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Typing of Pseudomonas aeruginosa in cystic
fibrosis patients: comparison of genotype and
antimicrobial susceptibility

Tipizacija Pseudomonas aeruginosa pri bolnikih s cisti¢no fibrozo:
primerjava genotipa in obcCutljivost za protimikrobna zdravila

Viktorija Tomic, Viktor Ursic

Abstract

Background: The aim of our study was to deter-
mine the genotypes and antimicrobial suscepti-
bility profiles of Pseudomonas aeruginosa isolates
of cystic fibrosis (CF) patients.

Methods: We included 18 P. aeruginosa isolates
from 10 patients treated as in-patients or out-
patients at University Clinic of Respiratory and
Allergic Diseases Golnik between 1 January 2006
and 31 December 2008.

Results: We determined 8 pulsotypes of P. aeru-
ginosa. Pulsotypes A and C had 4 subtypes each.
Different antimicrobial susceptibility patterns
were observed in isolates with closely related
macrorestriction profiles.

Conclusions: We conclude that at a given time,
patients with CF attending our clinic were colo-
nized or infected with phenotypically and geno-
typically distinct strains of P. aeruginosa.

Izvlecek

Izhodis$ce: Namen nase raziskave je bil ugotoviti
genotipe in obcutljivost za izbrane antibiotike izo-
latov bakterije Pseudomonas aeruginosa, ki smo
jih osamili pri bolnikih s cisti¢no fibrozo (CF).

Metode: V raziskavo smo vkljucili 18 izolatov
bakterije P. aeruginosa, ki smo jih osamili pri 10
bolnikih, zdravljenih ambulantno ali v Bolni$ni-
ci Golnik - Klini¢ni oddelek za plju¢ne bolezni
in alergijo — v obdobju 1.1.2006-31.12. 2008.

Rezultati: Ugotovili smo 8 pulsotipov bakterije
P aeruginosa. Pulsotipa A in C sta vsak imela 4
podtipe. Pri izolatih s tesno sorodnimi pulsoti-
pi smo ugotovili razli¢ne profile obcutljivosti na
antibiotike.

Zakljucki: V preu¢evanem obdobju so bili bol-
niki s CF kolonizirani ali okuZeni s fenotipsko in
genotipsko raznolikimi sevi bakterije P. aerugi-
nosa.

Introduction

Cystic fibrosis (CF) is a hereditary multi-
system disorder characterized by chronic
pulmonary infection, pancreatic insufhi-
ciency, hepatobiliary disease, impaired fer-
tility and increased sweat chloride content.
The disorder is due to mutations in cystic
fibrosis transmembrane conductance regu-
lator (CFTR). Chronic pulmonary infection
is the major cause of morbidity and mortal-
ity in CF. One of the first pathogens infect-
ing the airways of CF patients for extended
periods is Staphylococcus aureus.' Later in
their teens and through adult life Pseudomo-
nas aeruginosa becomes the predominant
pathogen chronically colonizing airways
of CF patients.>* The organism is a Gram-
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negative, non-fermentative, aerobic bacillus
belonging to the family Pseudomonadaceae.
P, aeruginosa is a facultative anaerobe which
can survive within the relatively hypoxic
lungs of CF patients. During early stages of
P. aeruginosa colonization / infection in pa-
tients with CF the bacteria are usually not
mucoid, but when the condition becomes
chronic the bacteria change to a mucoid
phenotype and form biofilms. One inter-
esting property of the P. aeruginosa strains
found in the lungs of CF patients, which dif-
ferentiates them from strains found in other
clinical conditions, is that they are unusually
hypermutable.*®

P. aeruginosa is widespread in the natu-
ral environment and it is believed to be the
most common source of colonization / in-
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Figure1: Digitized PFGE
patterns and dendrogram
of P. aeruginosa
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fection in CF patients. However, cross-in-
fection is possible between related as well as
unrelated individuals and has been reported
with increased frequency.®™"*

In the study presented here, we set out
to establish the genotypes of P. aeruginosa
strains colonizing / infecting the CF patients
treated at our institution. For this purpose
we employed pulsed-field gel electrophore-
sis (PFGE), which achieved widespread rec-
ognition as the »gold standard« for P. aeru-
ginosa DNA typing.'>"?

