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Abstract

Typing techniques are essential for understanding hospital epidemiol-
ogy, permitting the elucidation of the source of infection and routes of
bacterial transmission. Although DNA-based techniques are the “gold
standard” for the epidemiological study of Pseudomonas aeruginosa,
antibiotic profiles and biochemical results are used because they are
easy to perform and to interpret and relatively inexpensive. Antibiotypes
(susceptibility profiles) and biotypes (biochemical profiles) were com-
pared to genotypes established by DNA restriction enzyme analysis in
81 clinical isolates of P. aeruginosa from three hospitals in Porto
Alegre, Brazil. The epidemiological relationship among patients was
also evaluated. Susceptibility and restriction profiles were discrepant
in more than 50% of the cases, and many antibiotypes were observed
among isolates from the same genotype. Furthermore, susceptibility
profiles did not allow the distinction of isolates from unrelated geno-
types. Since a large number of isolates (63%) yielded the same
biochemical results, only 10 biotypes were detected, showing that this
typing method has a low discriminatory power. On the other hand,
DNA restriction enzyme typing allowed us to establish 71 distinct
types. Epidemiological data about the relation among P. aeruginosa
isolates were not conclusive. The results of the present study indicate
that the only method that can establish a clonal relation is DNA
restriction enzyme typing, whereas the other methods may cause
misleading interpretations and are inadequate to guide proper infec-
tion control measures.
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Introduction

Despite the advances in hospital care and
the introduction of a wide variety of antimi-
crobial agents, Pseudomonas aeruginosa
continues to be a common cause of nosoco-

mial infections. Typing techniques are es-
sential to establish a clonal relationship be-
tween individual isolates in the hospital set-
ting, to recognize outbreaks, and to elucidate
the source of infection (1). Although DNA-
based techniques have been successfully
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applied to the epidemiological study of
P. aeruginosa (2-4), these procedures are
time consuming and expensive and require
specific equipment (5,6). Thus, antibiotic
susceptibility and biochemical tests are usu-
ally employed routinely by clinical laborato-
ries.

Although susceptibility tests provide pro-
files that are used in infection control, in
most cases these data cannot confirm clus-
ters of nosocomial cross-infection or distin-
guish unrelated infections (5,7-9), especially
when multiresistant strains are analyzed
(6,10). However, quantitative analysis of
antibiograms by comparing disk zone sizes
has been considered useful for nosocomial
infection control in a few situations (11).

Biochemical tests in combination with
production of pigment and hemolysis allow
the determination of distinct biotypes.
P. aeruginosa displays a uniform response
to some biochemical tests which are used for
identification purposes. However, the varia-
bility of the response to other tests can pro-
vide different profiles (biotype) that are use-
ful to distinguish clinical isolates. The car-
bohydrates used for typing include galac-
tose, mannose, mannitol and rhamnose,
with utilization rates of 22 to 81% (12).
P. aeruginosa metabolizes carbohydrates by
the oxidative pathway and requires a special
culture medium to be detected. Degradation
of carbohydrates is evaluated by the oxida-
tive-fermentative (OF) medium. However,
the small production of acid by oxidation
can be neutralized by alkali released from
the breakdown of peptone, preventing the
detection of sugar utilization. Therefore, uti-
lization may be better demonstrated in am-
monium salt medium, mainly because of the
lack of peptone in the medium (13). Urea
hydrolysis, which is positive for 43% of
P. aeruginosa strains, and hemolysis on blood
agar, occurring in about half of the clinical
isolates, are other useful biochemical tests
(13). Most P. aeruginosa strains produce
pyocyanin and fluorescein, which gives the

characteristic blue-green color to colonies in
agar cultures. Some P. aeruginosa strains
can produce colonies with distinct color due
to other pigments, or even non-pigmented
colonies (14).

In the present report, 81 clinical isolates
of P. aeruginosa from hospitalized patients
were evaluated for epidemiological related-
ness using two phenotypic methods (antibi-
otic susceptibility and biochemical patterns),
molecular analysis (restriction analysis of
DNA followed by pulsed-field gel electro-
phoresis) and epidemiological information
(date and place of isolation). Phenotypic and
genotypic data were compared to determine
the accuracy of antibiotic profiles and bio-
chemical results were compared to establish
a clonal relationship among clinical isolates
of P. aeruginosa.

