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INTRODUCTION

Cross-infection causes the most concern and discussion
amongst cystic fibrosis (CF) health professionals, patients
and carers. It causes concern because microbiological status
can influence the quality of life and survival of a CF
patient.1–3 The list of bacterial pathogens documented as
responsible for cross-infection outbreaks is lengthening and
currently includes Burkholderia cepacia complex, methicillin-
resistant Staphylococcus aureus (MRSA), Pseudomonas aerugi-
nosa and Pandoraea spp.4–7

We consider current cross-infection problems in CF and
discuss the clinical problems associated with cross-infection,
highlighting the major pathogens involved and the
consequences of cross-infection for individual patients,
specialist centres and the CF community.

CROSS-INFECTION CONTROL AND CF

Cross-infection control in CF requires implementation of
basic hygiene measures and cross-infection control
principles, taking into account the nature of CF
pathogens. Close liaison is needed between the CF
multidisciplinary team, microbiologists and infection
control teams. Together, they should create a local
infection control policy for each CF centre. Good
standards of hygiene should be encouraged. Consideration
should also be given to minimizing the risk of cross-
infection from contamination of the hospital environment
and respiratory function equipment. Education for
patients, their families and CF healthcare workers is
important as their support is essential to the success of
cross-infection control policies.

National consensus guidelines for control of MRSA
infection in CF have been published.7 The CF Trust has also
produced infection control guidelines for P. aeruginosa and
B. cepacia which can be accessed via the CF Trust
website.8,9

BACTERIAL PATHOGENS ASSOCIATED WITH
CROSS-INFECTION IN CF

Bacteria are the most important micro-organisms respon-
sible for the progression of CF lung disease and the
prognosis of the patients.10 The principal bacterial
pathogens responsible for documented cross-infection
outbreaks at CF centres are described below.

Methicillin-resistant Staphylococcus aureus
(MRSA)

Staphylococcus aureus is the predominant respiratory patho-
gen in childhood for those with CF. The upper respiratory
tract and nasal passages of healthy humans are commonly
colonized by S. aureus and most CF pulmonary infections
result from endogenous infection with the patient’s own
organism.11 Chronic infection of the lower respiratory tract
by S. aureus can lead to severe lung damage and many CF
physicians advocate a policy of long-term prophylactic anti-
staphylococcal antibiotics for their patients. This has been
shown to be associated with an improved clinical prognosis
in neonates,12 although the effectiveness of this policy
beyond childhood years remains controversial.13

The majority of strains of S. aureus produce penicillinase
and therefore penicillinase-stable b-lactam antibiotics, such
as methicillin and flucloxacillin, have been the mainstay of
treatment of S. aureus infections for many years. Strains
resistant to these agents, known as methicillin-resistant S.
aureus (MRSA), emerged in the UK in the 1960s and have
increased in incidence over the past few decades.14,15

Methicillin resistance is through a penicillin binding protein
encoded by the mecA gene.14,16

MRSA strains are now a leading cause of nosocomial
infections and several studies suggest that MRSA may be
emerging as a community pathogen.14 MRSA pose greater
therapeutic difficulties because of their associated antibiotic
resistance. Some strains appear better able to colonize and
spread than others; two epidemic lineages (EMRSA) are
largely responsible for spread of MRSA in the UK, EMRSA-
15 and EMRSA-16.17 Hospital patients who harbour MRSA
can contaminate their environment and inpatient isolation is
therefore recommended.18 Transmission of infection
appears to be primarily by person-to-person contact via66
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contaminated hands, equipment or clothing, although
shedding of MRSA (e.g. patients with infected eczema)
and airborne spread is also possible.15

The prevalence of MRSA among those with CF is
increasing and has added to infection control problems
faced by CF centres.19,20 The majority of MRSA infections
at the CF centres are thought to be through nosocomial
transmission from other hospital patients, rather than
transmission between CF patients.7 Outside of CF, studies
have demonstrated that spread of MRSA can be controlled
by active surveillance and contact isolation measures.21

