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ABSTRACT: As part of the consensus workshop regarding lung volume mea-
surements for the American Thoracic Society and European Respiratory Society,
this background paper reviews mechanisms and risks of cross-infection resultant
from performing measurements of absolute lung volumes either by body plethys-
mography, gas dilution, or gas wash-out techniques. Published reports of infection
attributable to the performance of lung volume measurements are extremely rare.
Nevertheless, because some infectious agents could be transmitted during mea-
surements of lung volumes, and because of widespread concerns both of patients
and some medical personnel about the risks of transmission of infections during
inspiration from equipment used by other patients, a variety of measures have
been advocated to minimize the risks of cross-infection. 

Workshop participants were divided in opinion about whether such testing does
indeed pose significant risk of cross-infection, and also could not agree regarding
optimal measures to prevent cross-infection. Although there is conflicting infor-
mation regarding the efficacy of particulate filters for protecting cross-contami-
nation of downstream equipment and tubing, the author recommends that such
filters be used when making lung volume measurements, but only if the filter has
acceptably low resistance (e.g. <0.15 kPa·L-1·s (1.5 cmH2O·L-1·s)), and the mea-
surements are adjusted for the impact of the added resistance and dead space.
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Although the devastating consequences of acquired
immune deficiency syndrome (AIDS) as an outcome of
infection with human immunodeficiency virus (HIV) have
clearly been responsible for most of the current anxiety
regarding the transmission of communicable diseases
from pulmonary function testing, there are a number of
diseases which are much more likely to be transmittable
as a result of pulmonary function testing (e.g. hepatitis
B, tuberculosis, and varicella). It is the possibility of
nosocomial transmission of these diseases, rather than
AIDS, which should drive our efforts regarding the iden-
tification and implementation of optimal hygienic mea-
sures for pulmonary function testing.

Key factors which determine the communicability of
diseases include: the sources of the organisms in patients
(e.g. blood, saliva, faeces); the infective dose; the viability
of the organism; routes of infectivity; and the suscepti-
bility of potential hosts. The distinction between trans-
mission of disease and transmission of disease vectors is
important, and relates to the infective dose required to
cause disease. Infective doses, however, are often quite
variable between different subjects, and depend heavily
upon the clinical condition and immune status of the pot-
ential recipients. For organisms such as HIV or hepatitis
B, which can cause potentially fatal diseases, research
regarding infective doses is difficult, especially when there
are large interspecies differences in disease susceptibility
or limited animal models available. The issue of infec-
tive dose is also complicated by other factors, including
the size of droplets in aerosols likely to be encountered

during pulmonary function testing; the minimal infec-
tious dose is less if contained within droplets of a size
carried to airways beyond the ciliated epithelium [1].

There is no epidemiological evidence that HIV is trans-
mitted from saliva or expired gases [2]. There is no clin-
ical evidence that HIV can be transmitted via respiratory
expirates. The very few cases of suspected transmission
of HIV between dentists, paradental personnel and pati-
ents are considered most likely to have been secondary
to transmission via blood rather than saliva [2–4]. We
would expect reports of AIDS in kitchen employees and
close patient contacts if saliva itself were a transmitter
of HIV virus. The very low prevalence of HIV posi-
tivity in dental professionals without risk factors [3], as
well as epidemiological evidence from close household
contacts [2], strongly suggests that transmission of HIV
via saliva is very unlikely to occur. However, fragments
of HIV virus have been isolated from human saliva [5],
so the possibility of transmission via saliva cannot be
excluded with 100% certainty.

The mortality rate for all forms (A, B, Non-A/non-B
or C and D) of acute hepatitis is approximately 1%.
However, in patients with hepatitis B, about 3–5% of
acute infections progress to chronic active hepatitis; and
for non-A/non-B hepatitis, about 50–60% of patients
progress to chronic active hepatitis, with cirrhosis in
20%. It has been estimated that in the USA there are cur-
rently at least 30 times more deaths annually in health-
care workers due to occupationally acquired hepatitis B
than to AIDS.
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The prevalence of asymptomatic hepatitis B virus
(HBV) carriers in the USA is about 0.2%, much lower
than non-A, non-B hepatitis (~3%), but 20–30 times
higher than HIV. Hepatitis B is transmitted by a vari-
ety of routes. In acute hepatitis, there are high concen-
trations of viral antigens in the blood and a relatively
high (12–17%) risk of transmission of hepatitis B from
accidental needle sticks. It is generally considered that
saliva may be a route for transmission of hepatitis B,
because HBV antigen has been identified in saliva and
because saliva from patients with hepatitis B has been
shown to cause disease in animals when injected per-
cutaneously. However, oral ingestion of the virus can
cause hepatitis only if the viral doses are high. There is
no epidemiological or clinical evidence that HBV is
transmitted from expired respiratory gases.