Material and Methods

Clinical isolates of P. aeruginosa recov-
ered from patients with non-cystic fibrosis
admitted to three hospitals in Porto Alegre,
Brazil, were analyzed in this study. P. aeru-
ginosa was identified on the basis of produc-
tion of pigment, oxidase, glucose, arginine,
and nitrate, and growth on cetrimide agar
(12).

The susceptibility tests were performed
by the agar disk diffusion method according
to the guidelines of the National Committee
for Clinical Laboratory Standards (15). To
represent the different classes of antimicro-
bial agents commonly used for the treatment
of P. aeruginosa we used amikacin, aztreo-
nam, carbenicillin, ceftazidime, ciprofloxa-
cin, imipenem and ticarcillin-clavulanic acid
(BBL-Becton Dickinson Microbiology,
Cockeysville, Franklin Lakes, NJ, USA).
Differences in the results from susceptibility
to resistance and from resistance to suscepti-
bility obtained with at least one of the agents
characterized a different antibiotype, repre-
sented by a lower case letter. Differences in
the results from susceptibility to intermedi-
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ate, or the contrary, characterized a subtype,
represented by an Arabic number added to
the antibiotype letter.

Biotyping was performed by observation
of hemolysis after growth for 24 h under
transmitted light. Hemolytic isolates were
divided into two groups according to obser-
vation of α or ß hemolysis. Production of
pigment was determined in Mueller-Hinton
medium incubated for 24 h at 35ºC, and
pigmented colonies were classified accord-
ing to their color.

Glucose utilization was first assessed with
OF medium (BBL-Becton Dickinson Micro-
biology) using two tubes, one of them over-
laid with paraffin oil. Carbohydrate degra-
dation was performed using one tube con-
taining OF medium and one containing am-
monium salt sugar medium supplemented
with 1% galactose, mannose, mannitol or
rhamnose. The tubes were incubated up to 4
days before a negative result was consid-
ered. Urea hydrolysis was performed by the
method of Christensen (for a review, see
Ref. 12). Each group of identical results for
pigment, hemolysis, urea hydrolysis and car-
bohydrate utilization was considered to be a
biotype and coded with a number.

Epidemiological relatedness was esti-
mated by geographic and temporal links
among patients from each hospital. Patients
were considered to be related when they
were treated at the same unit and P. aerugi-
nosa was isolated within five days. A rela-
tion number (R) was given to each group of
related patients.

Restriction enzyme analysis of DNA fol-
lowed by pulsed-field gel electrophoresis
was performed as described previously (16).
Briefly, the bacteria were embedded in aga-
rose blocks and digested with the restriction
endonuclease SpeI (Gibco BRL Life Tech-
nologies, Rockville, MD, USA). Electropho-
resis was carried out using a CHEF DR II
apparatus (Bio-Rad, Richmond, CA, USA)
at 14ºC, 5.9 V/cm, for 22 h, with a time
switch of 5 to 50 s. The lambda ladder (48.5

kb; Sigma, St. Louis, MO, USA) was used as
the molecular weight marker. The gels were
stained with ethidium bromide and the im-
age was acquired with a Chemilmager 4000
(Tech Corporation, Minneapolis, MN, USA).
Restriction fragment profiles were compared
visually and the criteria of Tenover et al.
(17) were used to establish relationships
among the isolates. Restriction enzyme anal-
ysis was considered to be the “gold stan-
dard” for these comparisons (2,3).

Results

We analyzed 81 clinical isolates obtained
from patients admitted to three different hos-
pitals between September 1998 and May
1999. Fifty-four percent of the isolates were
obtained from the respiratory tract, 28% from
urine, 6.5% from blood, and 11.5% from a
variety of other sources (catheters, abdomi-
nal secretions, skin).

