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Abstract. Pseudomonas aeruginosa (n = 112) isolates from various clinical specimens
of hospitalized patients in Songklanagarind Hospital, southern Thailand from
February 2012 to January 2013 were analyzed for susceptibility to 10 different
antibiotics using a disk diffusion method and genetic relatedness by a pulsed-
field gel electrophoretic (PFGE). Half of the strains were from sputum samples
mainly of infected patients with cardiovascular disease. P. aeruginosa infection is
significantly associated with age and length of hospital stay (p-value <0.029). P.
aeruginosa strains were equally sensitive (75-95%) to the four classes of antibiotics
commonly used in Songklanagarind Hospital. Highest rate of resistance was to
norfloxacin (43%) and no resistance to colistin was detected. Multidrug- and
extensively drug-resistant P. aeruginosa (MDR-PA and XDR-PA) constituted 18%
and 6%, respectively of the strains. PEGE DNA profiling revealed >70 relatedness
among the strains, clustering into seven groups (A-G). The predominant group
A and E (38 and 32% of typeable strains respectively) contained 21% of MDR-PA
and 11% of XDR-PA strains. It was noticeable 40% of MDR and XDR-PA strains
were from patients in intensive care unit and medical ward. In conclusion, the
study shows the usefulness of PFGE DNA profiling in molecular epidemiological
investigation of nosocomial P. aeruginosa infection allowing implementation of
appropriate transmission control and prevention strategies.
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INTRODUCTION

Pseudomonas aeruginosa is one of the
most important microorganisms causing
nosocomial infections, mainly in impaired
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immune patients (Sader et al, 2017), and
continues to be a serious cause of infection
with increased mortality and costs due
to prolonged hospitalization (Sader et al,
2017). Prevalence of multidrug-resistant
P. aeruginosa (MDR-PA) is increasing
worldwide and poses a serious problem
in hospital settings as the spread of
these organisms is often difficult to
eradicate (Pagani et al, 2004). Thus,
an understanding of epidemiology of
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nosocomial infections is necessary for
effective control as well as prevention
measures.

Several molecular genotyping
techniques have been effectively employed
for epidemiological studies of P. aeruginosa
infection, such as amplified fragment
length polymorphism (AFLP), multi-locus
sequence typing (MLST), pulsed-field
gel electrophoresis (PFGE), repetitive
extra-palindromic PCR analysis, and
restriction fragment length polymorphic
DNA analysis (RFLP) (Grundmann ef al,
1995), all of which have been shown to
be useful in epidemiological studies of P.
aeruginosa isolates (Maatallah et al, 2013).

PFGE is currently accepted as the
‘gold standard” method and has proven
to be useful in elucidating epidemiology
of hospital outbreaks (Grundmann et
al, 1995, Hu and Manos 2015; Santos-
Sanches et al, 2015). The method can
also be used for monitoring genetic
evolution of microorganisms and in
identifying the most prevalent strain
circulating in a population. Incorporation
of molecular typing with traditional
hospital epidemiological surveillance
have resulted in the reduction in number
of nosocomial infections and is cost-
effective when there is cooperation among
laboratory investigation, epidemiological
typing and infection control unit (Spiers
et al, 2000).

Molecular epidemiology data of
P. aeruginosa infection is lacking at
Songklanagarind Hospital, Hat Yai,
Songkhla, Thailand. Prevalence and
subtypes of P. aeruginosa present in
Songklanagarind Hospital between 2012
and 2013 were investigated using PFGE as
well as correlation of subtypes with drug
susceptibility. This study was intended
to provide various genetic relatedness
among MDR-PA and extensively drug-
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resistant P. aeruginosa (XDR-PA) strains
which highly dispersed throughout
Songklanagarind Hospital, especially in
intensive care unit and medical ward. The
data is important for planning a proper
transmission control.

MATERIALS AND METHODS

Patients and bacterial strains

Bacterial samples (n = 112) including
sterile fluid, such as blood, pleural fluid,
cerebrospinal fluid (CSF), and non-sterile
sources such as, bronchial aspirate and
surgical site, from individual patients with
nosocomial infection at Songklanagarind
Hospital, Hat Yai, Songkhla, Thailand
were collected between February 2012 to
January 2013.Isolation and identification of
P. aeruginosa were carried out by culturing
on standard media and biochemical
tests, as described by the Clinical and
Laboratory Standards Institute guidelines
(CLSI, 2012). Demographic data (sex,
age, specimen type or body site, patient’s
region of residence, hospitalization history,
antibiogram profile and underlying
disease) were retrieved from the Hospital
medical records with identity redacted.