Methods

The 18 isolates of P aeruginosa were
isolated from expectorations of 10 patients
treated as in-patients or out-patients at the
University Clinic of Respiratory and Al-
lergic Diseases Golnik between 1 January
2006 and 31 December 2008. All pheno-
typically different isolates from each patient
were tested. Any difference in the colour of
colonies (green, yellow-green, blue-green,
brown), mucoid / non-mucoid and presence
/ absence of beta-haemolysis was regarded
as phenotypical difference. The group of pa-
tients comprised 1 male and 9 females, their
ages ranging from 13 to 41 years (mean age
21.9 years). Sputa were plated onto enriched
blood agar, BD BBL CHROMagar™ Orien-
tation (BD, Sparks, USA), and Burkhold-
eria cepacia agar (Oxoid, Basingstoke, GB)
and the plates were incubated at 37°C for
24 hours. Identification was achieved by API

CTX CRO CAZ IMP AN CIP
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GN (bioMerieux, Marcy I'Etoile, France)

or BD BBL Crystal™ E/NF ID system (BD,
Sparks, USA). From laboratory records we
retrieved susceptibility data of bacterial iso-
lates to the following 6 antimicrobial agents:
cefotaxime, ceftriaxone, ceftazidime, imi-
penem, amikacin and ciprofloxacin. Rou-
tine susceptibility testing was performed
according to CLSI standards.'* Only inhi-
bition zones indicating full resistance were
taken into account to define antimicrobial
resistance profile. Isolates were stored in
Cryobank tubes (Mast Diagnostica, Rein-
feld, Germany) at -70 °C. For PFGE analysis
bacterial cells were grown on a nutrient agar
overnight at 37 °C. The plugs were made by
suspending organisms in 0.5 mL SE buffer
(75 mM NaCl, 25 mM EDTA) to a turbidity
of 2.5 McFarland and mixing the suspension
with 2% low-melting-point agarose. The
plugs were incubated overnight at 37 °C with
Gram-positive lysis buffer (6 mM Tris-HCI,
100mM EDTA Na,, 1 M NaCl, 0.5%(w/v)
Brij 58, 0.2% (w/v) sodium deoxycholate,
0.5 % lauroyl sarcosine, pH 7.5) with 0.5 mg/
mLlysozyme added. After removal of Gram-
positive lysis buffer the plugs were incubated
with Gram-negative lysis buffer (1% (w/v)
lauroyl sarcosine, ;500 mM EDTA Na, pH
9.5) with 500 pg/mL proteinase K at 56°C.
The plugs were washed three times with
TE buffer (1o mM Tris-HCI, 10 mM EDTA
Na,, pH 7.5) for 30 minutes at 4 °C. Genomic
DNA was digested with Spel (MBI Fermen-
tas, Vilnius, Lithuania) and macrorestric-
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Table 1: Demografic data of CF patients with pulsotypes and antimicrobial susceptibility profiles

Sex/age

1 F/27
2 F/15
3 F/16
4 F/41
5 F/21
6 F/20
7 M/13
8 F/33
9 F/20
10 F/14

PFGE
pulsotype
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Legend: S —susceptible, | —intermediately resistant, R — resistant

tion fragments were separated by PFGE on
a CHEF Mapper apparatus (Bio-Rad Labo-
ratories) in a 1.2 % agarose gel run in 0.5X
TBE buffer. The gel run was performed at
6Vcm™ for 30 hours at 12 °C with initial time
pulse of 1 s and final pulse time of 59 s. The
Lambda Ladder PFGE marker was used as
a molecular weight marker (New England
BioLabs, Inc., Ipswich, USA). The gel was
stained with ethidium bromide, visualized
in transiluminator, and photographed. A
TIFF image of gel was created and entered
into a database in BioNumerics 5.10 soft-
ware (Applied Maths, Sint-Martens-Latem,
Belgium). The percent relatedness was cal-
culated by use of the Dice coefficient, and
the unweighted pair group method with
arithmetic averages was used for clustering
to produce a dendrogram with band opti-
misation setting of 4 % and a band position
tolerance of 1% and optimization of 1%. A
visual analysis by the method of Tenover
et al. was also performed.'® Strains with up
to three band differences were considered
closely related, strains with four to six band
differences were considered possibly related,
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Antimicrobial susceptibility pattern
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and strains with greater then six band differ-
ences were considered unrelated.

