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Delivery of multidisciplinary care by experi-
enced teams in specialist units has conferred
considerable benefits in care for individuals
with cystic fibrosis (CF), with significant
improvements in clinical outcome and sur-
vival figures. However, one particular
concern of congregating patients at special-
ist CF centres is the potential for cross-
infection. Over the past decade, the emer-
gence and spread of clonal (transmissible)
Pseudomonas aeruginosa strains among
patients with CF has become an inter-
national problem.1–3 Case series suggest
that initial infection with clonal P. aerugi-
nosa strains may be more difficult to eradi-
cate,4 and in cohort studies chronic
infection is associated with worse clinical
outcomes.1 5 6The mechanism of spread of
P. aeruginosa between patients with CF is
unresolved. Potential routes include direct
or indirect contact, droplet spread of rela-
tively large infectious particles that travel
short distances or airborne spread of
smaller particles containing microorganisms
that travel further and remain suspended
for longer periods. It has been shown that
patients with CF infected with clonal P. aer-
uginosa can contaminate their hands and
their immediate environment for brief
periods.7 In addition, clonal P. aeruginosa
have been isolated from CF clinics by room
air sampling.7 8

Knibbs and coworkers present the find-
ings of their recent work using equipment
they developed with an aerobiological
sampling system to measure the viability
of P. aeruginosa in cough-generated aero-
sols from patients with CF.9 Their studies

demonstrate that after a 5 min period of
intense coughing by a patient with CF,
viable P. aeruginosa can frequently be iso-
lated from room air at a distance of at
least 4 m from the source and can persist
for 45 min. The authors confirmed by
bacterial fingerprinting techniques that the
strains of P. aeruginosa cultured from the
airborne particles corresponded to those
harboured by the patients. Although the
mechanism of cross-infection remains
unknown, and ethical considerations limit
the attainment of robust scientific proof,
the findings of the study support the air-
borne route as one plausible means for
transmission of P. aeruginosa infection
between patients.
The present study may have implica-

tions for infection control practice and
the design and functioning of CF centres.
Previously infection control guidance has
focused largely on avoidance of transmis-
sion by direct contact through measures
such as hand hygiene, and droplet spread
of relatively large infectious particles that
travel short distances, with some guide-
lines suggesting people with CF maintain
a distance of 1–3 m to reduce risk of
infection. While precautions against
contact spread of pathogens remain as
essential as ever, future infection control
policies will also need to allow greater
consideration to potential airborne trans-
mission of pathogens. It will be important
to address the design and ventilation of
buildings used for CF care and the admin-
istrative issues surrounding the use of
these facilities. At large CF centres, there
are often competing demands between the
requirements to reuse rooms with provid-
ing sufficient time to allow dispersal of
airborne contamination once a room has
been vacated. Knibbs and colleagues mod-
elled the influence of room ventilation on
decay of airborne P. aeruginosa counts and

provide data on the removal of viable air-
borne organisms with different air
exchange rates. The concentration of
viable organisms fell both with time and
distance from the subject and, as
expected, viable colony forming unit
counts decreased quicker with greater air
exchange rates, but even at 10 air
exchanges per hour their modelling sug-
gests that it was over 10 min before 90%
of viable P. aeruginosa was removed.

Recommending exactly how long a
room should be left vacant before it is used
again is not straightforward. It is not pos-
sible to accurately predict any airborne
infection risk due to several reasons, one
of which is the lack of knowledge of the
inoculum required to initiate infection,
which may differ from strain to strain, and
ethical concerns of performing relevant
studies. There are also other factors: sus-
ceptibility to infection may differ from
patient to patient; the environmental
characteristics at any time such as humidity
and temperature will influence the concen-
tration and viability of airborne gram-
negative pathogens; although air exchange
rates can be calculated, in practice both the
mixing of air within a room and contamin-
ation within a given area of the room are
likely to be unequal. The present study by
Knibbs and colleagues also provides evi-
dence that there is a potentially large dif-
ference between individual patients in
their ability to disseminate P. aeruginosa.

Administrative changes such as rotating
staff rather than patients through clinic
rooms, abolishing the need for waiting areas
through careful timetabling of clinic slots
and preventing congregating at other areas
within the hospital (eg, direct dispensing of
medications to patients within clinic rooms)
may reduce risk of exposure to airborne
pathogens. The applicability of such mea-
sures will depend on local resources and
prevalence of infections. Other measures
such as wearing of personnel protective
equipment (face masks) by patients to
protect themselves and other patients have
been adopted at a number of CF centres in
some countries. The requirement of
wearing face masks and other potential
strategies to reduce airborne infection,
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including ultraviolet filtration and mechan-
ical room ventilation of facilities, is unre-
solved. An increasing use of telemedicine
could provide a means of reducing need for
travel to centres and thus reducing risk of
cross-infection. The relative importance of
individual components of infection control
strategies is often difficult to evaluate as
commonly several interventions are imple-
mented consecutively in successful control
of outbreaks. However, lessons learnt
through ongoing epidemiological studies of
cross-infection at CF centres will be import-
ant as they will help to guide consensus
opinion of relevant infection control prac-
tice in CF. The subject of infection control
practice is perhaps the most contentious
issue in the CF community. Any recommen-
dations that impose restraints within and
outside of CF centres will be controversial.
The exchange of views in response to the
recent draft US CF Foundation recommen-
dations highlight how opinions can be
polarised in circumstances where direct evi-
dence is commonly not available and is
unlikely to be obtained due to ethical
constraints.10 11

Although there was universal and often
prolonged airborne dissemination of
P. aeruginosa in the experimental model
of Knibbs and colleagues, clonal
P. aeruginosa strains have not have rapidly
spread to infect all patients at CF centres.
Factors that influence the capability of
strains to transmit between patients are
unknown, but it does not appear to be as
simple as their ability to exist as viable
organisms as airborne particles. Knibbs
and colleagues studied 19 patients, 12 of
whom were infected with clonal strains of
P. aeruginosa. Both clonal and non-clonal
strains were cultured from room air with
no obvious difference in viability between
different strains. Nevertheless, potential
airborne transmission of P. aeruginosa
infection still at this stage cannot be dis-
counted. Spread of some respiratory
pathogens, such as Mycobacterium tuber-
culosis and Influenza, is strongly linked to
airborne transmission.

The accumulated experience of cross-
infection in CF centres provides a caution-
ary message for the practice of congregat-
ing potentially susceptible patients who
may harbour respiratory pathogens at spe-
cialist units, at a time when subspecialisa-
tion of respiratory services, such as the
development of specialist non-CF
bronchiectasis clinics, is becoming increas-
ingly commonplace. A recent UK study
did not find evidence of infection with
dominant clones in unrelated patients at
one specialist non-CF bronchiectasis
clinic.12 However, clinical teams should
be alert to any possibility of transmission
of bacteria between patients with chronic
respiratory conditions, through monitor-
ing rates of infection with pathogens
among patient cohorts and the use of
microbiological strain typing in conjunc-
tion with epidemiological data to evaluate
whether cross-infection has occurred.
In summary, the study by Knibbs and

colleagues has provided additional data
that support plausible transmission of
P. aeruginosa between patients by an air-
borne route. It dispels the assumption of a
‘safe’ short (1–3 m) distance between
patients. Although any actual risk from air-
borne transmission within CF centres
remains difficult to quantify, it is a timely
reminder for CF teams to work with their
infection control colleagues and building
design engineers to ensure patients can still
benefit from provision of care from spe-
cialist and experienced multidisciplinary
teams while minimising any potential risk
from airborne organisms at CF centres.
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