The study protocol was approved by
the Ethics Committee of the Faculty of
Medicine, Prince of Songkla University
(REC no. 55-391-04-8-3).

Antibiogram profiling

Drug susceptibility tests and
interpretations were performed using a
disc diffusion method according to the
CLSI (2012). Each disc (Becton Dickinson,
Heidelberg, Germany) contained
amikacin (AK, 30 ug), ceftazidime (CAZ,
30 ug), ciprofloxacin (CIP, 5 ug), colistin
(DA, 10 pg), gentamicin (GM, 10 ug),
imipenem (IMP, 10 pug), meropenem
(MEM, 10 ug), norfloxacin (NOR, 10 ug),
Cefoperazone-Sulbactam (sulperazone)
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(SPZ, 75/30 ug), and tazocin (TZP, 100
ug). MDR-PA, XDR-PA and pandrug-
resistant P. aeruginosa (PDR-PA) isolates
are defined according to the Centers for
Disease Control and Prevention, USA
criteria (Magiorakos et al, 2012). A strain
resistant to at least one agent in three or
more antipseudomonal antimicrobial
categories is assigned MDR-PA, resistant
to at least one agent in all but two or fewer
antipseudomonal antimicrobial categories
XDR-PA and resistant to all agents in all
antipseudomonal antimicrobial categories
PDR-PA.

PFGE assay

PFGE was performed as previously
described by Pfaller et al (1992) and
modified by Seifer et al (2005). Briefly, one
A0 o @mount of an overnight culture of
P. aeruginosa in Luria Bertanii (LB) broth
(Merck KGaA, Darmstadt, Germany) was
incubated in 100 mM Tris pH7.2 buffer
containing 100 mM EDTA, 20 mM NaCl
and 0.5 mg/ml proteinase K at 55°C for
10 minutes, then an equal volume of 1.0%
UltraPureTM LMP agarose (Invitrogen,
Carlsbad, CA) was added and the solution
placed in mold to form solid plug, which
was incubated with cell lysis buffer (50
mM Tris pH 8.0, 100 mM EDTA, 0.1% SDS,
1.0% sarcosine, and 0.5 mg/ml proteinase
K) at 55°C for 2 hours. Agarose plug was
treated with 50 U Xbal for 2 hours and
digested DNA was separated by 1.0%
PFGE in a CHEF-DRIII system (Bio-Rad
Laboratories, Hercules, CA) in 0.5X Tris-
borate-EDTA buffer at 14°C and voltage
of 6 V/cm for 21 hours with pulse times
of 5-35 s. Lambda PFGE ladder (New
England Biolabs, Beverly, MA) was used
as molecular weight marker. Gel was
stained with ethidium bromide and image
recorded by a Gel DocTM XR* system
(Bio-Rad Laboratories, Hercules, CA),
then converted to a TIFF file.
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Analysis of PFGE patterns

PFGE patterns were analyzed
using Bionumerics software version
7.0 (Applied Maths, St-Martens-Latem,
Belgium). Gel images were normalized
by aligning bands with the size marker in
each gel. Optimization and band position
tolerance setting were established at 1.5%.
Similarity of band patterns was calculated
using a Pearson’s correlation coefficient
and then clustered using a dendrogram
generated by an unweighted pair group
of the arithmetic mean (UPGMA ) method.
Cluster classification of isolates was
performed at >70% similarity (Lila et al,
2018; Huang et al, 2020).

Statistical analysis

Demographic data are presented
as percentage (unless otherwise stated)
and median value with interquartile
range (IQR). All statistical analyses were
performed using Statistical Package for
the Social Sciences (SPSS) version 23 (IBM
Corporation, Armonk, NY). Qualitative
variables were compared using a t-test and
Pearson Chi-square test. A p-value <0.050
is considered statistically significant.