The susceptibility results allowed us to
establish 26 major antibiotypes, 3 of them
including subtypes, while unique profiles
for the isolate were observed in 18 cases. A
total of 23 (28.4%) isolates were susceptible
to all agents tested, but only 3 were multire-
sistant (Table 1). Isolates were considered to
be multiresistant when they displayed in vi-
tro resistance to all tested agents.

Table 1. Major antibiotypes observed in Pseudomonas aeruginosa clinical isolates.

Antibiotype N % AMI ATM CAR CAZ CIP IMI TIC

a 23 28.4 S S S S S S S
b 3 7.7 R R R R R R R
c* 9 11.1 R S R S R S R
d* 9 11.1 S S I S S S S
e* 9 11.1 S S R S S S S
f 3 7.7 S I R S S S R
g 3 7.7 R S R S R S S
h 2 7.7 I S R S R S R
k 2 2.5 R I R S R R R

Number of isolates = 81. AMI = amikacin, ATM = aztreonam, CAR = carbenicillin,
CAZ = ceftazidime, CIP = ciprofloxacin, IMI = imipenem, TIC = ticarcillin/clavulanic
acid, R = resistant, S = susceptible, I = intermediate.
Asterisks indicate antibiotypes that comprise subtypes.
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obtain positive results was not always the
same. Most isolates were positive for galac-
tose (99%), and only a small number me-
tabolized rhamnose (1%). The results of these
tests provided 10 distinct biotypes. Isolates
that used urea, galactose, mannose and man-
nitol and displayed a green pigment and ß
hemolysis belonged to the more frequent
biotype (63% of the cases).

Epidemiological analysis yielded 13
groups that included a variable number of
patients. Only 2 of these groups (R8, R12)
displayed the same antibiotype (Table 2);
however, the same biotype was observed in
isolates from patients of 9 groups.

A total of 81 isolates of P. aeruginosa
were submitted to DNA restriction enzyme
molecular typing and 71 different DNA pro-
files (genotypes) were observed among them.
Five genotypes were detected in more than
one isolate, and genotype D was observed in
5 isolates (Table 3).

Taking the pulsed-field gel electrophore-
sis profiles as standard, we observed that the
same genotype included several distinct
antibiotypes, with the exception of multire-
sistant isolates from clone B which displayed
the same profile in all methods used. Geno-
type D included five isolates belonging to
distinct antibiotypes and biotypes (Table 3).
However, this profile was also observed in
two other unrelated isolates. It was not pos-
sible to detect the relationship between the
antibiotype and the biotype of the isolates
from this clone (Table 3).

Discussion

DNA restriction enzyme analysis (mo-
lecular typing) demonstrated that most
P. aeruginosa isolates belonged to distinct
genotypes, demonstrating again that this
method had a higher discriminatory power
than the phenotypic methods (antibiotyping
and biotyping).

The susceptibility typing classified many
isolates as antibiotype “a” (fully susceptible to

Table 2. Characteristics of 81 Pseudomonas aeruginosa isolates from
patients with an epidemiological relation.

Epidemiological No. No. of No. of No. of
relation of isolates antibiotypes biotypes PFGE patterns

R1 9 7 5 7
R2 4 3 2 4
R3 4 3 1 4
R4 4 4 4 3
R5 3 3 2 3
R6 3 3 1 3
R7 3 3 1 3
R8 3 1 1 3
R9 2 2 1 2
R10 2 2 1 2
R11 2 2 1 2
R12 2 1 1 1
R13 2 2 1 2

Epidemiological relatedness was estimated by geographic and tem-
poral links among patients from each hospital. For details, see Mate-
rial and Methods. Data are reported as number of distinct profiles
observed in the group. PFGE = pulsed-field gel electrophoresis (DNA
restriction enzyme typing).

Table 3. Characteristics of Pseudomonas aeruginosa with DNA re-
striction enzyme profiles observed in more than one isolate.

