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Factors associated with infection by
Pseudomonas aeruginosa in adult cystic
fibrosis
D. Chambers*, F. Scott#, R. Bangur*, R. Davies*, A. Lim*, S. Walters", G. Smith+,
T. Pitt#, D. Stableforth* and D. Honeybourne*

ABSTRACT: Cross-infection with Pseudomonas aeruginosa is an emerging issue in the care of
patients with cystic fibrosis (CF). This study sought to determine the extent of, and patient factors
associated with, cross-infection in a tertiary referral adult CF centre.
P. aeruginosa isolates were genotyped into two groups between November 2001 and February
2003, using pulsed-field gel electrophoresis after DNA digestion by the SpeI endonuclease, and
identified as clustered if there was .80% homology in the macrorestriction profiles. Patient
factors and measures of disease severity were identified a priori.
In total, 157 out of 227 patients had a P. aeruginosa isolate genotyped. Of these, 94 patients
(60%) were infected with clustered genotypes and 47 (30%) were infected with the newly
described ‘‘Midlands 1’’ (Md1) genotype. A further 18 patients were infected with the previously
identified ‘‘Liverpool’’ genotype and two with the ‘‘Manchester’’ genotype. Logistic regression
analysis revealed that the predominant predictor of infection with Md1 was age at the time of
referral to the centre, suggesting that infection may have occurred prior to referral in some
patients. Md1 demonstrated a relatively benign anti-biogram and did not appear to be associated
with more severe disease.
In conclusion, the present study provides further evidence of the emerging importance of
Pseudomonas aeruginosa cross-infection in cystic fibrosis.
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espiratory tract infection by the pathogen
Pseudomonas aeruginosa in patients with
cystic fibrosis (CF) is associated with
progression of disease and increased mortality
[1]. Although cross-infection with P. aeruginosa in
siblings with CF is well documented [2], crossinfection in other settings has been thought to be
rare. There is now increasing evidence of the
importance of cross-infection in paediatric [3, 4]
and, more recently, adult [4–7] CF centres. There
is naturally concern among patients, families and
carers that this spread may adversely impact
upon morbidity and mortality.

R

referral centre providing both outpatient and
inpatient services to CF patients from a catchment area covering most of central England. This
study was completed as part of a nationwide
surveillance project [8] with three aims: 1) to
assess the centre patient population for evidence
of cross-infection by P. aeruginosa; 2) to identify
patient factors associated with cross-infection;
and 3) to determine if cross-infection is associated
with more severe disease.

The West Midlands Adult Cystic Fibrosis Centre
(WMACFC; Birmingham, UK) is a large tertiary

