Egyptian Journal of Medical Microbiology Volume 25/ No. 1/ January 2016 53-60

ORIGINAL ARTICLE
Phenotypic and Genotypic Characterization of Pseudomonas
Aeruginosa | solates from Burn Patients

'Safaa Mohamad El-Ageery’, “Aisha Abdul Mohsen Al Otibi

"Medical Microbiology and Immunology Department, Faculty of Medicine, Mansoura University, Egypt; Medical
Laboratories Technology Department, Faculty of Applied Medical Sciences, Taibah University, Saudi Arabia
“Biology Department, Faculty of Science, Taibah University, Saudi Arabia

Key words:

Burn wound infections,
P. aeruginosa, , PFGE

ABSTRACT

Background: Pseudomonas aeruginosa (P. aeruginosa) is an opportunistic pathogen
that still develops life threatening infections in patients with immunological system
defects like burns. It has been estimated that 75% of all deaths following burns are due
to infections. Objectives: This study was designed to evaluate the prevalence and drug
susceptibility profile of P. aeruginosa in patients admitted to a burns unit and to
investigate the potential sources of infection in burn patients by genotyping using pulsed
field gel electrophoresis (PFGE). Methodology: The study was performed in King Fahd
Hospital (KFH), Almadinah Almunwarah during a ten month period. A total of 106 burn
wound infection (BW), 40 environmental and 10 health care workers (HCWs) samples
were isolated then identified by conventional biochemical methods and API 20E system.
Antibiotyping was performed by disc diffusion. Molecular relatedness of P. aeruginosa
strains was investigated by pulsed field gel electrophoresis. Results: The most isolated
organism was P. aeruginosa (31.6%), followed by Methicillin—Resistant Staphylococcus
aureus (MRA) (21%) and Acinetobacter baumannii (A.baumanii) (17.5). Coalistin
(100%) was the most effective drug against P. aeruginosa while the least effective drug
was ticarcillin (48.1%). Typing of 27 isolates by PFGE revealed four pulso-types A, B, C
and D and pulsotype B revealed 3 subtypes, subtypes B;, B, and Bs. The isolates showed
that 77.7% of isolates (from patients and environmental specimens) were genetically
related. Also, Sx patients had the same pulsotypes which were not detected in the
environment. Conclusion: P.aeruginosa became one of the major concern in our
hospital and implementation of infection control strategies is a major concern to avoid
the spread of this threat. Environmental sources may have a significant role in spread of
P. aeruginosa among hospitalized patients.

INTRODUCTION

P. aeruginosa is a Gram-negative, strict aerobic,
non-spore forming, non-fermentative, oxidase and
catalase positive, straight or slightly curved rods, motile,
extracellular bacterium that is able to consume a broad
range of organic compounds’. It is everywhere in the
natural environmental settings as it can be isolated from
different living organisms comprising plants, animals,
and humans®, and has a tendency for moist
environments, and thus is often cultured in very high
numbers from drains and similar semi-aquatic
environments®,
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P. aeruginosa is mostly common in hospital
environment having been isolated from soap,
disinfectants, respiratory equipment, mattresses,
endoscopes, distilled water and suction apparatus®. P.
aeruginosa could be derived from the patient’s own
endogenous gastrointestinal microbiota. Isolates from
hospital environment generally display greater
resistance to antimicrobials than environmental samples
and are common causes of opportunistic infection in
patients”.

P. aeruginosa is the ideal example of an
opportunistic pathogen causes an extremely wide range
of disease in both immunocompetent and
immunocompromised patients. Infection may vary in
severity from a mild, self-limiting illness through to
severe and debilitating systemic disease, associated with
significant morbidity and mortality®.

P. aeruginosa is a recognised nosocomial
pathogen, responsible for between 10% to 20% of
hospital-acquired infections and considered as the most
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common cause of burn wound infections in many burn
wound centres®.

P. aeruginosa could produce outbreaks in burn
units. In almost all cases the colonized patient is thought
to be a major reservoir for the epidemic strain. Other
important sources include contaminated hydrotherapy
equipment, common treatment areas, and contaminated
equipment such as mattresses, which appear to pose
unique risks of cross contamination in the burn
environment. Risks associated with care of the burn
wound, such as hydrotherapy and common treatment
rooms, are related to the use of water sources that are
frequently contaminated by P. aeruginosa intrinsically,
and may also be contaminated by organisms from other
patients’. The other principal modes of transmission in
burn units are through the hands of the personnel and
contact with inadequately decontaminated equipment or
surfaces. The hands and apron area of the person, as the
surfaces (e.g., beds, side rails, tables, equipment) are
often heavily contaminated with organisms from the
patient. Likewise all equipment used on the patient (e.g.,
blood pressure cuffs, thermometers, wheelchairs, IV
pumps) are also heavily contaminated and may be
transmitted to other patients if strict barriers are not
maintained and appropriate decontamination carried out.
In fact, a single cause is uncommon in a burn unit
outbreak; in almost all instances, multiple factors
contribute to its occurrence and perpetuation®. Health
care workers (HCWs) acquire microorganisms on
gloved hands when touching surfaces near a colonized
patient without performing direct patient contact®. Also,
ungloved hands become contaminated with low levels
of microorganisms even from surfaces in rooms that had
been terminally cleaned after patient discharge™.