The transmission of rhinovirus is generally [6], but
not always [7], considered to result from deposition of
the virus on surfaces during respiratory manoeuvres, such
as sneezing or coughing, and subsequent transmission to
the recipient by inadvertent hand-to-nose manoeuvres.
However, there is also convincing experimental evid-
ence of aerosol transmission [7] between individuals in
relatively close proximity, as well as reports of infec-
tions attributed to suboptimal ventilation systems in aero-
planes [8] or prisons [9].

Other pathogenic viruses, which may be excreted in
respiratory tract secretions and which may cause dis-
ease when exposed to the respiratory tract mucosa of
potential recipients, include: respiratory syncytial virus
[10], varicella zoster (chicken pox), and measles [11].

There is no evidence that excretion of tubercle bacillus
from salivary glands occurs in normal cases of tuber-
culosis. However, tuberculosis is clearly a communica-
ble disease from transmission of organisms suspended
in droplets, such as may be generated during coughing
(or possibly as a result of forced vigorous expirations)
in patients with pulmonary tuberculosis [12, 13]. Suspen-
sions of droplets containing tubercle bacillus can remain
infectious for hours, if the droplets are of sufficiently
small size and the dose inhaled exceeds the critical dose
required to cause disease. The increasing prevalence of
multidrug-resistant tuberculosis infections has increased
concern about cross-infection of these organisms.

In addition to the potential risk of cross-infection origi-
nating from the testing of patients with recognized patho-
gens, organisms which frequently reside in respiratory
tracts of healthy children and adults (e.g. Haemophilus
influenzae, Branhamella catarrhalis, Pseudomonas aerug-
inosa) may be of special concern to immunosuppressed
patients, as is the case for pathogens transmitted between
susceptible patients (e.g. Pseudomonas cepacia, a bacter-
ium which has been reported as a contaminant of spiro-
meters [14], and which is particularly pathogenic in
patients with cystic fibrosis).

GOLD and SCHWESINGER [15] noted that, up to 1980,
the Center for Communicable Disease (CDC) had receiv-
ed no reports of nosocomial transmission of disease from
pulmonary function testing. Nevertheless, this does not
negate the possibility that such transmission could occur.
HAZALEUS et al. [12] reported one case of skin test con-
version attributed to spirometric testing on an instru-
ment previously used on a patient with active tuberculosis.
RUTALA et al. [16] reported bacterial contamination of

pulmonary function equipment during testing, and noted
bacterial contamination on 92% of mouthpieces, 50% of
proximal tubing, and 0% from samples taken within a
volume displacement spirometer connected to the mouth-
piece and tubing (of unspecified length). Their results
were similar to those reported by DEPLEDGE and BARRETT

[17]. These data suggest that disinfection of mouthpieces
and tubing between testing of patients may suffice for
control of disease transmission from pulmonary func-
tion testing.

Prevention of nosocomial transmission of pathogens
from equipment used for measuring lung volumes can,
theoretically, be accomplished by a number of different
approaches: all of the equipment surfaces in contact with
the expired gases can be disinfected after testing of each
patient; only disposable equipment can be used; or a fil-
ter effective in entrapping pathogens can be placed
between the patient and the equipment. Each of these
approaches has been advocated and each has significant
limitations.

Disinfection of all equipment surfaces exposed to the
expirate is difficult for some components (e.g. pressure
transducers and shutters in plethysmographs, valves, gas
analysers) used to measure lung volumes. It is generally
not considered economically feasible to perform such
disinfection between patients unless it is limited to those
components closest to the patient (i.e. mouthpieces and
tubing). Disposable systems, using principally bag-in-
the-box measurements, are feasible for spirometry and
rebreathing types of gas dilution techniques [17, 18], but
are less feasible for whole-body plethysmography. In addi-
tion, this approach may entail significant variations from
conventional testing methodology, requiring: replace-
ment of existing equipment; the expense of retraining
technical staff; and, possibly, technique-specific pred-
ictive values and changes in the clinical interpretation
of test results.

The appropriate placement of filters with 100% effec-
tiveness for trapping pathogenic organisms (both viruses
and bacteria) from expirates during pulmonary function
testing would appear to be the most practical method
for eliminating transmission of pathogenic organisms
between patients. The feasibility of this approach is,
however, limited by problems in achieving 100% fil-
tration rates for particles of viral size (e.g. 0.017 µm
diameter) without increasing the resistance and/or dead
space of the testing circuit to levels that will interfere
with testing. Alternatively, less than 100% efficacy can
be tolerated if the transmission rate is below the infec-
tive dose necessary to cause disease. Some increase in
instrument resistance and dead space can be tolerated if
appropriate adjustments are made in the calculations that
depend on these variables. Although larger increases in
resistance and dead space can, theoretically, be corrected
for mathematically, these alterations may cause physio-
logical changes in respiration, which may invalidate the
results or require that we redefine the limits of normality
and disease severity.