METHODS
Sputum or cough swab samples were obtained
from patients registered with the WMACFC from
November 2001 to February 2003. Samples were
collected in two groups. The first group was
collected during routine clinic visits from
November 2001 to May 2002. Patients who did
not have a P. aeruginosa isolate genotyped in the
first group were approached again either at
routine clinics or by post between December
2002 and February 2003. An attempt was made to
include all patients known to be colonised with
Pseudomonas spp. on the database.
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The number of terms used in the literature to
describe these cross-infecting P. aeruginosa isolates (‘‘epidemic’’, ‘‘multiresistant’’, ‘‘transmissible’’) reflects the lack of knowledge about
their epidemiology, microbiology and potential
for increased pathogenicity. There is an urgent
need for more data in these areas to guide
decisions about the future of CF care.
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Sputum was obtained from patients at outpatient visits and
occasionally by post or from inpatients. Specimens were
processed using the standard operating procedure, which
included a homogenisation step with the addition of an equal
volume of sputasol. Mixing and vortexing were carried out
prior to inoculation of culture plates. Each medium was
inoculated directly onto blood agar with an optochin disc.
Three selective media for P. aeruginosa, Burkholderia cepacia and
Staphylococcus aureus and a 1:500 dilution in sterile distilled
water were inoculated onto chocolated blood agar for semiquantitative analysis. All media were incubated for 48 h and
B. cepacia selective agar was incubated for 1 week. Reading
occurred at 48 h and 1 week. Organisms assessed as significant
were selected for identification and susceptibility testing using
British Society for Antimicrobial Chemotherapy (BSAC)
methodology, including testing for colomycin. Gram-negative
organisms that were resistant to colomycin or were isolated
from the selective B. cepacia media were identified and sent to
the reference laboratory for confirmation.
Samples underwent standard microbiological analysis, including culture on a range of selective media and susceptibility
testing using disc diffusion, following procedures laid down
by BSAC. Where P. aeruginosa was isolated, a sweep of colonies
was taken from primary culture plates and submitted in a
coded fashion to the Laboratory of HealthCare Associated
Infection (London, UK) for inclusion in a cross-infection survey
involving 31 CF centres in England and Wales. Isolates were
genotyped using pulsed-field gel electrophoresis following
digestion of DNA by the SpeI endonuclease, as described
previously [8]. Genotypes were identified as clustered if there
was .80% homology in their DNA macrorestrictrion profile.
Prior to obtaining sputum samples, patient factors felt to either
be of potential importance in determining colonisation by a
clustered P. aeruginosa genotype or to be related to disease
severity were identified. The following information was
obtained from case notes: 1) demographics; 2) CF genotype;
3) CF phenotype (pancreatic function, diabetes mellitus, CFrelated liver disease); 4) presence of allergic bronchopulmonary aspergillosis; 5) source of referral to the WMACFC; 6) age
at the time of referral; 7) the number of months attending the
WMACFC; 8) participation in shared care; 9) lung transplantation and Burkholderia cepacia infection status; 10) the number of
hospital admissions; and 11) i.v. antibiotic courses for the
previous 6 yrs. Patients were defined as being pancreatic
insufficient if pancreatic enzyme supplements were currently
prescribed by a consultant physician. The presence or absence
of CF liver disease was noted from information obtained from
case notes, specifically the findings on examination and the
results of liver ultrasound scans. Body mass index was
calculated and the forced expiratory volume in one second
(FEV1) was assessed at the time of sputum collection using the
same dry bellows spirometer and disposable, valved mouthpieces (Vitalograph, Buckingham, UK) calibrated daily (except
for B. cepacia-infected patients where an identical model was
used).
Comparisons were made between patients infected with the
major clustered P. aeruginosa genotypes and patients infected
with their own unique genotype. The patients’ residential
postcode was plotted and visually inspected for geographic
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clustering. Analysis was carried out using Chi-squared tests
for categorical variables and unpaired t-tests or ANOVA for
continuous variables. The Bonferroni correction was included
when multiple comparisons were made. The Levene statistic
was calculated to confirm homogeneity of variances between
groups. Where variances were not homogeneous the KruskalWallis test was used. The study was approved by the local
research ethics committee (Birmingham, UK).
RESULTS
At the time the study was conducted there were 227 patients
attending the WMACFC, of whom 182 (80%) were known to be
colonised with P. aeruginosa. In total, 157 patients (86% of those
colonised) had a P. aeruginosa isolate genotyped, 113 patients
in the first group and a further 44 in the second group.
An attempt was made to include all patients known to
be colonised with Pseudomonasaeruginosa on the database.
However, during the study period, 25 patients were unable
or unwilling to attend and provide samples. These were often
patients who had been poor attendees at clinics for several
years. Otherwise, there were no apparent differences with
those captured in the study.
In total, 47 patients (30%) were found to be infected with the
previously unidentified clustered P. aeruginosa genotype
Midlands 1 (Md1) [8]. Seven patients were infected with B.
cepacia, of whom three were co-infected with the P. aeruginosa
Md1 genotype. A further 18 patients (11.5%) were infected
with a previously described clustered P. aeruginosa genotype
first identified in the Liverpool paediatric CF centre (the
Liverpool genotype) [3]. Two patients were infected with a
clustered genotype previously identified in patients attending
an adult CF centre in Manchester (the Manchester genotype)
[5]. None of these patients had ever attended clinics in
Manchester or Liverpool. A further 27 patients (17%) were
infected with eight other small, previously unidentified,
clusters (arbitrarily named C, D, E, F, H, I, J and K). Only 63
patients (40%) were infected with their own unique P.
aeruginosa genotype. These findings are summarised in table 1.
TABLE 1

Clustered Pseudomonas aeruginosa isolates at
the West Midlands Adult Cystic Fibrosis Centre

Cluster

Patients n

Total population %

Md1

47

30

Liverpool

18

11.5

Manchester

2

C

4

D

3

E

2

F

4

H

2

I

2

J

7

K

3

Unique

63

Total

157

18.5

40

Md1: Midlands 1.