Topical antiseptics and antibiotics can be used for nasal and
skin carriage.7 Active treatment of carriers will often
depend on the clinical setting, although this approach has
helped to control spread during some MRSA outbreaks.7

The clinical significance of MRSA infection in CF is still
unclear. A recent study has reported a greater use of
intravenous antibiotics and an adverse affect on nutrition
and growth for CF children with MRSA infection.19

Consensus reports recommend adherence to non-CF
infection control guidelines for MRSA to help limit spread
within CF centres.7 Attempted eradication of MRSA
pulmonary infection using nebulized vancomycin has been
advocated for individuals with CF.22 However, there is no
uniform view as to the optimal treatment regime for MRSA
in CF patients. Further prospective studies are required to
determine the clinical effects of pulmonary MRSA infection
and optimal regimen for eradication of MRSA in individuals
with CF.

Burkholderia cepacia complex

Chronic B. cepacia infection is associated with an increased
morbidity and shortened life expectancy for those with CF.
The emergence and spread of transmissible strains resulted
in a dramatic increase in the incidence and prevalence of
B. cepacia infection at many CF centres during the past two
decades. Patient-to-patient spread occurred both within CF
centres23 and outside during social contact.5 The sub-
sequent introduction of strict segregation policies has
helped to limit B. cepacia cross-infection. The recognition
of cross-infection, with one B. cepacia strain replacing
another, often in association with a dramatic worsening in
clinical condition of the patient, highlighted the need to
further extend cohort segregation of CF patients with B.
cepacia infection by strain type.24,25

The risk of B. cepacia cross-infection is related to a
number of factors, including patient behaviour, individual
host factors,26 infection control practices at CF centres and
the B. cepacia strain type.27 A DNA marker, known as
Burkholderia cepacia epidemic strain marker (BCESM), has
been identified in a number of transmissible strains.27 The
most prevalent transmissible strain in Canadian and UK CF

centres, known as the ET12 strain, also possesses a gene
(CbiA) that encodes for the major structural subunit of
unique mucin binding cable pili, which are thought to
possibly increase its potential for transmission between CF
patients.27 However, BCESM and CbiA are not found in all
transmissible strains of the B. cepacia complex28 and
genomic fingerprinting of individual isolates is still required
for infection control surveillance.

Although the stringent infection control policies have
helped to limit cross-infection, they have not entirely
eliminated new acquisition of B. cepacia complex infection at
CF centres. At the Manchester Adult CF Centre there is
still a low incidence rate of infection with sporadic strains of
Burkholderia spp (Figure 1). These are presumed acquired
from natural environmental sources, although the source of
infectious strains is not known. The recent finding of an
epidemic B. cepacia complex strain within soil samples29 has
highlighted that human strains are not necessarily distinct
from environmental strains. This has added to the ongoing
debate over the potential commercial use of B. cepacia
complex species in agriculture and bioremediation.2,30

Ongoing work is required to establish if environmental
reservoirs constitute a risk for CF patients. Continued
microbiological surveillance of B. cepacia complex infection
is essential to detect future emergence of potentially
transmissible strains.

The taxonomy of B. cepacia has undergone major
revisions during the last few years. Studies have shown that
organisms previously identified as B. cepacia actually
comprise a number of distinct but closely related bacterial
species, each known as a genomovar of the B. cepacia
complex.31,32 The majority of CF clinical isolates of the
B. cepacia complex belong to genomovars II (also known as
B. multivorans) and III.24,28 The clinical significance of the
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Figure 1 Incidence and prevalence of infection with Burkholderia

spp at the Manchester Adult Cystic Fibrosis Centre. A policy of

strict cohort segregation in the mid-1990s has lead to a fall in cases of

cross-infection with transmissible Burkholderia cepacia genomovar III

strains. A low incidence rate persists, mainly as a result of infection by

sporadic strains of Burkholderia spp from the environment. Striped

bars=prevalence; bold bars=incidence



new taxonomic status is still unknown. Whilst most
transmissible strains belong to genomovar III B. cepacia
complex, CF cross-infection outbreaks relating to B.
multivorans24,33 and other genomovars34 have been reported.
Ongoing studies are needed to address the relevance of the
new taxonomic status to CF clinical care including cross-
infection control. The relatively small numbers of CF
patients with B. cepacia complex infection and potentially
large confounding factors between individual patients pose
difficulties for such studies.

