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ORIGINAL

Endemicity, molecular diversity and
colonisation routes of Pseudomonas
aeruginosa in intensive care units

Abstract Objective: We carried out
a prospective study to evaluate the
endemicity of Pseudomonas aeru-
ginosa in intensive care units
(ICUs). Pulsed-field gel electro-
phoresis (PFGE) was used to deter-
mine the genotypes of P. aeruginosa
isolates. This allowed us to deter-
mine the importance of cross-colo-
nisation and the colonisation routes
of P. aeruginosa.

Design: We screened epidemiologi-
cal specimens (rectal swab, nose
swab and tracheal aspiration) and
routine clinical cultures from pa-
tients admitted to ICUs during a 2-
year period, from 1st January, 1998,
to 31st December, 1999.

Setting: The study was carried out in
four separate adult ICUs located in
the Franche-Comté region of
France. These four units admitted a
total of 1,500 patients per year.
Results: A total of 1686 specimens
were collected from 473 patients;
122 of these patients were positive
on admission, 351 became positive
during hospitalisation. The overall
incidence of P, aeruginosa was 15.7
cases per 100 patients and 15.1 cases
per 1000 days of hospitalisation. Of
184 patients with at least one ICU-

Introduction

Pseudomonas aeruginosa is a common hospital-ac-
quired pathogen of surgical wounds, the respiratory
tract and urinary tract, in all departments of the hospital

acquired positive clinical culture,
104 had been previously identified
as carriers by a similar genotype.
Typing of 208 non-replicate isolates
revealed 101 major DNA patterns.
Approximately 50 % of P aerugin-
osa carriage or colonisation/infec-
tion was acquired via cross-trans-
mission; the other cases probably
originated from endogenous sourc-
es.

Conclusion: Cross-colonisation
seems to play an important role in
the general spread of P, aeruginosa
in ICUs.

Keywords Pseudomonas
aeruginosa - Molecular
epidemiology - Intensive care -
Colonisation routes

but especially in intensive care units (ICUs) [1,2, 3]. The
incidence of nosocomial P, aeruginosa infections has in-
creased in recent decades [4]. This is partly due to the in-
crease in the number of patients prone to such infection,
particularly in ICUs. High mortality and morbidity rates
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have been observed for P aeruginosa infections, espe-
cially in cases of respiratory tract infection [5].

However, the general epidemiology of P aeruginosa
in ICUs suggests that infection represents merely the
tip of an iceberg, whereas colonisation reflects the sub-
merged part. Colonisation rates represent the true bac-
terial load within ICUs. Understanding the mechanisms
establishing and maintaining endemicity of P aerugin-
osa colonisation is therefore important. The environ-
ment used to be a major source of nosocomial P aeru-
ginosa infections, and outbreaks were reported in sever-
al ICUs [6, 7]. Effective infection control measures have
reduced this phenomenon [7]. Nowadays, endemic
nosocomial infections are thought to originate mainly
from patients’ endogenous flora [8, 9]. In addition, col-
onised patients are a continuous exogenous source of
micro-organisms that may go on to colonise other pa-
tients. To design targetted strategies to prevent infec-
tion, it is essential to understand the relative importance
of exogenous and endogenous colonisations. The pre-
vention strategies developed differ according to the
dominant colonisation route.

We carried out a multicentre prospective study to ex-
amine endemicity, clonal diversity and colonisation
routes of P. aeruginosa in ICUs.

Materials and methods

Setting

We studied four separate adult units: the medical and surgical
ICUs at the University Hospital, Besancon, and the medical ICUs
of Montbéliard and Vesoul General Hospitals. These three towns
are located in Franche-Comté, a region of eastern France, with ap-
proximately 1,000,000 inhabitants The surgical intensive care unit
(SICU) and the medical intensive care unit (MICU) at Besancon
have 15 beds each, the other MICUs each have 10 beds. These
four units admit a total of 1,500 patients per year, giving a mean
of 15,500 patient-days per year.