Publications regarding the effects on the results of
lung volume measurements from using filters during the
testing are relatively few. GUIMOND and GIBSON [19]
noted resistances of filters ranging 0.02–0.54 kPa·L-1·s
(0.22–5.35 cmH2O·L-1·s) at a flow of 8 L·s-1, when six
filters were compared. When moistened from 10 min of
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rebreathing, introduction of these filters reduced peak
expiratory flow by 1–21% and forced expiratory vol-
ume in one second (FEV1) by 1–13% [19]; the effects
of the filters on measurements of absolute lung volumes
were not tested. JOHNS et al. [20] tested the effects of
introducing a disposable microaerosol barrier filter (Pall
Pro-Tec filter PF30S; Pall Biomedical Products Corp.,
Glen Cove, NY, USA) into the testing circuit using
patients as well as normal subjects. The mean resistance
after use was 0.055 kPa·L-1·s (0.56 cm·H2O·L-1·s). No
differences in measurements of lung volumes by single
breath helium dilution or body plethysmography were
noted when measurements were compared with and with-
out the filters in the circuits (there were statistically sig-
nificant decrements in the FEV1 and peak expiratory
flow (PEF) but the decrements were not clinically sig-
nificant). Similarly, FUSO et al. [21] noted no effect of
a Spirobac (DAR Spa, Italy) filter on plethysmographic
measurements of total lung capacity (TLC) and resi-
dual volume (RV). Forced vital capacities (FVCs), FEV1,
airway resistance (Raw) and specific airway conductance
(sGaw) were statistically significantly different from mea-
surements without the filter, but the differences would
have minimal clinical impact.

It is not surprising, given the paucity of reports of
nosocomial transmission of disease from pulmonary
function testing, that it was not possible to find any con-
vincing reports of reduction of transmission of commun-
icable diseases from the use of filters during pulmonary
function testing. In the report by GOUGH et al. [22], inter-
mittent outbreaks of infections with a specific strain of
Haemophilus influenzae did not recur after installation
of a one-way valve mouthpiece and in-line bacterial filter
into the spirometer used for pulmonary function testing
on the ward, but the evidence implicating the spirometer
for the earlier infections was not strong (e.g. the orga-
nism was never recovered from the spirometer tested
before installation of the filter).

Similarly, it was not possible to find reports of the
effectiveness of such filters in reducing or eliminating
the chances of nosocomial transmission of disease when
used in the manoeuvres made during measurements of
absolute lung volumes. There are a few reports of the
effectiveness of filters when used for forced expiratory
manoeuvres as part of spirometry; their conclusions,
however, differ. KIRK et al. [23] concluded that a Pall
Barrier filter (PF30, Pro-Tec) was 99.9% effective, when
bacterial colony counts on blood agar after expirates
passed through the filters were compared with the rec-
overable bacterial counts from the filter. In contrast,
LEEMING et al. [24] noted that both for the Collins DC-
1 Warren E. Collins Inc., Braintree, MA, USA and a
Pall PF-305 filters, the efficacy of the filters in remov-
ing bacteria from expirates was only ~67%, when colony
counts of expirates were compared with and without a
filter in place [24]. It should be noted, however, that
neither study addressed the critical issue: the effective-
ness of the filters in minimizing or eliminating the aspi-
ration of previously deposited or aerosolized bacteria or
viruses during inspirations by patients tested subse-
quently. Furthermore, existing studies have failed to
assess how the filtration rate for organisms in expirates
compares with the worst-case concentration of patho-
genic organisms and worst-case infective doses required

to cause disease, criteria which, admittedly, are usually
difficult to define.

Workshop meeting discussions and interim
consensus views

Because of the paucity of credible reports of trans-
mission of communicable disease from pulmonary func-
tion testing, only one participant was of the opinion that
physiological measurements of lung volumes were asso-
ciated with enough risk of transmission of communica-
ble disease to warrant steps such as the use of disposable
and/or bag-in-the-box systems [18], or disinfection of
equipment between patients. Moreover, even if it was
accepted that transmission of communicable diseases
could occur during measurements of lung volumes, when
workshop participants discussed the option of using fil-
ters between the patient and equipment, no consensus
could be reached that the use of such filters would indeed
be an effective method of preventing transmission of
communicable disease.