Some CF patients may transiently acquire infection with
a known transmissible strain of B. cepacia. When a patient
can be declared free of infection, and therefore potentially
allowed to cohort with other B. cepacia-negative CF
patients, can be a difficult clinical dilemma. The CF Trust
currently recommends a period of at least 1 year between
negative cultures, during which at least three different
sputum cultures have been taken, before a patient can be
declared as having eradicated a Burkholderia sp.8

As CF patients travel on holiday in more exotic
destinations, they may visit areas where Burkholderia spp,
including known human pathogens such as B. mallei and
B. pseudomallei, are endemic. Will CF clinicians begin to see
cases of infections due to yet other Burkholderia spp? Cases
of B. pseudomallei infection in CF patients visiting South-East
Asia have already been described.35,36 Only continued
microbiological surveillance will ensure success of cross-
infection control of Burkholderia spp in CF.

Pseudomonas aeruginosa

Past and present: evidence for cross-infection

In the 1980s an increase in the incidence and prevalence of
multi-resistant P. aeruginosa was noted in the Danish CF
Centre.37 However, the phenotypic bacterial typing systems
available at the time were unable to provide compelling
evidence that a single strain was responsible. As the
majority of other early studies did not find evidence of
significant P. aeruginosa cross-infection among patients at CF
centres38–40 or holiday camps41,42 most clinicians and
microbiologists concluded that P. aeruginosa cross-infection
was not a significant problem in CF.

Recently opinions have changed. Studies using mole-
cular fingerprinting of P. aeruginosa isolates have demon-
strated convincing evidence of clonal spread at CF holiday
camps in Europe43,44 and specialist centres in the UK and
Australia.4,45–47 Another recent study at the Vancouver CF
Centre using randomly amplified polymorphic DNA typing
did not reveal any evidence of significant cross-infection
with P. aeruginosa.48 The conclusion is that P. aeruginosa
cross-infection does exist at some but not all CF centres.
Only widespread microbiological surveillance will reveal
the true extent of this problem at all UK CF centres. Whilst

isolates of transmissible P. aeruginosa strains may exhibit
unusual phenotypic features, including antibiotic resistance,
none of these features can be regarded as discriminatory and
microbiological surveillance for P. aeruginosa cross-infection
should involve some form of bacterial genotyping to
identify individual strains.

Why has P. aeruginosa cross-infection
emerged?

It is known that the particular strain of P. aeruginosa may be
important in the establishment of chronic pulmonary
infection in people with CF. Elegant microbiological studies
have demonstrated that the degree of chemotaxis of
P. aeruginosa to the major sugar and amino acid components
of mucin is strain specific.49 Findings from an outbreak of
P. aeruginosa infection related to a hydrotherapy pool
highlighted an increased predilection of a particular P.
aeruginosa clone, which possessed the highest mucinophilic
and chemotactic properties of all the different P. aeruginosa
strains isolated from the pool water, for the CF lung.3

The versatility and adaptability of P. aeruginosa is
reflected in the immense size and sophistication of its
genome which contains 6.3 million base pairs.50 Isolates of
P. aeruginosa from CF hosts show a remarkably high rate of
mutation which, it has been suggested, allows the continued
and rapid adaptation of the bacterial population and helps to
ensure their continued survival within CF lungs.51 The
recently reported cross-infection outbreaks seem to be as
result of the spread of particular transmissible strains
between patients, rather than a simple breakdown in
infection control measures at the CF centres. Many isolates
of transmissible P. aeruginosa strains exhibit unusual
phenotypic features,4,47 super-infection has also been
reported.45 The reasons behind the emergence of these
newly identified strains and factors associated with their
transmissibility, however, are at present unclear.

What is the mechanism of cross-infection?

