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1. ABSTRACT

Pseudomonas aeruginosa is a serious
opportunistic pathogen in certain compromised hosts, such
as those with cystic fibrosis, thermal burns and cancer.  It
also causes less severe noninvasive disease, such as otitis
externa and hot tub folliculitis, in normal hosts.  P.
aeruginosa is phenotypically very unstable, particularly in
patients with chronic infection.  Phenotypic typing
techniques are useful for understanding the epidemiology
of acute infections, but they are limited by their
discriminatory power and by their inability to group
isolates that are phenotypically unrelated but genetically
homologous. Molecular typing techniques, developed over
the past decade, are highly discriminatory and are useful for
typing strains from patients with chronic infection where

the bacterial phenotype is unstable; this is particularly true
in cystic fibrosis, where patients often are infected with the
same strain for several decades, but the bacteria undergo
phenotypic alteration.  Molecular typing techniques, which
have proven useful in typing P. aeruginosa for
epidemiological purposes, include pulsed field gel
electrophoresis, restriction fragment length polymorphic
DNA analysis, random amplified polymorphic DNA
analysis, repetitive extrapalindromic PCR analysis, and
multilocus sequence typing.  These methods are generally
only available in specialized laboratories, but they should
be used when data from phenotypic typing analysis are
ambiguous or when phenotypic methods are unreliable,
such as in cystic fibrosis.
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2. INTRODUCTION

Pseudomonas aeruginosa is a Gram-negative
bacterial pathogen of tremendous importance because of its
capacity to infect certain compromised hosts.  It is the
leading cause of respiratory tract infections in patients with
cystic fibrosis (CF) (1) and is a prevalent pathogen in
individuals who are neutropenic as a result of cancer
chemotherapy (2, 3) and in patients suffering from thermal
burns (4, 5).  In addition to its capacity to cause devastating
invasive disease, P. aeruginosa also causes less serious,
noninvasive infections in immunocompetent individuals;
examples include otitis externa (swimmer’s ear) (6), hot
foot syndrome (7) and hot tub folliculitis(8).

A universally acceptable explanation for the
success of P. aeruginosa as an opportunistic pathogen has
not been forthcoming, but it appears to be capable of
causing disease for several reasons as follows: (i) it has
several putative virulence determinants which allow it to
breach anatomic barriers (9); (ii) after having invaded, the
bacteria can elaborate additional potential virulence
determinants; (iii) it is resistant to a wide range of
antimicrobial agents and disinfectants, allowing it to
survive under conditions averse to other bacterial species
(10); and (iv) it is hydrophilic and has to capacity to reside
in a wide range of ecological niches  (11).  This last
characteristic puts P. aeruginosa at a particular advantage
over other opportunistic pathogens as it often finds itself
“in the right place at the right time” allowing it to take
advantage of compromised immunity and cause disease in
vulnerable hosts.

P. aeruginosa can be recovered from a wide
range of environmental sources, but it is particularly
prevalent in moist places (11).  The organism is highly
versatile, and can adapt to diverse environmental niches.  It
is this versatility that equips it so well for infection in
compromised hosts.  For instance, the bacterial phenotypic
changes that are seen during chronic infection in patients
with CF may reflect similar morphological adaptations that
have evolved for survival under conditions of nutrient
limitation in aquatic environments (12).

Natural environments from which P. aeruginosa
can regularly be recovered include (but are not limited to)
the following: seawater near sewage outfalls, polluted
rivers, domestic drinking water, sink drains (particularly
those in hospitals), toilets, showers and hot tub
recirculation tubing.  Non-aqueous environmental sources
include soil – particularly in the rhizosphere (the area
immediately proximate to plant roots and tubers) – and
from a wide range of raw vegetables (11).