Study design

Patients were tested for P aeruginosa. Routine clinical specimens
and screening specimens (rectal swabs, nasal swabs and tracheal
aspiration) were collected and analysed in order to identify P. aeru-
ginosa. Screening cultures were collected from each patient on the
day of admission and then once a week for the duration of hospital-
isation in the ICU. P. aeruginosa strains were characterised using
pulsed-field gel electrophoresis (PFGE), the genomic fingerprint-
ing method now regarded as the most accurate method for the typ-
ing of P, aeruginosa for epidemiological purposes [10].

Bacteriological culture
Columbia agar, containing 5 % horse blood, was used for the pri-

mary isolation of clinical specimens, and Mueller-Hinton agar for
screening specimens. Suspect colonies were identified based on

characteristic morphology, by Gram staining and by the oxidase
test. Further biochemical tests were carried out to confirm their
identity (API-20NE, Biomérieux, Marcy I’étoile, France)

Data collection

All patients admitted to these four ICUs between 1st January,
1998, and 31st December, 1999, were included in a prospective
study. We recorded the patient’s age and sex, admission date and
length of stay. Patients admitted to the same ICU several times,
or to another participating ICU, with an interval of more than
3 months, were entered once for each admission.

Definitions

Patients with screening cultures testing positive in the absence of,
or before isolation of, positive clinical specimens were considered
to be carriers. Due to the lack of clinical data confirming infection,
patients with positive clinical specimens were considered to be col-
onised/infected. When both clinical and screening cultures tested
positive on the same day, the patient was considered as colonised/
infected.

Pseudomonas aeruginosa carriage and colonisation/infection
were considered to be ICU-acquired if P aeruginosa was not de-
tected in any specimen during the first 48 h after admission to the
ICU. Carriage and colonisation/infection were considered to be
endogenous if the strain of P. aeruginosa had not previously been
isolated from another patient. Cross-acquisition was defined as
carriage of, or colonisation/infection by, a strain of P. aeruginosa
with a PFGE pattern identical or closely related to that of isolates
from another patient in one of the ICUs.

Statistical analysis

Data are expressed as absolute numbers with or without percent-
ages. Frequencies were compared using the y, test, a p value of
less than 0.05 being considered statistically significant. To deter-
mine whether screening cultures could predict further positive
clinical cultures, we calculated the sensitivity, specificity, positive
and negative predictive values of samples screening.

Genotyping

The genetic similarity of strains was investigated by pulsed-field
gel electrophoresis (PFGE; CHEF DRIII, Bio-Rad, Ivry sur Seine,
France) using Dral (Boehringer Mannheim, Germany) as previ-
ously described [11]. Five hundred ninety isolates from 242 pa-
tients were genotyped. We used PFGE data in two ways. Firstly,
to study the route of colonisation by identified clones of P. aerugin-
osa, we compared the PFGE pattern of strains isolated from clini-
cal cultures to that of strains previously isolated from screening
cultures (we typed one strain per week if the antibiotic susceptibil-
ity pattern was identical or all the strains if this pattern had chan-
ged). With this aim in view, we compared photographs of PFGE
patterns by eye to identify identical-sized bands. Indistinguishable
isolates (no band differences) and closely related isolates (2-3
band differences) were considered to be of the same genotype.
Secondly, to investigate the general epidemiological aspects of
P, aeruginosa, we investigated P. aeruginosa isolates from patients
testing positive (clinical or screening cultures, one strain per week
if the antibiotic susceptibility pattern was identical or all the strains
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Fig.1 Carriage and colonisa-
tion/infection with Pseudomo-
nas aeruginosa on admission
and during hospitalisation of

3009 patients admitted in ICUs
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if this pattern had changed) for at least 1 week. Samples of Smal-
restricted DNA of Staphylococcus aureus NCTC 8325 were includ-
ed in each run as an internal reference. The banding patterns were
analysed by scanning photographic negatives. GelCompar soft-
ware was used for cluster analysis (Applied Maths, Kortrijk, Bel-
gium). Each strain was first compared with all other strains and
the Dice correlation coefficient was used to calculate similarity.
The strains were then grouped and the UPGMA clustering algo-
rithm was used to depict the groups as a dendrogram. Major re-
striction patterns were defined as those differing by more than
three fragments, with a similarity index below 85 %, as described
by Tenover et al. [12].