RESULTS

Patients and P. aeruginosa strains
Patients (n = 112), median age of 54
years (IQR = 35-73) and 68 (61%) males at
Songklanagarind Hospital were recruited
during February 2012 to January 2013.
Fifty-nine patients (53%) were from home
and 18 (16%) were referred from other
hospitals (Table 1). Half of the patients had
atleast one underlying disease that would
predispose to P. aeruginosa infection,
with the predominant pathologies being
cardiovascular disease (cardiomyopathy
and ischemic heart disease) (28%),
immunocompromised status (chronic
steroid use, hypothyroidism and diabetes
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Table 1
Demographic profile, clinical presentation and clinical specimen of patients with
Pseudomonas aeruginosa infection at Songklanagarind Hospital, Hat Yai, Songkhla,
Thailand (February 2012 - January 2013).

Characteristic Number (%)
(n=112)
Gender
Male 68 (61)
Female 44 (39)
Age in years, median (IQR) 54 (35-73)
Hospitalization time in days, median (IQR) 25.5 (9.0-47.5)
Transfer from other hospitals 18 (16)
Underlying condition
Solid organ malignancy 7 (6)
Cardiovascular disease 31 (28)
Orthopedic condition 5 (4)
Hematologic malignancy 0 (0)
Cerebrovascular disease 13 (12)
Structural lung disease 16 (14)
Immunocompromised status 21 (19)
Chronic kidney disease 8 (7)
Peripheral vascular disease 1(1)
HIV infection 1(1)
No underlying disease 52 (46)
Type of specimen
Sputum 56 (50)
Peritoneal, pleural and abscess aspirates 29 (26)
Pus 15 (13)
Tissue 12 (11)
Specimen collection site
Medical ward 42 (37)
Intensive care unit 28 (25)
Operation theater 17 (15)
Emergency room 13 (12)
Surgical ward 12 (11)
P. aeruginosa drug resistance profile
Carbapenems 31 (28)
Cephalosporins 24 (21)
Aminoglycosides 22 (20)
Fluoroquinolones 21 (19)
Beta-lactamase inhibitors 16 (14)

IQR:interquartile range.
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mellitus) (19%), and structural lung
disease (pulmonary tuberculosis and
chronic obstructive pulmonary disease)
(14%). The median hospitalization time
was 25 days (range 2-165 days, IQR 9-47).
The most common clinical specimen was
sputum (50%), followed by aspirates
(26%); majority was collected from medical
wards (37%), followed by intensive care
units (25%).
Antibiogram profile

P. aeruginosa strains (n = 112) were
tested against 10 different antibiotics
using a disc diffusion method. The
antimicrobial susceptibility of the isolates
is shown in Table 2. All the isolates were
sensitive to colistin 100%, and more than
75% to aminoglycosides, beta-lactamase
inhibitors and carbapenems (85% to
amikacin, 80% to gentamicin, 80% tazocin,
79% to ciprofloxacin, 76% to sulperazone
and 75% to imipenem and meropenem).
Four isolates norfloxacin-susceptible
was low (57%) compared with other
antimicrobials. On the other hand, the

maximum resistance rate was observed to
norfloxacin (43%) followed by imipenem
(25%), ceftazidime and meropenem (21%),
ciprofloxacin (19%), gentamicin (18%),
sulperazone and tazocin (13%), and
amikacin (11%), respectively. No strain
was resistant to colistin. There were 18
(16%) and 5 (4%) strains classified as
MDR-PA and XDR-PA respectively, with
no PDR-PA strain. Overall, the majority
of P. aeruginosa strains were sensitive to
most of the antibiotics commonly used to
treat infectious patients in the Hospital,
with no significant difference in antibiotic
sensitivity to the various antibiotic classes
(Table 1).