Whereas P. aeruginosa can readily be recovered
from the natural environment, it is rarely found colonizing
healthy humans.  Indeed “colonization resistance” is a
characteristic of the normal human gastrointestinal tract
(13); colonization of the gut can usually be achieved only
after the GI flora has been perturbed by administration of
antibiotics, such as ampicillin and orally nonabsorbable
aminoglycosides (14).  Similarly, the bacteria are not found

under normal conditions in the respiratory tract.  Patients at
risk for lower respiratory tract infection with P. aeruginosa
include those receiving mechanical ventilation and those
with CF; in both cases the adhesion of P. aeruginosa to
respiratory tract epithelium appears to be enhanced (15,
16).

Antibiotic resistance is a feature common to all
P. aeruginosa strains (10).  Resistance is both intrinsic and
inducible.  The former is due to relative impermeability of
the outer membrane, and the latter may emerge during
therapy.  Development of resistance during infection is a
particular problem in patients with CF who often require
prolonged and repeated courses of antibiotic therapy.
Induction of resistance during therapy renders the antibiotic
susceptibility profile relatively unreliable as an
epidemiological tool (17).

Because of the burden of infection of this
important pathogen and its apparent ability to cause
nosocomial infections, substantial attention has been
addressed to its epidemiology both within and outside
hospitals.  Any epidemiological studies are only as good as
the typing methods employed.  The purpose of this review
is to discuss the various typing methods which have been
used to evaluate the epidemiology of P. aeruginosa and to
focus on newer methods which use genetic technology.

3. INFECTIONS CAUSED BY PSEUDOMONAS
AERUGINOSA

3.1. Cystic fibrosis
CF is an inherited defect, effecting predominantly

Caucasians.  Patients have a mutation in the gene encoding
the cystic fibrosis transmembrane conductance regulator, a
chloride channel; as a result, respiratory secretions are
abnormal and the endobronchial space is highly susceptible
to infection with P. aeruginosa.  By the time CF patients
reach adulthood, approximately 80% are chronically
infected with P. aeruginosa.  Most patients remain infected
with the same strain of P. aeruginosa (18), although
transient infection has been described.  During the course
of infection, the bacteria undergo a phenotypic evolution
from rough to smooth lipopolysaccharide (LPS) (19),
nonmucoid to mucoid colonial morphology (20), motile to
nonmotile (21), highly toxigenic to less toxigenic (22),
relatively antibiotic susceptible to highly resistant, and
serum resistant to serum sensitive (19).  This phenotypic
plasticity on the same genetic background renders typing
by phenotypic means very misleading.

3.2. Sepsis in compromised hosts
Normal hosts are highly resistant to invasive

infection with P. aeruginosa, indicating an important role
for intact host defense mechanisms.  Polymorphonuclear
leukocytes play an essential role in defense against these
bacteria as demonstrated by the high risk of Pseudomonas
septicemia in patients with depressed neutrophil counts
(23).  Patients with malignancies undergoing cancer
chemotherapy are at particularly high risk for septicemia
with P. aeruginosa (3, 24).  Strains of P. aeruginosa
recovered from  neutropenic hosts (in contrast to those
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from patients with CF) usually have a smooth LPS and are
nonmucoid.  Typing methods based upon phenotypic
characteristics appear to be useful in this patient
population, but newer genetic techniques provide a higher
degree of discriminatory power (25).

3.3. Burn wound infections
Patients with burns are at extraordinary risk of

acquiring P. aeruginosa infection of the thermal wound
with subsequent septicemia and death (5).  Whereas defects
in systemic immunity have been documented in burned
individuals, the primary host defense defect appears to be
loss of the integrity of the skin. Since P. aeruginosa is a
hydrophilic organism with the capacity to survive in
numerous aqueous environments (including water and
liquid disinfectants), it can easily be introduced into skin
wounds in patients recovering from thermal burns.  Its high
level intrinsic resistance to antimicrobial agents enhances
its selection in the hospital environment where heavy
antibiotic pressures exist.  For all these reasons, P.
aeruginosa is a scourge of hospital burn units and
substantial efforts are taken to prevent its emergence.