The mechanism of P. aeruginosa cross-infection is not known
and establishing experimental proof of the mode(s) of
spread is prevented by ethical limitations. Recent
environmental screening at the Manchester Adult CF
Centre during a documented cross-infection outbreak has
demonstrated airborne dissemination of transmissible
P. aeruginosa by CF patients.52 No other reservoir of
infection was found in the inanimate environment. These
findings suggest that the mode of cross-infection may be
patient-to-patient spread of P. aeruginosa by airborne
dissemination. This raises implications for infection control
policies implying measures may need to include cohort
isolation of patients who harbour transmissible P. aeruginosa.
This will further increase pressure on the limited resources68
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of many large CF centres (Box 1). Whichever measures are
implemented, continued microbiological surveillance must
be undertaken to determine their outcome.

Clinical effects of P. aeruginosa
cross-infection

‘The success of early identification and treatment in
preventing Pseudomonas infection becoming established
and chronic determines the patient’s future quality of life
and long-term survival’—Cystic Fibrosis Trust, 2003.53

The acquisition of P. aeruginosa infection is associated with
an increase in morbidity and mortality for individuals with
CF. Once chronic infection becomes established, it is
virtually impossible to eradicate. The prevention of chronic
P. aeruginosa infection in CF relies on cross-infection control
and the eradication of early infection. The emergence of
transmissible strains of P. aeruginosa at CF centres is a
concern as they expose other P. aeruginosa-negative patients
to an increased risk of acquisition of infection. Eradication
regimens for early P. aeruginosa infection remain an
important tool in the armoury of the CF team in the
management of their patients.9,53,54 The potential ability of
transmissible multi-resistant P. aeruginosa to resist eradica-
tion4 and progress to chronic infection is of further concern.

What are the effects of cross-infection for CF patients
who already harbour sporadic strains of P. aeruginosa? Two
recent studies have reported an increase in morbidity for CF
patients who harbour transmissible P. aeruginosa above that
of those with infection by sporadic strains.46,55 Patients
infected with transmissible strains were found to have a
greater number of respiratory exacerbations, a greater
intensity of intravenous antibiotic treatment and inpatient
treatment. Although there are resource implications in the
implementation of infection control measures, there may be
potential cost implications for ignoring spread of
transmissible multi-resistant P. aeruginosa.

The transmissibility of a CF pathogen however, should
not be confused with its virulence. At the Manchester Adult
CF Centre, a recent cross-sectional study failed to show any

differences between levels of inflammatory markers in
clinically stable adult CF patients with infection by
transmissible and sporadic P. aeruginosa. The virulence of
transmissible P. aeruginosa is currently unknown but
warrants further study. Furthermore, the importance of
balancing the considerable benefits of centre care against the
small risk of P. aeruginosa infection cannot be understated:
centre care is associated with a better outcome for CF
patients,56 even during a cross-infection outbreak.57

Other organisms

Other bacteria such as Stenotrophomonas maltophilia,
Alcaligines xylosoxidans, Ralstonia pickettii and Proteus spp
may occasionally cause chronic pulmonary colonization in
CF patients, although their pathogenic role in CF
pulmonary disease is unclear. Some develop pulmonary
infections with atypical mycobacteria. At present, cross-
infection with these bacteria has not been reported at CF
centres. Furthermore, the rate of transmission of
S. maltophilia between CF siblings seems to be low.58

Pandoraea species

Recently, using isolates identified from the environment
and CF sputa, taxonomists have characterized a novel
genus, Pandoraea spp, containing five species.6 These
organisms appear to be potential pathogens for individuals
with CF. Cross-infection with Pandoraea spp has already
been reported at CF Centres outside the UK.6 Considera-
tion should be given to microbiological surveillance to
investigate the potential spread of Pandoraea spp to other CF
centres.