PFGE analysis of P. aeruginosa strains

P. aeruginosa strains were digested
with Xbal and separated by PFGE,
generating profiles typically of 10-17
bands mainly ranging 50-500 kbp (Fig 1).
Each gel-electrophoresis experiment was
accompanied by Escherichia coli O157:H7 as
standard. Comparison of the profiles were
carried out using a BloNumberic software

Table 2
Antimicrobial susceptibility testing of 112 Pseudomonas aeruginosa isolates from
patients at Songklanagarind Hospital, Hat Yai, Songkhla, Thailand (February 2012 -

January 2013).
Antimicrobial Intermediate Sensitive Resistant Total
agents resistant Number (%) Number (%)
Number (%)

Amikacin 5 (4) 95 (85) 12 (11) 112
Ceftazidime 2(2) 86 (77) 24 (21) 112
Ciprofloxacin 3(3) 88 (79) 21 (19) 112
Ceftazidime 2(2) 86 (77) 24 (21) 112
Colistin 0 (0) 69 (100) 0 (0) 69
Gentamicin 2(2) 90 (80) 20 (18) 112
Imipenem 0 (0) 84 (75) 28 (25) 112
Meropenem 4 (4) 84 (75) 24 (21) 112
Norfloxacin 0 (0) 4 (57) 3 (43) 7
Sulperazone 12 (11) 85 (76) 15 (13) 112
Tazocin 9 (8) 89 (80) 14 (13) 112
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Fig 1-Representative pulsed-field gel-electrophoresis (PFGE) profiles of Pseudomonas aeruginosa
strains from patients at Songklanagarind Hospital, Hat Yai, Songkhla, Thailand (February

2012 - January 2013).

P. aeruginosa cells were lysed in situ in a gel plug, digested with Xbal, separated by 1.0% PFGE
and visualized with ethidium bromide staining. Lane M, 48.5 kbp size ladder; lane E, Xball-
digested Escherichia coli O157: H7; lanes 1-10, P. aeruginosa clinical strains.

(Applied Maths) and 85 (76%) strains
were typeable. At a genetic relatedness
(band identity) =70%, the strains could
be clustered into seven groups (A-G)
and a U group containing miscellaneous
strains with <70% genetic relatedness (Fig
2). The predominant group A consisted
of 33 (39%) strains, followed by group E
with 27 (32%) strains; group U contained
five strains. Group A and E strains were
commonly isolated from patients with
solid organ malignancy (19%) and from
sputum (36%) (data not shown). All
MDR-PA strains were present in the seven
groups except in clusters F and U, while
XDR-PA strains were located in groups A,
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E and H (Table 3). It was noticeable 40%
of MDR and XDR-PA isolates were from
patients in intensive care unit (ICU) and
medical ward.

DISCUSSION

P. aeruginosa has become an important
cause of nosocomial infections, such
as urinary tract, lung and surgical site
infection and sepsis (Corona-Nakamura
et al, 2001; Fazeli et al, 2017) and outbreaks
have been reported in ICUs, burn wound
units and cancer centers (Quick et al, 2014;
Parcell et al, 2018). In Thailand, spread
of P. aeruginosa nosocomial infection has
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Fig 2-Dendrogram of pulsed-field gel-electrophoresis (PFGE) profiles of Pseudomonas aeruginosa
strains from patients at Songklanagarind Hospital, Hat Yai, Songkhla, Thailand (February
2012 - January 2013).
PFGE profiles (see Fig 1) were analyzed using a Bionumerics software and similarity of band
patterns was calculated using a Pearson’s correlation coefficient, then a dendrogram generated
employing an unweighted pair group of the arithmetic mean method. Clustering into groups
of isolates was performed at >70% similarity. Scale denotes percent similarity.
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Collection date
(day/month/year)
02/05/2012
04/04/2012
04/05/2012
02/04/2012

S
S
NA
S

Table 3 (Continued)

AK CAZz GM IMP MEM NOR CIP SPZ TZP DA
R
R
R
R

Isolation code
748-05 SPT PS

298-05SPT PS
647-04 SPT PS
315-04 BF PS

ward

ICU
ICU
U

IC
BF (hip) OPD

Source Hospital
SPT
SPT
SPT

PFGE Resistant
category

XDR

XDR

XDR

XDR

group
E
E
E
A
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06/04/2012

S

983-04 BF PS R

Ascites ICU

XDR

BF: body fluid; BF (JP): body fluid Jackson-Pratt drain; HC: hemoculture; ICU: intensive care unit; OPD: out-patient department; PTBD

(BE): percutaneous transhepatic biliary drainage (body fluid); SPT: sputum; TIS: tissue, AK: amikacin, 30 ug; CAZ: ceftazidime, 30 ug; CIP:

ciprofloxacin, 5 ug; DA: colistin, 10 ug; GM: gentamicin, 10 yg; IMP: imipenem, 10 ug; MEM: meropenem, 10 ug; NOR: norfloxacin, 10 ug;

SPZ: sulperazone, 75/30 ug; TZP: tazocin, 100 ug; I: intermediate resistant; NA: not applicable; R: resistant; S: sensitive.

been reported in 85 hospitals during 2000-
2018 (NARST, 2018). In the lower southern
regions of Thailand, P. aeruginosa infection
rate is 13.5% in eight hospitals (NARST,
2019).