3.4. Superficial infections
Whereas serious, life threatening, invasive

infections with P. aeruginosa occur in compromised hosts,
superficial infections are regularly documented in
individuals with normal host defenses.  As a hydrophilic
organism, it preys on hosts exposed to certain sources of
fresh water.  P. aeruginosa can survive at temperatures up
to 420C, putting users of hot tubs at risk (8).  Indeed hot tub
folliculitis is usually caused by P. aeruginosa.  Otitis
externa (swimmer’s ear) is a problem in children who
spend a great deal of time in fresh water swimming pools,
and the predominant etiologic agent is P. aeruginosa.  Hot
foot syndrome is another superficial infection with P.
aeruginosa to which swimmers are susceptible (7).

4. PHENOTYPIC TYPING METHODS

Methods for typing P. aeruginosa based on
phenotypic (physical) features have been available for
many years and have been successfully used to investigate
numerous outbreaks of infection.  However, the phenotypic
plasticity of P. aeruginosa has rendered such methods
impractical in situations where patients are infected for
prolonged periods of time, such as in CF; under such
situations, the organisms have ample opportunity to adapt
to their mammalian environment and change their
phenotype without altering their genetic background.
Genotypic methods are therefore preferable to phenotypic
ones for typing isolates from patients with chronic
infection.

4.1. Lipopolysaccharide (LPS) serotyping
LPS serotyping has been a mainstay of

epidemiological investigation of P. aeruginosa for several
decades (26, 27).  This method is based upon identification
of differences in the O-polysaccharide of LPS with up to 17
different antisera.  These antisera are usually polyclonal
antibodies from animals such as rabbits.  The antisera are
able to agglutinate P. aeruginosa in a type-dependent

fashion, but the system relies upon a well-developed O-
polysaccharide moiety in the bacterial LPS.  This method
fails when the strains have a rough O-polysaccharide, as is
typical of isolates from patients with CF (19). Isolates from
patients with CF are often “polyagglutinable” as they can
be agglutinated by multiple sera, each of which recognizes
common features of the exposed core of the LPS molecule.
Furthermore, the results of serotyping CF isolates can be
very misleading, as apparent clonality may simply reflect
the greater capacity of one of the multiple antisera to most
avidly recognize the core region of rough LPS; this results
in apparent clustering of isolates of one clone, when no
such cluster exists.  LPS serotyping is also of limited
discriminatory power, as there are no more than 17
potential types which can be identified (27). Despite these
weaknesses, LPS serotyping has been employed with great
success to answer a wide range of questions about the
epidemiology of P. aeruginosa.  It is a simple method and
one which can be used by any diagnostic microbiology or
infection control service.

4.2. Other phenotypic typing methods
A wide array of methods have been used to type

P. aeruginosa for epidemiological investigations.  Each
method has unique characteristics, strengths and
weaknesses, but all suffer from their inability to circumvent
the challenge presented by the phenotypic plasticity of P.
aeruginosa. Phenotypic methods which have been reported
for typing P. aeruginosa include phage, pyocin and
antimicrobial susceptibility typing.  In a large multicentered
typing study, these different methods were compared for
their capacity to reproducibly type 200 different strains of
P. aeruginosa from a wide range of clinical and
environmental sources (25).  For strains other than those
from patients with CF, LPS serotyping using commercial
reagents provided the most reproducible and discriminatory
results.  For CF strains, genetic typing methods were
required.

5. GENOTYPIC TYPING METHODS.

Molecular typing techniques embody most
attributes one would seek for epidemiological
investigations as follows: reproducibility, sufficient
discriminatory power to differentiate among strains not
epidemiologically related, and the ability to characterize as
similar isolates from the same source.  The discriminatory
power must be high enough to differentiate among
unrelated strains, but not so great as to define isolates of
common lineage (but minor genetic variation) as unrelated.
Further attributes of the ideal typing system include ease of
use, low cost and unambiguous interpretation of derived
data.  Many different methods are available for molecular
typing of bacteria, based upon analysis of the entire genome or
portions thereof.  Whereas, multiple methods have been used,
discussion will be limited to the five methods that have been
widely used for typing P. aeruginosa.