There was similar spirited discussion of commonly
cited laboratory practices of cleaning and disinfecting
stopcocks and valves at the end of each testing day, or
of draining and disinfecting water-filled spirometers once
a week. It was recognized that such steps should help
reduce the colonization of equipment with pathogenic
bacteria. However, since it is widely accepted that a spi-
rometer should be thoroughly cleaned and disinfected after
use on a patient with a known serious communicable
disease such as multidrug-resistant tuberculosis, some
participants felt that reliance on once daily or weekly dis-
infection schedules was inadequate fo protecting patients
tested on the same day as one or more patients with com-
municable disease not recognized at the time of testing.

Although the policy of Universal Precautions (under-
taking all laboratory procedures as if each patient had
a serious communicable disease) was embraced by all
workshop participants for blood sampling, few endorsed
the application of Universal Precautions during measure-
ments of lung volumes. Although all participants endorsed
standard steps to minimize transmission of communi-
cable disease as cited below, few endorsed making
mandatory other steps required for "honest" compliance
with Universal Precautions (e.g. negative pressure venti-
lation; wearing of moulded surgical masks or other ap-
paratus for respiratory protection by healthcare workers;
disinfection, between each patient tested, of all surfaces
within testing equipment exposed to expirates).

There was consensus, however, regarding the general
rules of infection control presented in table 1.

It should be noted that sterilization is defined as a
procedure which destroys all microbial life, including
highly resistant bacterial endospores, whereas disinfec-
tion inactivates virtually all recognized pathogenic micro-
organisms, but not necessarily all microbial forms (e.g.
bacterial endospores) [25]. Methods of high-level dis-
infection commonly recommended as effective for inac-
tivation of HBV and HIV include: 1) heat sterilization,
using wet steam for 15 min at 121°C or dry steam for
60 min at 170°C; 2) gas sterilization, using 450–500
mg·L-1 ethylene oxide at 55–60°C for 20–30 min; and
3) liquid sterilization, involving immersion for 30 min
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in a high-level disinfectant [26], such as 2% aqueous
glutaraldehyde, 8% formaldehyde, 5.25% sodium hypo-
chlorite (household bleach) diluted 1 to 10, or 6–10%
stabilized hydrogen peroxide. It should be noted that
recommendations from the US Government's CDC (At-
lanta, Georgia) for high-level disinfection of dental in-
struments [4] indicate that for effective disinfection,
heat-sensitive instruments may require up to 10 h (rather
than 30 min) of exposure in a high-level sterilant/disin-
fectant. Laboratory testing of human T-lymphocyte virus-
III (HTLV-III) has shown undetectable infectivity after
only 1 min of exposure to 0.5% sodium hypochlorite.
However, proteinatious accumulations in the nooks and
crannies of intricate apparatus, such as dental instruments
(or valves and pneumotachographs used for measuring
lung volumes) are difficult to remove and require long-
er immersion times for disinfection. Obviously, nondis-
infected deposits of pathogenic viruses on instruments
such as dental drills that are used to cut tissue pose a
substantially higher risk of disease transmission than a
similar dried deposit on an internal surface of a pneu-
motachograph.

It is also important to note that, in addition to the cor-
rosion of metals that chlorine- or peroxide-type disin-
fectants can cause, disinfectants are also associated with
significant health problems if used improperly (e.g.
release of chlorine gas from the mixing of bleach with
acidic solutions, production of a carcinogen from mix-
ing of bleach with formaldehyde, allergic and topical in-
flammatory reactions from exposure to glutaraldehyde).

Conclusions of the workshop participants are pend-
ing finalization of the consensus document, which will
be published later. 

Author's recommendations regarding in-line filters

Until better evidence is available, either proving or
disproving the need for and the efficacy of filters in pul-

monary function equipment, a clean droplet barrier filter
should be used to protect all equipment in contact with
expirates from patients, unless the equipment is sterilized
or replaced between patients. This would be in accord
with practices using ventilators [27, 28].

The resistance of the filter should be acceptably low
(e.g. <0.15 kPa·L-1·s (1.5 cmH2O·L-1·s)), and the impact
of such a filter should be assessed on the accuracy of
the measurements. If the filter has a significant effect,
the measurements must be adjusted accordingly. There
is conflicting evidence regarding the efficacy of such
filters for preventing the passage of bacteria or viruses;
however, such filters will clearly prevent the aspiration
of saliva and other fluid, which might otherwise be dep-
osited or condensed in pulmonary function testing sys-
tems during testing on previous patients. This disquieting
experience has occurred on at least two occasions in the
author's laboratory and has been reported anecdotally
by others. In the future, application of sophisticated tech-
niques of cell wall protein analyses and other methods
for typing specific bacteria and viruses could provide
more convincing evidence for the need and efficacy of
in-line droplet barrier filters during measurements of
lung volumes (and other pulmonary function tests).

Mouthpieces, tubing, valves, and other equipment on
the patient side of a viral filter or droplet barrier should
be physically cleaned and sterilized (or disposed and
replaced with clean components) between patients.
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