EUROPEAN RESPIRATORY JOURNAL

D. CHAMBERS ET AL.

P. AERUGINOSA CROSS-INFECTION IN CF

In total, 23 patients had P. aeruginosa isolates genotyped in both
groups. Of these patients, three (13%) had a different genotype
identified in the second group (two patients initially had a
Liverpool genotype isolated and then a unique genotype, and
one patient initially J and then unique). In these instances the
patient was deemed to have been infected with the clustered
genotype for the purposes of the subsequent analysis.
There was no evidence of geographic clustering of clustered
genotypes across the CF centre catchment area. The patient
characteristics for each infecting P. aeruginosa genotype are
presented in table 2. On univariate analysis, patients infected
with the Md1 genotype were younger, had been referred to the
centre at a younger age, and were more likely to have been
referred from the regional paediatric CF centre than those
infected with a unique genotype. Patients infected with the
Liverpool genotype were also younger and had been referred
at a younger age. There were no significant differences
between the patient groups for the other parameters assessed.
Specifically, the infecting P. aeruginosa genotype did not appear
to be associated with FEV1 (% predicted), body mass index, the
number of hospital admissions or the number of i.v. antibiotic
courses prescribed, although these parameters tended to be
worse in patients infected with the Liverpool genotype.
Logistic regression analysis revealed that age at the time of
referral to the centre was the predominant predictor of
infection with the Md1 genotype. Further analysis revealed
that patients referred from the regional paediatric centre
(n596) were, as would be expected, significantly younger at
the time of referral than those referred from elsewhere (n560;
17.5 versus 21.9 yrs; p,0.001).

TABLE 2

The antibiotic resistance patterns of the clustered P. aeruginosa
isolates varied considerably (table 3). The Liverpool genotype
was generally more resistant, particularly to ciprofloxacin, the
aminoglycosides and aztreonam, but there was a notable
complete absence of resistance to piperacillin and colomycin
in this group. Md1 genotypes were notably more resistant to
colomycin, but otherwise resistance was similar to the unique
P. aeruginosa genotypes. Generally, however, the anti-biogram
was of little value in terms of predicting P. aeruginosa
genotype.

TABLE 3

Percentage of isolates resistant or intermediately
resistant to anti-pseudomonal antibiotics by
genotype
Unique

Md1

Liverpool

Other

Total

Ciprofloxacin

25*

32

52

24

30

Gentamicin

33*

36

61

32

37

Tobramycin

6*

10

42

3

11

Amikacin

26*

17

48

11

24

Ceftazidime

8

10

19

5

10

Aztreonam

19*

8

42

8

17

Colomycin

3*

13

0

8

6

Piperacillin

9

6

0

3

6

Piperacillin/tazobactum

5

5

0

0

4

Data presented as a percentage. Md1: Midlands 1. *: p,0.05 for unique versus
Md1 versus Liverpool.

Patient characteristics by infecting Pseudomonas aeruginosa genotype
Unique

Subjects n
Age yrs
Male %

Md1

Liverpool

Other

Total

63

47

18

29

157

27.4#,"

23.7#,"

24.5"

27.3

25.9

54

64

50

52

56

21.4#,"

17.2#,"

18.2"