5.1. Restriction Fragment Length Polymorphism
(RFLP)

This was the first method to be widely used for
typing strains of P. aeruginosa from patients with CF (28).
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Genomic DNA is extracted from the bacterium of interest,
digested with one of several restriction enzymes, and the
DNA fragments are then separated by electrophoresis.  A
radiolabelled probe, directed to a specific portion of the
bacterial genome, is then added, and a hybridization
reaction is carried out.  The most discriminatory probes are
those which react with a hypervariable portion of the
bacterial genome.  In the case of P. aeruginosa, the most
informative data have been derived from studies in which a
probe “upstream” from the gene for exotoxin A (exoA) was
used (28).  This method with the exoA probe has proven to
be very useful in characterizing the molecular
epidemiology of P. aeruginosa, but it has been largely
supplanted by pulsed field gel electrophoresis and random
amplified polymorphic DNA analysis.

5.2.Pulsed Field Gel Electrophoresis (PFGE)
This method evaluates genetic polymorphisms

within the entire bacterial genome by “macrorestriction.”
Genomic DNA is extracted and then digested with rare-
cutting restriction enzymes which break the DNA into large
fragments (29).  These fragments are then separated using a
highly specialized electrophoresis apparatus to allow the
large fragments to migrate through the gel.  The DNA
fragments are then stained and the pattern examined by eye
or by computer-assisted methods.  This method has proven
to be very effective for typing P. aeruginosa, providing a
high degree of discrimination among strains.  Whereas it is
a very powerful epidemiological tool, the method suffers
from labor-intensity and the need for using sophisticated
electrophoresis equipment which is only available in
specialized laboratories.

5.3. PCR-based methods
5.3.1. Random Amplified Polymorphic DNA (RAPD)
analysis

This polymerase chain reaction (PCR)-based
method is a simplified means by which one can gain a
“snapshot” of the entire bacterial genome (18). A short
PCR primer (usually about 10 bases) is used to amplify
random sections of the bacterial genome. The amplified
DNA segments are then separated by electrophoresis,
stained and analyzed by eye or computer as for PFGE.
Further discrimination among isolates is possible by using
different PCR primers and/or digesting the PCR
amplification products with restriction enzymes.  This
method is simpler and less labor-intensive than PFGE.
However it suffers from lack of reproducibility in some
hands.  It is most reproducible if performed repetitively
under identical conditions with the same equipment and the
same operator, and if it is run on a regular rather than a
sporadic basis.

5.3.2. Repetitive Extrapalindromic PCR (REP-PCR)
This is another PCR-based fingerprinting method

which is analogous to RAPD except that the short primers
used to amplify the fingerprint are targeted at known DNA
sequences which occur at multiple positions in the bacterial
genome.  The sequences are known as repetitive
extrapalindromic DNA and the fingerprinting method has
become known as REP-PCR (30). The method is now
available commercially (Bacterial Bar Codes Inc;

http://www.bacterialbarcodes.com/) and may offer some
advantages to diagnostic laboratories since it is readily
available, standardized and highly reproducible.

5.4. Multilocus Sequence Typing (MLST)
The most precise differences among bacterial

isolates are determined by directly sequencing the genomic
DNA.  Sequencing of the entire genome is impractical;
therefore a method has been developed to sequence the
PCR amplified segment of a highly variable region (31).
This method is very discriminatory among strains but
requires technical sophistication which is beyond the
capability of most diagnostic laboratories. MLST schemes
for P. aeruginosa are being investigated by several
laboratories, but working systems are currently not
available.