Genotype Antibiotype Biotype Epidemiological relation

A m 1 no relation
A p* 1 no relation
B b 1 R12
B1 b 1 no relation
B1 b 1 R12
C k 1 no relation
C1 r* 1 no relation
D s* 6 R1
D d1 9 R1
D f1 1 R1
D t* 7 R4
D m1 5 R4
E q* 1 no relation
E c1 1 no relation

Asterisks indicate that antibiotypes are unique for the isolate.

Production of pigment was observed in
79 of 81 isolates, most of them (82.7%)
displaying the characteristic green color. All
isolates were hemolytic and most of them
demonstrated ß hemolysis (91.3%). The re-
sults of carbohydrate utilization were the
same for both the OF and ammonium salt
sugar media, although the time needed to
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antibiotics); however, all of them displayed
distinct DNA restriction enzyme profiles. In
fact, antibiotype “b” (multiresistant to antibi-
otics) was the only group that included iso-
lates belonging to the same genotype. This
may be due to the difference in the number
of isolates classified into these groups, only
3 isolates in antibiotype “b” and 23 isolates
in antibiotype “a”, and therefore a higher
variability of genotypes would be more likely
to be found in the latter antibiotype.

Although isolates with unique suscepti-
bility profiles displayed distinct genotypes,
the difference in antibiotype may not guar-
antee clonal distinction, as many isolates of
the same genotype displayed distinct sus-
ceptibility profiles, revealing the inadequacy
of antibiotyping for typing purposes, as pre-
viously described (1,5,9).

The inadequacy of antibiotype to confirm
a clonal relation among multiresistant isolates
has been reported (6,10). However, we found
antibiotyping useful since all the multiresis-
tant isolates of this study were included in the
same genotype. The low prevalence of mul-
tiresistant P. aeruginosa observed in our
study (2.4%) may be the factor responsible
for the clonal identity of the isolates.

The low discriminatory power of suscep-
tibility tests is not surprising since the power
of a method is determined by the number of
types defined by it and the relative frequen-
cies of these types (18). Although we ob-
tained a satisfactory number of groups (26
major groups), the heterogeneous distribu-
tion of the isolates in the groups (28.4% in
the same antibiotype) indicated the low dis-
criminatory power of this method.

According to Kiska and Gilligan (12), the
rates of utilization of galactose, mannose,
mannitol and rhamnose by P. aeruginosa
are 81, 79, 68 and 22%, respectively, indi-
cating that these tests may be useful to distin-
guish among clinical isolates. However, in
the present study we observed a more homo-
geneous utilization of carbohydrates than
reported by Kiska and Gilligan (12) and, on

the basis of this result, we classified most
P. aeruginosa into the same group, a fact
indicating the poor discriminatory power of
biotyping.

Phenotypic methods have been used to
screen isolates which may be further typed
by a more discriminatory test (7,11,19,20),
but in the present study we found biotype
and antibiotype to be unsatisfactory for
screening or typing. The combination of the
two methods was also insufficient to estab-
lish a distinction among isolates from differ-
ent genotypes. In fact, failure to obtain good
quality data using phenotypic methods has
been reported previously, also with respect
to isolates from cystic fibrosis patients (1,5,6,
9,10,20,21).

The isolation of the same bacteria from
patients in the same unit may be of help to
detect an outbreak (22). However, data from
our study and others (23,24) indicate that
epidemiological relation among patients is
not adequate to establish cross-transmission
or outbreaks since no clonal relation may be
observed among P. aeruginosa strains from
these patients. We also observed that iso-
lates of the same genotype may be obtained
from unrelated patients, a fact explained by
the environmental contribution as a source
of infection (25). Phenotypic methods (sero-
typing and pyocin typing) and pulsed-field
gel electrophoresis can demonstrate the same
number of identical strains among isolates
from an outbreak, while antibiogram profile
differs significantly (26).

Although DNA restriction enzyme typ-
ing is the “gold standard” for P. aeruginosa
typing, because of the time required for de-
termination, epidemiological and phenotypic
data, mainly susceptibility profiles, are usu-
ally employed to indicate a possible out-
break. However, the present study showed
that these data are not acceptable as a pre-
sumption of relatedness or distinction among
P. aeruginosa isolates, confirming that only
DNA typing can establish a clonal relation.
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