19.2

19.2

Time attending WMACFC yrs

6.2

6.5

6.4

8.1

6.7

Homozygous for DF508 %

50

50

43

69

53

Diabetes mellitus %

19

28

28

24

24

CF-related liver disease %

13

19

6

14

14

Allergic bronchopulmonary aspergillosis %

27

23

11

14

22

Pancreatic insufficiency %

98

98

94

100

98

Age at time of referral to WMACFC yrs

Lung transplant recipient %

2

0

0

0

1

Sibling %

10

15

17

10

12

Referred from regional paediatric CF centre %

52#

72#

61

64

61

Shared care participant

30

32

22

31

30

Burkholderia cepacia infection %

5

6

0

3

4

Body mass index kg?m-2

21.2

21.9

21.8

21.7

21.6

FEV1 % pred

51.2

56.3

48.9

56.7

53.5

Hospital admissions per yr n

1.2

0.8

1.6

0.4

1.0

Intravenous antibiotic courses per yr n

2.7

2.2

3.1

1.9

2.4

Data presented as mean unless otherwise stated. Md1: Midlands 1; WMACFC: West Midlands Adult Cystic Fibrosis Centre; CF: cystic fibrosis; FEV1: forced expiratory
volume in one second. #: p,0.05 for unique versus Md1; ": p,0.05 for unique versus Md1 versus Liverpool.
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DISCUSSION
This study demonstrates considerable clustering of P. aeruginosa isolates obtained from a population of 157 CF patients
attending a CF centre. In total, 60% of patients were infected
with clustered genotypes and half of these were infected by a
common genotype (Md1). Of these, 18 patients were found to
be infected with the previously described Liverpool genotype
[3]. None of these patients had ever attended the CF centre in
Liverpool, however, a few (table 2) had attended the regional
CF-related liver disease clinic (a clinic attended by patients
from both the WMACFC and Liverpool CF centre). A further
two patients were infected with the previously identified
Manchester genotype. Although environmental sources cannot
be entirely excluded, the clustered P. aeruginosa isolates
identified in this study are likely to have been acquired
through cross-infection. A number of studies that have
identified clustered P. aeruginosa isolates in patients with CF
have attempted to identify environmental sources without
success [3, 6, 9]. However it is possible that similar genetic
fingerprints for organisms may originate from diverse sources.
Social contact may, therefore, not be the main problem.
However, multiple reports from the UK, Australia and
Norway suggest that cross-infection between unrelated
patients occurs much more frequently than previously
recognised [3–7, 10]. In keeping with the current findings,
the studies from Liverpool, Melbourne, Brisbane and Bergen
all found that the majority of P. aeruginosa-infected patients
attending their centres harboured clonal isolates. Typically,
most patients are infected with a single clonal genotype (e.g.
Liverpool or Md1) while the remainder are infected with a
number of other genotypes [3, 4, 6, 10]. The findings of the
Brisbane group in particular very closely mirror the current
findings, as 59% of patients were infected with a clonal
genotype (39% with the same genotype (pulsotype 2) and 20%
with multiple other small clusters) [4].
Patients infected with the Md1 genotype were younger than
patients infected with unique genotypes, had been referred to
the centre at a younger age and were more likely to have been
referred from the regional paediatric CF centre (table 2).
However, logistic regression analysis suggested that the major
factor determining the infecting P. aeruginosa genotype was age
at the time of referral to the centre. It is possible that the age at
the time of referral simply relates to source of referral, given
that patients referred from the regional paediatric CF centre
are younger at the time of referral than patients referred from
elsewhere (17.5 versus 21.9 yrs; p,0.0001). It is probable that
some patients were already infected with the Md1 genotype at
the time of referral from the paediatric centre. In support of
this suggestion is the data provided by the strictly segregated
B. cepacia infected cohort. Two of the three patients with B.
cepacia and Md1 P. aeruginosa co-infection (both of whom were
referred from the regional paediatric CF centre) have had little
or no contact with other patients at the adult centre due to a
strict segregation policy. This suggests that Md1 P. aeruginosa
may have been acquired at the paediatric centre. These
findings are in line with those of the Brisbane group who
demonstrated that patients attending the regional paediatric
CF centre were infected with their predominant clonal isolate
(pulsotype 2) and that adult patients infected with pulsotype 2
654
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were younger and more likely to have been referred from the
paediatric centre [4].
Overall it would appear that infection with the more resistant
Liverpool genotype at the WMACFC (table 3) may be
associated with more severe disease, since the mean number
of hospital admissions and courses of i.v. antibiotics required
were higher in this group of patients and the FEV1 lower,
although individually the differences were not statistically
significant (table 2). Contemporary UK colomycin resistance
rates are ,3%. There is not enough accurate information to
comment on whether patients with Md1 strains were more