6. EPIDEMIOLOGY OF P. AERUGINOSA IN
PATIENTS WITH CYSTIC FIBROSIS

Patients with CF harbor very high densities of P.
aeruginosa in their sputa, and once infected, they often
retain the same bacterial strain for life (18).  Since CF
patients cough frequently and are often in close contact
with one another, the likelihood of patient-to-patient
transmission would logically be very high.  The actual risk
of transmission of P. aeruginosa among patients with CF
has been very difficult to gauge in the past because of the
imprecision of phenotypic typing methods.  However, with
the advent of the genotypic methods described above, there
has been substantial interest lately in determining the risk
of spread among patients within or outside hospitals.
Determination of patient-to-patient spread of a chronic
infectious agent, in which the date of acquisition cannot be
determined reliably, presents great epidemiological
challenges.  Identification of a clonal cluster does not
necessarily imply patient-to-patient spread, but could
instead result from exposure to a common source.
Furthermore, the logistics and cost of genotypic analysis of
a large collection of isolates from any given CF center is
beyond the means of routine microbiology and infection
control units.  Therefore, surveys conducted to determine if
nosocomial or other spread has occurred in a particular
center has been dependent upon the expertise of local
investigators with particular interest in the epidemiology of
P. aeruginosa in CF.

6.1. Evidence for patient to patient spread
As described above, P. aeruginosa has remarkable

phenotypic plasticity.  Therefore, recognition of a potential
cluster of a single clone within a CF center might only be
suggested by an unusual phenotypic trait, such as a rare
pigmentation or a novel antimicrobial susceptibility profile.
Indeed clusters of P. aeruginosa in different CF centers
have recently been suggested by such phenotypes and
clonality substantiated by genotypic methods.  The first
such clearly documented “epidemic” in a CF center was
reported from Liverpool, United Kingdom by Cheng and
colleagues (32).  The epidemic was considered after the
appearance of a high number of P. aeruginosa isolates
resistant to ceftazidime and other beta-lactam antibiotics
among the patients in the CF clinic population. Clonality
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was confirmed by pulsed field gel electrophoresis and by
assessment of flagellin gene polymorphisms by
amplification of the whole gene and restriction enzyme
digestion.  A subsequent epidemic was also reported from
the United Kingdom (33).  Again this epidemic was
suggested by the emergence of a phenotypically unusual
lineage with a discrete antimicrobial susceptibility pattern.
Confirmation of clonality was obtained by genetic
fingerprinting. These two epidemics and another one from
Sydney Australia (D. Armstrong and K. Grimwood,
personal communication) illustrate the potential for patient-
to-patient spread of P. aeruginosa in CF. However, it
seems most likely that the majority of infections with P.
aeruginosa in CF are acquired from widely disseminated
environmental sources.

6.2. Evidence against patient to patient spread
 There is a dearth of reports of lack of transmission of

P. aeruginosa; this may be due to a number of factors, but
is probably a result of simple lack of reporting of
“negative” studies or – more likely – due to lack of looking.
Documentation of the epidemiology of P. aeruginosa in
any CF center depends upon active surveillance using
genetic typing techniques.  These techniques are expensive
and only provided by highly specialized laboratories.
Unless a concern has been raised about the spread of P.
aeruginosa among patients with CF within a specific clinic,
it is unlikely if genetic epidemiological typing would be
performed.

Studies in Vancouver have been conducted since 1981
in an effort to determine the means by which P. aeruginosa
is acquired by patients with CF.  The first study was
performed in a summer camp in 1981 (34), and failed to
demonstrate transmission of any strains of P. aeruginosa
from one patient to another.  Indeed there were no
documented new acquisitions of the organism during the
camp period.  That study was performed prior to the
general availability of genetic typing techniques.

A subsequent study was performed in an effort to
determine if P. aeruginosa could be spread from one CF
patient to another as a result of sharing a hospital room
during therapy for a pulmonary exacerbation (35).
Transient apparent cross-infection was identified in three of
seven hospital roommates studied, by comparing the isolate
from the “donor” and the “recipient” by LPS serotyping.  In
none of those situations was cross-infection durable.
Furthermore, when the isolates were later evaluated by
RAPD and by PFGE, it was found that each pair was
composed of different strains, and therefore did not support
the earlier suggestion of even transient cross-infection
(unpublished observation).