At Songklanagarind Hospital from
February 2012 to January 2013, almost
half of P. aeruginosa-infected patients
had at least one underlying disease
(mainly cardiovascular disease). P.
aeruginosa strains were still equally
sensitive to the four major classes of
antimicrobials prescribed at the Hospital,
but, worryingly, a quarter of the strains
could be classified as MDR- and XDR-
PA, but none as PDR-PA. The prevalence
of MDR and XDR pathogens can vary
among wards, hospitals and regions
depending on antibiogram profiles in
each circumstances and policy governing
antibiotics disbursement (Cholley et al,
2010; Bayani et al, 2013; Sabir et al, 2013;
Biswal et al, 2014; Chittawatanarat et al,
2014). Amikacin was the most effective
antibiotic (11% resistant) and ceftazidime
the least effective (21% resistant), in
concordance with the findings of
Chander and Raza, 2013 conducted in
Kanthmandu, Nepal. Percent resistance
to ceftazidime and imipenem was lower
than that (21% and 25% respectively)
previously reported (Thompat and
Sudjaroen, 2009). This phenomenon might
be due to improvement in management
and maintenance of infection control
procedures (Wang et al, 2012, Matt et
al, 2014), re-enforcing the prudent use
of antibiotics and strict adherence to
guidelines for their empirical treatment.
Recently, cephalosporin, ciprofloxacin
and carbapenem were reported to be
productive antimicrobial agents against
XDR-PA bacteremia in the ICU at Roi-Et
Hospital, Thailand (Woradet et al, 2020),
whereas amikacin or gentamicin were
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effectively used for MDR-PA infection
(Katvoravutthichai et al, 2016).

Despite a variety of methods for
molecular typing of microbes, viz
Diversilab repetitive-sequence-based
PCR, multilocus sequencing typing,
multiple locus variable-number tandem
repeat analysis, and next generation
sequencing technology), each technique
has its own different advantages and
disadvantages (Chen et al, 2018). PFGE,
an older, more time consuming and
labor-intensive method, is still regarded
as an accurate and reproducible tool for
epidemiology investigations in a hospital
setting (Parizad et al, 2016). However, in
this study, there were 27 isolates (24.1%)
that were non-typeable by PEGE. Strains
that could not be typed might be due to
degraded DNA, as observed with genetic
typing of Clostridium difficile, Klebsiella spp,
Ralstonia spp, and Vibrio parahaemolyticus
(Romling and Tiimmler, 2000; Meletis and
Bagkeri 2013).

Of the genetically typeable P.
aeruginosa clinical strains (n = 85), PFGE
profiles revealed all but seven strains with
>70% genetic relatedness, suggesting that
the latter seven strains were probably
hospital acquired. The evidence that
genetically related P. aeruginosa strains
were clustered into several distinguishable
groups would imply that these strains have
been in circulation in Songklanagarind
Hospital for some period of time prior to
the present survey. Colonization seems
to play a major role in the spread of P.
aeruginosa within ICUs, as noted by Parcell
et al (2018). In addition, MDR-PA and
XDR-PA have been mostly discovered in
sputum and spread in medical ward and
ICU, respectively. The XDR-PA infections
among ICU patients were also found in
Roi Et Hospital (Woradet et al, 2019).

In conclusion, the study confirms
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the usefulness of pulsed-field gel-
electrophoresis in molecular epidemiology
investigations of Pseudomonas aeruginosa
strains circulating in a hospital. Primary
screening using molecular techniques
for identification of predominant clones
should be of assistance in the control of
colonization and transmission within
a tertiary care center. However, there
has not been any study of community-
acquired P. aeruginosa infection or of
infection in healthcare workers, and
further investigations in these areas are
warranted.
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