Results

Endemicity of P, aeruginosa in intensive care units

During the study period, 3009 patients were admitted to
the four ICUs for a total of 31,219 days. In total, 1686
specimens (clinical and screening) testing positive for

P, aeruginosa were taken from 473 patients (Fig. 1). Of
these patients, 212 were colonised/infected and 261
were only carriers. The overall incidence of having at
least one positive specimen was 15.7 cases per 100 pa-
tients and 15.1 cases per 1000 days of hospitalisation.
The incidence of colonisation/infection was significantly
higher [p < 105, RR = 5.12 (3.43-7.64)] in the university
hospital than in the other hospitals, whereas the inci-
dence of carriage was not . The prevalence rate of pa-
tients tested positive upon admission and the incidence
rate of patients with clinical samples tested positive are
reported in Table 1. Figure 1 shows the distribution of
carriage or colonisation/infection with P. aeruginosa of
the study population. The distribution of initial positive
sites is reported in Table 2.

The overall mean length of stay in an ICU before P
aeruginosa carriage or colonisation/infection was ac-
quired was 16.6 days. The frequency of ICU-acquired
P aeruginosa carriage or colonisation/infection 7 and
14 days after hospitalisation was 23.4 % and 57.8 %, re-

Table 1 Prevalence rate of patients tested positive upon admission and incidence of colonisation/infection during the stay according to

the size and type of ICU
Type of ICU Prevalence rate of patient Incidence rate of patients with
(number of tested positive upon admission  clinical samples tested positive (n)
admissions) per 100 patients (n)

Besangon University hospital SICU (841) 2.73 (23) 9.6 (732+8)
MICU (805) 6.71 (54) 14.0 (942+19°)

Vesoul community hospital MICU (656) 4.57 (30) 3.4 (212+1%)

Montbéliard community hospital MICU (707) 212 (15) 0.3 (6%+0°)

Total 4.05 (122) 7.05 (1942+28P)

2 ICU-acquired, ® Upon admission
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Table 2 Distribution of initial sites of carriage and/or colonisation/infection

Site Number of patients Number of patients positive
positive on admission (n)  during hospitalisation (n)

Carriage Rectum 60 158

Respiratory tract? 34 125
Colonisation/infection Broncho-alveolar lavage (with > 10* CFU/ml) 13 15

Urine (with >10° CFU/ml) 6 16

Catheter 1 9

Pus/draining wound 2 8

Blood 2 4

Cerebrospinal fluid 0 2

Superficial swab 4 12

Gynaecological swab 0 2
Total 122 351

* Nasal swab and tracheal aspiration

Table 3 Site of initial colonisation with clones of P. aeruginosa identified by PFGE

Number of carriage or

Site of initial carriage or colonisation/infection

colonisation/infection belonging to

Carriage Colonisation/infection
Intestinal tract Respiratory tract? Both

Unique PFGE pattern (n = 69) 30 38 0 1

Micro-epidemic® PFGE pattern (n = 32) 15 9 1 7

Epidemic® PFGE pattern (n = 66) 26 26 5 9

Major epidemic PFGE pattern (n = 41) 16 11 4 10

Total 87 84 10 27

2 Including broncho-alveolar lavage, tracheal aspiration and nose
> PFGE pattern including two non-replicate isolates
¢ PFGE pattern including more than two non-replicate isolates

spectively. Carriers or colonised/infected patients had a
longer median stay in ICUs than other patients (26.3
versus 7.4 days).

Of the 3009 patients admitted to the ICUs during the
survey, 377 were identified as carriers, 116 of them had
positive clinical cultures later and 104 with identical
PFGE patterns. The sensitivity, specificity, positive and
negative predictive values of epidemiological screening
for the detection of further positive clinical cultures
with identical PFGE pattern were 53.6%, 90.3%,
27.6 % and 96.6 %, respectively.