To determine if there has been inapparent cross-
infection in any of the Vancouver CF clinics, we conducted
a study of all patients from whom P. aeruginosa had been
recovered between 1981 and 1999 (36).  Multiple isolates
from 174 patients were analyzed by RAPD and PFGE.
There was no evidence of cross-infection except in ten of
12 sibships and in one pair of unrelated patients.  Similarly,
lack of apparent patient-to-patient spread has been reported

from surveys in Colorado (28) using RFLP analysis and
from Brazil (37) using PFGE.

6.3. Rational infection control practices based upon
local epidemiology

In order to ascertain the potential risk of patient-
to-patient spread of P. aeruginosa in CF clinics in which
there is no evidence of the emergence of a unique
phenotypic clone, active surveillance is required.  Such
surveillance is expensive, labor-intensive and therefore
impractical in most centers.  Indeed active surveillance
using genetic fingerprinting techniques is only carried in
centers where the epidemiology of P. aeruginosa in CF is
of particular research interest. The risk of spread of P.
aeruginosa is likely variable among centers.  Differences
could be due to heterogeneity of strain types infecting
patients in those centers or to the nature of the standard of
care and the nature of the facility within which the care is
delivered. Further studies are clearly needed to define
strategies to prevent the potential spread of P. aeruginosa
from one CF patient to another.  Until the risk of patient-to-
patient spread has been defined and the means by which the
bacterium is acquired by patients with CF is determined,
infection control strategies should be consistent with local
experience.

7. EPIDEMIOLOGY OF P. AERUGINOSA IN OTHER
MEDICAL CONDITIONS

7.1.Burn Wound Infections
The skin provides a highly effective barrier

against infection with environmental organisms.  This truth
is clearly supported by the risk of invasive infection with P.
aeruginosa in patients who have sustained thermal burns
(5).  Such patients are at risk for infection with a number of
different bacterial pathogens, but the most problematic in
many burn wound treatment centers is P. aeruginosa.  The
likelihood of infection and the severity of infectious disease
in burned patients is directly proportional to the extent of
the burn.  Topical antibiotic therapy has reduced but not
eliminated the risk of infection (5), and P. aeruginosa
remains problematic because of its high intrinsic resistance
to a wide range of antimicrobial agents.

A clearer understanding of the epidemiology of
P. aeruginosa infection in burn units has been facilitated by
the advent of molecular typing techniques.  Clonal clusters
have alerted the responsible physicians to an epidemic and
investigation of possible sources undertaken.  Molecular
methods which have been used include PFGE (38) and
RAPD (39).  Using molecular techniques (39) and
phenotypic methods (40), epidemic spread of P. aeruginosa
was documented in a burn unit and traced to moist
environments such as hydrotherapy tanks or irrigation
tubing (41). If P. aeruginosa is recovered from cutaneous
lesions or from normally sterile sources (such as blood) of
multiple patients in a burn unit, an epidemic should be
considered.  Isolates from each of the patients should be
evaluated for clonality by a genetic fingerprinting
technique, such as PFGE or RAPD.  If a clonal cluster is
identified, the source should be identified immediately and
strategies for decontamination instituted.
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7.2.Ventilator-associated pneumonia
P. aeruginosa is a very unusual commensal

organism in the upper respiratory tract, but it can be
commonly recovered from individuals who are receiving
intensive care, particularly if they are dependent upon
mechanical ventilation.  Respiratory tract infection appears
to be facilitated by adhesion of bacteria to respiratory tract
epithelial cells; P. aeruginosa is relatively resistant to
adhesion to such cells because of the presence of
fibronectin on their surface (42).  During hospitalization in
intensive care, patients apparently lose fibronectin from the
surface of their respiratory tract epithelial cells, and
adhesion of P. aeruginosa is facilitated (15).  It is quite
possible that this alteration in the local environment in the
upper respiratory tract sets in motion a chain of events
which results in pneumonia.  The presence of an
endotracheal tube interferes with the normal capacity of
tracheal epithelial cells to evacuate inhaled bacteria.  The
presence of P. aeruginosa in the upper airway coupled with
compromised tracheal toilet, may conspire to facilitate the
development of ventilator associated pneumonia (VAP).
Conditions which predispose to VAP include duration of
time in intensive care, mechanical ventilation and prior use
of antibiotics (43).