likely to have been treated with colomycin in the past.
Patients infected with the clustered genotype in Melbourne
were more likely to be using recombinant DNAse, more likely to
be hospitalised and had poorer FEV1 [6]. Patients in Brisbane
suspected of cross-infection also had a poorer FEV1, while
patients infected with the clustered genotype in Manchester
received more i.v. antibiotics and had more hospital admissions
than patients infected with unique genotypes [11]. Recently, the
Sheffield group has reported similar adverse features in patients
infected with their local clonal strain [7]. In contrast, infection
with the Md1 genotype did not appear to be associated with
more severe disease in terms of FEV1, i.v. antibiotic use or
number of hospitalisations. A similarly benign P. aeruginosa
genotype has been identified in Norway [10]. This finding is
important since it suggests that, at least for these P. aeruginosa
genotypes, the bacterial factors associated with the ability to
more successfully establish persistent infection may not
necessarily be the same as those associated with virulence and
severe disease, as had originally been feared [3, 11].
Generally, clustered P. aeruginosa genotypes have been found
to be more resistant to anti-pseudomonal antibiotics [3, 5, 6].
The Md1 genotype, in contrast, displayed a relatively benign
anti-biogram, except for a notably higher prevalence of
resistance to colomycin (table 3). Overall the anti-biogram
was of little practical value in identifying clustered strains in
individual cases.
Some limitations of this study should be recognised. Since only
a sweep of colonies of P. aeruginosa and not individual colonies
from a variety of morphotypes was sampled from each culture
plate, the study did not examine whether patients were
colonised with more than one genotype. In most previous
studies, however, patients maintain a single genotype for
many years, although it may display dramatically varied
morphotypes on the culture plate [12–18]. Another limitation is
that the present study involves only a single cross-section of
the clinic population. Further longitudinal studies will be
required to confirm the stability of the infecting clustered and
unique P. aeruginosa genotypes over time. Longitudinal data,
rather than the cross-sectional data presented here, are also
required before firm conclusions about disease progression in
the patients infected with clustered genotypes can be drawn.
The bacterial factors leading one P. aeruginosa strain to set up
chronic infection or supplant another chronically infecting
strain in a patient while other genotypes colonise or infect only
briefly before moving on are unknown. Few studies have
examined this question. The Manchester genotype does not
appear to induce an exaggerated inflammatory response in its
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in the abnormally anaerobic environment of the airway surface
liquid typical of older CF patients; an increased tendency to
form biofilms in the respiratory tract; or increased intrinsic
antibiotic resistance [3] (in turn related to the propensity to
form biofilms) [23]. Further work is required to better define
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The present study demonstrates that clustered genotypes are
not necessarily associated with a poorer prognosis. It is
becoming apparent that these strains become widespread not
through gross breakdowns in infection control (although
clearly cross-infection remains the major means of acquisition),
but more importantly through changes specific to the
bacterium. These changes, although yet to be defined, improve
the strain’s ability to supplant previously infecting strains
and/or establish persistent infection. Elucidation of these
bacteria-specific factors may provide information which will
be of wider benefit to the CF community.
In view of the current findings, patients were sent a letter
emphasising the importance of minimising patient-to-patient
contact for outpatients as well as inpatients. Fortunately, a new
inpatient facility with 20 single rooms and an outpatient clinic
with nine outpatient rooms was opened in November 2002.
These changes enabled a more efficient process of patient
segregation to occur. The current authors believe that this new
arrangement will considerably reduce the risk of cross
infection between patients, and plan to continue surveillance
of P. aeruginosa genotypes in the future to assess the impact of
these environmental changes.
In conclusion, clustered strains of Pseudomonas aeruginosa
(predominantly of Midlands 1 genotype) were found in 60%
of patients attending the West Midlands Adult Cystic Fibrosis
Centre, with some patients being infected with genotypes more
commonly associated with geographically distant centres.
Infection with the Midlands 1 genotype, found in 30% of those
tested, did not appear to be associated with more severe
disease. Patient factors were found to be of relatively minor
importance in predicting infection with the Midlands 1
genotype, although the association with age at the time of
referral to the centre suggests that infection may have been
acquired in the relatively distant past in many patients.
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