RESPIRATORY VIRUSES

Respiratory viruses, such as adenoviruses, respiratory
syncytial virus and influenza viruses A and B are responsible
for some of the acute exacerbations of the pulmonary
disease in CF and can cause a dramatic fall in pulmonary
function.59 Attention should therefore be paid to attempts
to minimize the risk of spread of respiratory viruses to CF
patients. Similarly, individuals with CF are at risk of severe
varicella pneumonitis and exposure carrying a risk of
infection should be avoided; in cases of potential exposure,
consideration should be given to early prophylactic
treatment with aciclovir.60

SOCIAL AND PSYCHOLOGICAL CONSEQUENCES
OF CROSS-INFECTION

There can be few more emotive articles ever published in
the medical press than the moving story of two brothers
with CF who decided to live apart when one developed
B. cepacia infection.61 69
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Box 1 Current outpatient clinics at the Manchester Adult Cystic

Fibrosis Centre: cohort segregation by organism

Staphylococcus aureus, Haemophilus influenzae

Methicillin-resistant S. aureus (MSRA)

Pseudomonas aeruginosa—sporadic strains

Pseudomonas aeruginosa—transmissible strains

Burkholderia gladioli

Burkholderia multivorans

Other non-genomovar III Burkholderia cepacia complex

Burkholderia cepacia complex genomovar III—sporadic strains

Burkholderia cepacia complex genomovar III—transmissible

strains



The implementation of strict segregation policies to
limit the spread of transmissible pathogens has been at a
price to the previous closely-knit structure of the CF
community. Holiday camps are now discouraged. Indivi-
duals who harbour transmissible or antibiotic resistant
organisms are advised not to attend CF meetings and social
gatherings. Patient comments from the annual user
satisfaction survey at the Manchester Adult Centre give
examples of the psychosocial implications of cross-infection
in CF (Box 2). Some patients raise concerns about the
potential of cross-infection, whilst patients with B. cepacia
infection complain of the restrictions imposed by
segregation policies and express feelings of stigmatization
and isolation. Paediatric CF patients list cross-infection as a
major concern at the time of transfer of their care to adult
centres.62 Effective communication between the CF team
and patients and their relatives is necessary to attempt to
ease anxiety among all patients. The team should encourage
maintenance of cross-infection control policies, whilst
providing psychosocial support to individual patients who
may feel stigmatized.63 Ways of allowing patients to
communicate and interact whilst minimizing the risk of
cross-infection, such as use of the Internet and the provision
of teleconferencing facilities, should also be explored.

MICROBIOLOGICAL SURVEILLANCE FOR
CROSS-INFECTION

Microbiological surveillance for cross-infection with the
major CF bacterial pathogens should include genomic
fingerprinting of isolates. The method chosen must have
suitable discriminatory power for the species under
investigation. The different molecular bacterial fingerprint-
ing techniques available are beyond the scope of this clinical

review. Antibiograms are unreliable for assessing clonality
of isolates and cannot be used for surveillance of cross-
infection. Genomic fingerprinting techniques can be time
consuming. The potentially high number of isolates needed
to be screened, such as P. aeruginosa at large adult centres,
can present additional difficulties for microbiological
surveillance.

Specialist CF microbiological reference laboratories have
been developed to assist clinicians and microbiological
laboratories in the identification, epidemiology and
surveillance of the major CF pathogens. The CF Trust
helps fund two UK reference laboratories, based in London
and Edinburgh.9

Recently, the genomes for P. aeruginosa, B. cepacia
genomovar III and MRSA have been sequenced.50,64 The
rapid advances being made in microarray and DNA chip
technologies may allow investigators to use comparative
genomics to identify genes associated with transmissibility.
Whether this will translate into the development of
molecular bedside tests to help clinicians identify an
organism and indicate its likely potential for spread to help
guide infection control remains to be seen.

CONCLUSION

Cross-infection is important in CF as the microbiological
status of a patient influences their quality of life,
opportunities for social contact with peers, future prospects
for transplantation, disease progression and life expectancy.
The introduction of strict segregation policies has helped to
limit spread of transmissible strains of the B. cepacia
complex. The emerging prevalence of transmissible strains
of other CF pathogens such as MRSA and P. aeruginosa
presents further challenges for cross-infection control.
Success in limiting spread will require adequate provision of
resources, continued microbiological surveillance and close
liaison between infection control teams, microbiologists and
CF multi-disciplinary teams.
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