission.  

2. Droplet transmission is a form 
of direct contact involving 
droplets emitted from the 
respiratory tract of an 
infectious person, generally 
considered to be larger than 5 
micron (μm) in diameter, that 
travel directly to the facial 
mucosa of a susceptible 
person—that is, the droplets 
are propelled a short distance 
from an infectious source by 

cough, spit or other forced 
expiration.  

Aerosolised droplets are 
generated by the person on the 
left, the next (close by) person 
receives droplet spray on skin 
and may inhale particles. The 
third person in the room, who is 
further away, is not exposed to 
the droplets. 

3. Airborne transmission is 
defined as resulting from the 
inhalation of small particles, 
often termed droplet nuclei and 
considered to have diameters of 
5 micron or less. Importantly, 
the description offered by the 
Healthcare Infection Control 
Practices Advisory Committee 
implies that susceptible people 
become infected through 
airborne transmission only 

when at some, relatively long, 
distance from the infectious 
source.   

The aerosol is dispersed and 
many larger particles have 
dropped to the floor. But the 
wider dispersion means that all 
people in the room are likely to 
inhale the infective particles.  

 
A key limitation in the definitions 
of airborne and droplet 

transmission routes arises from 
the characteristics of particle size 
and distance from the source. 
Small particles are inhaled by a 
susceptible person some distance 
from the source (airborne 
transmission), whereas large 
particles project onto the facial 
mucosa of a susceptible person 
proximal to the source (droplet 
transmission). Aerosols are 
generated from the respiratory 
tract by talking, cough, sneeze and 
similar activities. They have been 
demonstrated to contain droplets, 
micro- and nano- sized particles. 

Some bacterial and viral infections 
have more than one mode of 
transmission. The severity of the 
transmitted disease can vary 
depending on the mode of 
transmission e.g. anthrax, plague 
and smallpox. This may also be 
the case for influenza, with 
transmission by aerosols being 
associated with a more severe 
illness.  

What are the risks in an 
occupational health 
setting?  

When a new BVF is used for each 
subject, the interior of a 
professional spirometer does not 
require decontamination because 
the risks of contamination of the 
device, operator and the 
environment are negligible. When 
used according to the 
manufacturer’s recommendations, 
spirometers, peak flow meters and 
respiratory monitors are 
considered non-critical or low risk 
with regard to infection control.  
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Infectious agents can be 
transmitted by direct or indirect 
contact via the mucous 
membranes of the mouth or hands 
onto the surfaces of the 
equipment. Appropriate infection 
control measures for external 
surfaces will be dependent upon 
local requirements and user risk 
assessment but decontamination, 
where required, may be achieved 
by manual cleaning and low level 
disinfection. Typically this will be 
to clean surfaces with a 70% 
isopropyl alcohol impregnated 
cloth to remove any visible soiling 
and for low level disinfection. 

Spirometry devices used with a 
new BVF for each subject are low 
risk requiring non critical 
infection control measures 
because contact with the device is 
by intact skin only where the 
subject holds the outer surface of 
the device. Surfaces inside the 
spirometer do not require 
decontamination because filter 
material within the BVF provides 
an effective two way barrier to 
microbial contamination.  

The possibility exists, of course, 
that medical devices become 
contaminated through human 
error, use other than as intended 
or other accidental 
contamination. If a user suspects 
that the flowhead or the whole 

device has become contaminated 
or where user risk assessment 
identifies a need for higher level of 
decontamination, further action 
should be taken. Decontamination 
guidelines for spirometers, peak 
flow meters and respiratory 
monitors may be found on the 
manufacturer website. 

If a spirometry device is used 
without a BVF (e.g. using a 
cardboard mouthpiece with a 
valve) it becomes medium-risk 
because the surfaces inside the 
spirometer may be contaminated, 
as may external surfaces of the 
mouthpiece if they have been in 
contact with mucous membranes 
of the mouth. The spirometer 
should then be treated as semi-
critical with regard to infection 
control measures and reprocessed 
(decontaminated) between every 
subject. Cleaning, followed by 
high-level disinfection, is 
appropriate for infection control.   

Inspection of the 
spirometer device  

There should be regular 
inspection of any medical or 
measuring device used in the 
occupational health facility. This 
may be done by trained operators 
or this service may be provided by 
the manufacturer, for example as 
part of the annual planned 
preventive maintenance. For flow 
measuring spirometers the key 
element is the flowhead.  

An accuracy check should be 
carried out daily and following 
cleaning and reassembly as 
recommended in the ATS/ERS 

2005 guidelines, regardless of the 
flow measurement technology 
used.  

The importance of early 
detection and surveillance 
of respiratory diseases 

The rationale for surveillance of 
occupational respiratory diseases 
is prevention. Prevention aims, 
ideally, to eliminate or reduce 
exposure to occupational risks to 
avoid any subsequent disease 
onset (primary prevention) and, 
when not possible, to detect any 
disease at a pre-clinical stage to 
reduce its severity and progression 
(secondary prevention). Finally, 
interventions to support and 
manage workers who have already 
developed a disease (e.g. physical 
rehabilitation or redeployment) 
aim to avoid disease 
complications and socioeconomic 
costs (tertiary prevention).  

The overall goal is to reduce the 
incidence of work-related 
diseases, to minimise the 
consequences of the disease in 
already affected workers, and to 
support participation and 
continuity in work. In the ageing 
workforce of today, medical 
surveillance is increasingly 
relevant and should be regarded as 
good occupational health 
practice.  

Most surveillance programmes are 
nowadays concerned with 
occupational asthma. Favourable 
effects have been reported on 
health outcome parameters, 
disability and socioeconomic 
costs. In workers with 

occupational asthma, removal 
from exposure improved asthma 
symptoms and lung function 
compared with continued 
exposure, but also increased the 
risk of job loss. A good 
intervention strategy in the 
prevention and management of 
occupational asthma is vital.  

Concerning workplace asthma 
agents, in a recent asthma-specific 
job exposure assessment, nearly 
half (399 of the 840) of the 
detailed occupations have 
probable exposure to at least one 
asthma agent. New technologies 
could provide new occasions for 
asthma-related occupational 
exposures. We know that 3-D 
printing, a rapidly expanding 
technology used in dispersed 
locations does not necessarily 
have adequate exposure controls. 
Laser and 3-D printing devices can 
generate ultrafine particles, and 
their feed materials can include 
polymers (e.g. acrylonitrile 
butadiene styrene) and metals 
(e.g. cobalt) that are known or 
suspected causes of asthma.  

Conclusion 

Spirometry screening plays a 
crucial role in the early detection 
of occupational lung diseases.  

Cases of cross infection acquired 
from the pulmonary function test 

equipment, although rare, have 
been reported from various 
countries. It is therefore 
imperative to identify the risks 
and potential organisms 
implicated in cross infections in 
your facility and implement 
effective infection control 
procedures to help in preventing 
cross infections and the possibility 
of litigation. Use of a BVF is a 
simple and very effective part of 
the risk mitigation.  

Serial peak flow meter 
measurements and the use of 
respiratory monitors in the 
workplace and at workers’ homes 
is not uncommon in the detection 
of occupational asthma. Such 
devices should be used only for 
one test subject, or cleaned and 
disinfected between subjects if a 
BVF is not used. 

Bernard Garbe 
Chairman, Vitalograph 
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