Typing of P. aeruginosa is very important step. The
main role of the typing is to assess the relationships
between microbial isolates. Understanding clonal
relatedness between the microbial strains is essential to
determine the source and routes of infections, confirm
or rule out outbreaks, trace cross-transmission of
healthcare-associated pathogens, recognize particularly
virulent strains and evaluate the effectiveness of control
measures™’. There are several typing methods used in
laboratories today. These range from methods based on
simple phenotypic features to DNA
sequencing®. Phenotyping methods are not
discriminatory enough to identify strains belonging to
the same genotype. Instead, more reliable molecular
typing methods are required™.

DNA typing methods are known as the most
suitable approaches for epidemiological studies™. A
variety of molecular methods have been used to type P.
aeruginosa strains, each varying in their discriminatory
potentials these methods include pulsed-field gel
electrophoresis (PFGE), amplified fragment-length
polymorphism (AFLP) analysis, random amplified
polymorphic DNA polymerase chain reaction (RAPD-
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PCR) and exotoxin A or pilin gene probing of enzyme-
digested DNA fragments, multilocus sequence typing
(MLST), restriction fragment length polymorphism
(RFLP) and Repetitive-sequence-based PCR (Rep-
PCR)*®. PFGE remains the “gold standard” and
prevalent genotypic method for fingerprinting and
comparing isolates because it utilizes more than 80% of
the chromosomal DNA to produce the molecular
profiles of bacteria®,

Since effective management of nosocomial
infections, especially in burn units, needs to inform
about infection transmission routes and drug
susceptibility of pathogens, this study will be conducted
to evaluate the incidence of P. aeruginosa in burn
patients and to trace the source of infections and
investigate relationship of strains by studying the
antibiotic  susceptibility of P. aeruginosa and
characterization the clinical and environmental isolates
of P. aeruginosa by PFGE analysis.

METHDOLOGY

Microbiological analysis

The present study was conducted in the burn unit at
king Fahd Hospital (K.F.H), Al-Madinah Al-
Munawarah, Saudi Arabia, during ten month period
from March 2013 to December 2013. Swabs were taken
from wound infections from burn ward using sterile
cotton wool swabs by introducing them deeply into the
depth of the infected wounds. Swabs were taken also
from hospital environmental samples (from floors,
doors, sinks, dressing trolleys, beds, water tap,
environmental surfaces and other equipments).
Environmental samples were collected before the
regular daily cleaning by rolling sterile cotton swabs
moistened with sterile saline several times over a
surface area of approximately 5x5 cm? and then
inoculated into 5% SBA plates. Swabs were taken from
hands of health care workers over the same period. The
right and left hand specimens of HCWs were obtained
by placing their hands into 2 separate SBA plates
directly without washing their hands before culture®’. P.
aeruginosa were finally identified and tested to the
species level using API20E (Bio-Merieux, France).
Antibiotypying

The isolated strains were tested for their
susceptibilities to 11 antibiotics; Ceftazidime,
Cefepime,  Piperacillin,  Aztreonam, Imipenem,
Gentamicin, Amikacin, Ciprofloxacin, Ticarcillin,
Colistin and Tobramycin. The inhibition zones were
measured and results of disk diffusion method were then
reported according the guidelines of the Clinical and
Laboratory Standards Institute™.
Molecular Typing

Genomic DNA in agarose gel plugs was prepared
according to the manufacturer’s instructions of the
reagents used (Bio-Rad Laboratories, USA). The
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chromosomal DNA in the plug was digested with Spel
(Promega, USA) overnight at 37°C*. Electrophoresis
was performed in a 1% Sea Kem agarose gel (BMA,
Rockland, USA) prepared and run in 0.5 x Tris-borate-
EDTA buffer on a CHEF-DR III apparatus (Bio- Rad
Laboratories, USA). The initial switch time was 5 s, the
final switch time was 20 s, and the run time was 22 h at
6 V/cm. Gels were stained in ethidium bromide,
destained in distilled water, and photographed under
ultraviolet (UV) light. PFGE DNA patterns were
compared and interpreted. Isolates with > 80%
similarity were considered to belong to the same
pulsotype and subtypes were assigned to isolates having
< 3 DNA band differences within the same pulsotype®.