P. aeruginosa is one of the leading causes of
VAP, and the prognosis is poor (44-46). The origin and
potential for patient-to-patient spread of P. aeruginosa in
intensive care units has been investigated using molecular
typing techniques.  Most studies have demonstrated
multiple clonal types of P. aeruginosa and argue against
patient-to-patient spread as a common cause for
acquisition.  However, patients in an intensive care unit
have been found to share a specific strain, suggesting
patient-to-patient spread (47).  One would anticipate that
such spread would result from the shared use of
contaminated respiratory care equipment or on the hands of
hospital care givers.  After initial colonization, the most
likely source of lower respiratory tract disease appears to
be auto-infection.  The bacteria usually first appear in the
respiratory or gastrointestinal tract (47), either by
exogenous introduction or by selection during antibiotic
therapy. “Contamination” and infection of the lower
respiratory tract may subsequently occur because of failure
of the normal mucociliary elevator.  Molecular methods for
investigating the epidemiology of P. aeruginosa in
intensive care units and as the cause of VAP include PFGE
and RAPD (47-51).  Most studies indicate that patient-to-
patient spread is the exception rather than the rule and that
endogenous infection is usually responsible.

7.3.Cancer and neutropenia
Neutrophils play a critical role in defense of the

normal host against infection with P. aeruginosa; this fact
is dramatically illustrated by the vulnerability of
neutropenic hosts to invasive Pseudomonas infection (23).
Patients with cancer who are receiving oncolytic
chemotherapy are at particular risk for invasive infection
with P. aeruginosa, and molecular epidemiology has been
employed to determine the route of acquisition and
infection.  Animal models have also been developed to gain
a clearer understanding of the pathogenesis of infection in

these vulnerable hosts.  It appears that the usual route of
infection is endogenous from a gastrointestinal source (52).
As discussed above, the normal host is resistant to
colonization with P. aeruginosa, and very few healthy
individuals carry the organism as part of their normal GI
flora (13).  However, therapy with antibiotics can perturb
the normal gut flora, diminish the state of “colonization
resistance” and allow P. aeruginosa to gain a foothold (13).
Once P. aeruginosa has colonized the intestinal tract, it is
poised to cause bacteremia and sepsis after breaching the
epithelial barrier.  Certain microbial products, such as those
secreted by the type III system are actively exported to
enhance epithelial cell transmigration and bloodstream
invasion (53).  Neutropenic hosts are severely compromised in
their capacity to deal with the bacteria after they have invaded
the bloodstream, and fatal disease frequently ensues (2).

Prospective studies have demonstrated that P.
aeruginosa infection in neutropenic hosts usually emerges
from an endogenous source in the gastrointestinal tract.  A
study reported in 1985, demonstrated that most leukemic
patients who acquire P. aeruginosa bacteremia, carry the
same strain in their gastrointestinal tract prior to
development of invasive disease (52).  The likelihood of
developing Gram-negative bacteremia was correlated with
neutropenia.  One would expect that these data would be
confirmed if molecular epidemiological techniques were
applied for comparing intestinal and bloodstream isolates
of P. aeruginosa from the same patient.

8. CONCLUSIONS

Molecular tools have aided in the understanding
of the epidemiology of P. aeruginosa infections. Phenotypic
methods have been of limited value in situations where P.
aeruginosa undergoes physical change during chronic
infection; this is particularly true in patients with CF who often
are infected with the same strain of P. aeruginosa for decades.
Molecular methods are highly discriminatory, permitting
differentiation among many strains which might be considered
to be identical by methods such as LPS serotyping in which no
more than 17 types can be identified.  Whereas molecular
methods are very useful in investigating the epidemiology of
P. aeruginosa, they are labor-intensive, available only in
specialized laboratories and susceptible to lack of
reproducibility.  Nonetheless, methods such as PFGE are now
considered the “gold standard” for investigation of possible P.
aeruginosa epidemics, particularly among patients with CF.
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