Results

PFGE analysis carried out with 18 iso-
lates from 10 patients resulted in 17 to 23
bands. The dendrogram produced with
BioNumerics 5.10 software (Fig. 1) showed
rates of genomic similarity ranging from
24.9 to 95.8 %. There were no two identical
strains found. Greater then 80 % similarity
was observed between 10 isolates (55.5 %)
of 5 patients (between isolates of patients 1
and 2, and between isolates of patients 4, 5
and 6), which corresponds to fewer then six
fragment difference in restriction patterns.
More then 90 % similarity was observed
between two isolates of patient 2 as well as
two isolates of patient 4, which also showed
more then 9o % similarity with one isolate
of patient 5. The isolates from the rest of the
patients showed only 24.9 to 63.1% similar-
ity of macrorestriction patterns. Patient 8
was colonized / infected with two unrelated
strains. The isolates showed resistance pro-

625



IZVIRNI CLANEK/ORIGINAL ARTICLE

626

files ranging between none and 5 antimicro-
bial agents. The percentage of resistance to
cefotaxime, ceftriaxone, ceftazidime, imipe-
nem, amikacin and ciprofloxacin was 55.5 %,
44.4 %, 16.6 %, 27.7 %, 16.6 %, and 11.1 %, re-
spectively. Demographic data, PFGE pulso-
types and antimicrobial susceptibility pro-
files are shown in Table 1.

Discussion

Many schemes for the typing of P. aeru-
ginosa have been developed. These include
PFGE, ribotyping, PCR-based fingerprint-
ing, and MLST.'®"” In this study we deter-
mined PFGE macrorestriction patterns and
susceptibility profiles for 6 antimicrobial
agents of P. aeruginosa isolates in patients
with CE Although there are some publica-
tions available on typing of P. aeruginosa
isolates recovered in different hospital set-
tings, this study provides the first published
data on the genetic relatedness of P. aerugi-
nosa isolates from CF patients in Slovenia
determined by PFGE.'®?° In agreement
with other studies, there was substantial di-
versity among the isolates.>**! Patients with
CF rarely share genotypes, unless they are
siblings or close friends, which suggests that
patient-to-patient transmission is rare and
requires close contact of longer duration.’
We also did not detect any fully identical iso-
lates. However, there are several reports of
cross-contamination in camps, clinics, and
hospitals.”**?* We detected 2 groups of pa-
tients with 10 isolates showing greater then
80 % similarity of macrorestriction patterns.
Pulsotype A with 4 subtypes was detected in
2 patients and pulsotype C with 4 subtypes
was detected in 3 patients. Cross-coloniza-
tion, common-source contamination, and
independent acquisition of genotypes that
are more widespread in the local environ-
ment are possible explanation for these find-
ings. Any of the three aforementioned ways
of bacterial acquisition could be the source
of P. aeruginosa in 4 out of 5 patients from
groups A and C since they reside in the same
town or in immediate vicinity. Since these
isolates, which could be classified as clusters,
had very heterogeneous antimicrobial sus-
ceptibility profiles one could argue that the

theory of cross-colonization is less likely, but
we think the value of antimicrobial suscep-
tibility profiles in determining relatedness
between different isolates is low. The rest of
the patients were colonized / infected with
distinct pulsotypes showing between 24.9 %
and 63.1% similarity. Each of them resides
in different part of Slovenia so macrorestric-
tion patterns of their P. aeruginosa isolates
could represent the local predominant envi-
ronmental strain.

The results of our study suggest that
cross-colonization was probably not the
source of acquisition of P. aeruginosa in our
group of patients. Nevertheless, evidence of
patient-to-patient transmission exists and
should not be dismissed. Infection-control
recommendations, which stress hand hy-
giene, transmission-based precautions and
care for respiratory equipment should be
meticulously executed. Further studies of
molecular characteristics of P. aeruginosa in
CF patients in Slovenia are required to give
us a more comprehensive insight into actual
epidemiology and state of infection-control.
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