Routes of colonisation/infection

Of 184 patients with at least one ICU-acquired colonisa-
tion/infection, 104 had previously been identified as car-
riers [63 out of 221 rectal carriage(28.5 %) and 41 out of
156 respiratory tract carriage (26.3 % )] with similar ge-
notypes and 80 patients were not identified as carriers.
Patients colonised by one clone of P. aeruginosa and
with a positive clinical culture (n=12) of a different
clone were considered as not having been previously
colonised.

Seventy-six patients had positive broncho-alveolar
lavage for P. aeruginosa. Of these, 48 had previously
been colonised (24 had respiratory tract colonisation,
20 had intestinal colonisation and 4 had both). In 52
cases (68.4 %) these episodes of broncho-alveolar colo-
nisation/infection were classified as ICU-acquired. Six-
ty-four patients had positive urine samples for P aeru-
ginosa. Of these, 44 had previously been colonised (33
had intestinal colonisation, 14 had respiratory tract col-
onisation and 3 had both). In 50 cases (78.1 %) these ep-
isodes of urinary tract colonisation/infection were classi-
fied as ICU-acquired.

Incidence of cross-colonisation

We identified 208 cases of carriage and/or colonisations/
infections with a single clone, which lasted at least
7 days. These episodes occurred in 193 individual pa-
tients (15 patients were colonised/infected for at least
1 week by two different clones).

The 208 non-replicate isolates typed yielded 101 ma-
jor DNA patterns: 69 unique patterns, 16 patterns in-
cluding two isolates, 8 patterns including 3 isolates, 3
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patterns including 4 isolates, 1 pattern including 6 iso-
lates, 2 patterns including 7 isolates, 1 pattern including
10 isolates and 1 pattern including 41 isolates. The dates
of stay, the location of hospitalisation and transfers of
patients colonised/infected by a strain of P aeruginosa
with a PFGE pattern including 2 or more isolates (32
patterns) are consistent with there being cross-transmis-
sion. Indeed, cross-transmission would have been possi-
ble, in both space and time, for all these patterns except
three. The outbreak involving the epidemic clone, in-
cluding 41 isolates, was reported in a previous paper
[13].

Finally, of the 208 identified cases of colonisation,
107 (51.4%) were acquired via cross-transmission and
the 101 others probably originated from endogenous
sources. The initial positive sites of the 208 clones char-
acterised by PFGE are summarised in Table 3. They
are equally distributed between intestinal and respirato-
ry tract sources. Cross-transmission was significantly
higher [p =0.0002, RR =1.49 (1.17-1.90)] in the SICU
[68.4% (52/76)] than in the MICU [47.8% (44/92) at
Besancon, 36.3%(8/22) at Vesoul and 37.5% (3/8) at
Montbéliard].

Discussion

Pseudomonas aeruginosa has a remarkable ability for
colonising certain subpopulations of patients. Intensive
care units have been clearly established as endemic set-
tings for this pathogen. Several risk factors are signifi-
cantly associated with the acquisition of this bacterium
in ICUs: length of stay [14], extensive use of antibiotics
[15, 16, 17], use of indwelling urinary catheters [17], me-
chanical ventilation [14] and alcoholism [14, 17]. Al-
though colonisation by P aeruginosa frequently pre-
cedes overt infection [17], the original source of the or-
ganism and the precise mode of transmission are often
unclear. Some authors have suggested that endogenous
colonisation occurs rather than exogenous nosocomial
acquisition [8, 9, 18]. However, the environment has
been clearly shown to be a source and to be involved in
horizontal transmission [19]. The relative importance
of different colonisation pathways has rarely been deter-
mined by genotyping.

Comparison of incidence rates with those in other
ICUs is difficult, mainly because of differences in pa-
tient populations. However, the incidences of P. aerugin-
osa carriage and colonisation/infection upon admission
and during hospitalisation are consistent with other
French [20] and European [21] studies. The rate of colo-
nisation upon admission was below 5%, and 74.2% of
carriage or colonisations/infections were ICU-acquired.
The prevalence of carriers may reflect the pressure of
colonisation, which did not differ significantly between
the four ICUs studied here. Thus, the difference in the

incidence of colonisation/infection between the univer-
sity hospital and the other hospitals may be associated
with differences in the two populations (underlying dis-
ease, severity of illness), or with differences in the inten-
sity of care, antibiotic pressure or sampling policy.

The two principal sites of colonisation/infection were
the bronchopulmonary (35.8%) and urinary tracts
(30.2%). These two types of specimen gave highly signif-
icant levels of infection. Screening samples may enable
us to predict further P aeruginosa infection. The speci-
ficity and negative predictive value of screening make
this technique useful for screening cultures. Weekly sam-
pling would appear to be a good compromise between an
additional workload and sufficient sensitivity of the
technique. If these samples are negative, probabilistic
antibiotic treatment could minimise the risk of P. aeru-
ginosa infection and limit the use of anti-pseudomonas
antibiotics. In the absence of a screening programme,
552% (261/473) of all patients tested positive for P
aeruginosa would have remained unknown. Thus, P
aeruginosa clinical cultures do not present the full epide-
miological picture. Surveillance cultures are indispens-
able in epidemiological studies of P. aeruginosa in ICUs.

Our study provides a detailed analysis of colonisation
routes in ICUs. More than half of the ICU-acquired col-
onisations/infections (56.5 %) were preceded by coloni-
sation with a genotypically identical strain. The intesti-
nal tract is regarded as the most important reservoir of
this bacterium [9, 21]. Our observations suggest that
the respiratory tract is also important, and confirm the
lower respiratory tract carriage of P aeruginosa in pa-
tients admitted to ICUs [14]. However, our detection
methods for P. aeruginosa may not be sensitive enough
for rectal swabbing and thus cases of rectal colonisation
may have been missed. Patients may, therefore, have
unidentified intestinal reservoirs responsible for further
respiratory tract colonisations. Thus, the pattern and
the route of tracheobronchial colonisation appear to dif-
fer from those of enteric Gram-negative bacteria. A
screening programme for P aeruginosa carriage in
ICUs must therefore include both rectal and respiratory
tract specimens if it is to identify a large proportion of
the positive patients.

Our findings suggest that cross-colonisation may be
an important means of P aeruginosa colonisation and
infection, although the overall incidence rates do not
suggest the occurrence of an outbreak. Indeed, we iden-
tified an epidemic clone of P. aeruginosa that had been
propagated for at least 30 months in a SICU without sig-
nificant changes in the incidence of colonisation/infec-
tion [13]. The possibility of cross-colonisation in non-ep-
idemic situations has rarely been studied. Bergmans
et al. [21] studied 100 patients admitted to an ICU
ward; cross-colonisation accounted for 50 % of all cases
of acquired P. aeruginosa colonisation, the other 50 %
of patients were probably colonised from endogenous
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sources. Bonten et al. [9] did not find cross-transmission
to be important, with only 8 % (3/44) of patients colon-
ised in this way. The relative importance of endogenous
and exogenous sources of P. aeruginosa is unclear. Our
analysis of cross-transmission is based on the carriage
or colonisation/infection of patients who stayed in
ICUs for a long period (at least 7 days). Length of stay
in ICU is an identified risk factor for P aeruginosa ac-
quisition. Subsequent analysis of the cases depending
on the duration of colonisation may therefore corre-
spond to skewed recruitment. Differences in cross-
transmission rates between the wards studied may be
due to differences in compliance with infection-control
measures, which were not monitored. The epidemic

clone previously described [13] was responsible for
73% of the cases of cross-transmission in the SICU,
which led to an overestimate of cross-colonisation. In
its absence, rates of cross-transmission decreased from
51.4% to 40.1%.

In conclusion, the epidemiological pattern of P. aeru-
ginosa infection and colonisation may be described as a
silent epidemic, similar to those of other nosocomial
pathogens, such as vancomycin-resistant enterococci.
Our results also show that molecular typing is a poten-
tially powerful screening method for continuous quality
improvement. Epidemiological surveillance combined
with PFGE should help to improve the targetting of pre-
ventive strategies.
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