RESULTS

Description of specimens from burn wound infection
A total of 122 patients were admitted in burn unit
during the study period. The total number of burn
wound swabs was 106. The overall percentage of
positive cultures from burn wound swabs was 57
(53.7%). The negative cultures accounted for 49
(46.2%).
Isolation and identification of the microbial isolates
Bacterial isolates from BWI were subjected after
purification to identification. Distribution of positive
bacterial isolates among all cases is shown in table 1.
They constituted (57) isolates, the most prevalent isolate
was P. aeruginosa (31.6%), followed by methicillin
resistant Staphylococcus aureus (MRSA) (21%). No
fungi ere detected in the culture media. Most wound
infection 49/57 (86% ) were monomicrobial, while the
rest 8 (14%) were polymicrobial.

Table 1. Distribution of bacterial isolates from burn
wound infection

Organism '(\Il\lljon;g% Percent %
P. aeruginosa 18 31.6
MRSA 12 21
Aci netop_acter 10 175
baumanii
Klebsiella pneumoniae. 6 10.5
Saphylococcus aureus 4 7
Enterobacter spp. 3 53
Escherichia. Coli 3 5.3
Serratia spp. 1 1.8
Total isolates 57 100.0%

Description of specimens from environmental &
HCWssamples

Forty different environmental samples were
investigated. Eighteen samples (45%) were negative and
22 samples (55%) were positive. The percentage of P.

Egyptian Journal of Medical Microbiology

aeruginosa among positive isolates was 40.9 (9
samples).

Ten samples from hands of HCWs (nurses) were
collected in these study, two isolates (20%) were
positive (Coagulase- negative Staphylococcus) and eight
isolates was negative (80%). All cultures from the hands
of the HCWs were negative for P. aeruginosa.

Clinical data of patientswith P. aeruginosa infection

Clinical data of the patients with P. aeruginosa
burn wound infection are listed in table 2. As regard the
age, The main findings of this study were patients below
15 years (66.6%). The burn wound infection caused by
P. aeruginosa was common in males 88.8% more than
females 11.2%. Flame was the predominant type of burn
in patients and accounted for 61.1% of the burn cases.
The total body surface area on patients that has been
burned was estimated by using rule of nines. The
category (31-40%) showed the highest percentage of
patients, while (33.3%), and (>41%) categories showed
the lowest percentage of patients (11.1%).

Table 2. Clinical data of patients with P. aeruginosa
infection

Patients | Age (Y)/sex Cifr&; of TBSA
P1 10Y/ M Flam 19%
P2 65Y/M Scald 4%
P3 72Y/ F Flam 35%
P4 45Y/ M Scald 19%
P5 39Y/M Flam 40%
P6 45Y/ M Electrical 40%
P7 65Y/ M Scald 8%
P8 32Y/M Flam 30%
P9 27Y1M Flam 70%
P10 24Y/ M Flam 36%
P11 75Y/M Flam 40%
P12 30Y/ M Flam 36%
P13 4Y/ M Flam 5%
P14 27Y/ M Scald 1%
P15 41Y/ M Flam 65%
P16 12Y/M Flam 25%
P17 8Y/M Scald 16%
P18 1Y/F Scald 18%

P= patient, M= male, F= female

Comparison of antimicrobial sensitivity pattern of P.
aeruginosa strains

Data in tables 3 indicated the antimicrobial
susceptibility pattern of 11 antibiotics against 27 P.
aeruginosa strains (from the patients and the
environmental samples). The most effective drugs
against P. aeruginosa were colistin (100%), followed by
imipenem and amikacin (77.8%). The other commonly
used drugs; piperacillin, ceftazidime and gentamycin
showed moderate senstivity in the range of (50-60%).
The least effective drug was ticarcillin that showed high
level of resistance (51.9%).
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Table 3. Comparison of antimicrobial sensitivity pattern against P. aeruginosa strains

Sensitivity patterns
Antibiotic disc Disc potency Sensitive Inter mediate Resistant

No % No % No %
Tobramycin 10 pg 19 70.4 2 7.4 6 22.2
Piperacillin 100 pg 16 59.3 1 3.7 10 37
Ticarcillin 75 ng 13 48.1 0 0 14 51.9
Cefepime 30 ug 18 66.7 0 0 9 33.3
Ceftazidime 30 ug 17 63 1 3.7 9 33.3
Gentamycin 10 ug 15 55.6 1 3.7 11 40.7
Amikacin 30 ug 21 77.8 1 3.7 5 18.5
Imipenem 10 pg 21 77.8 0 0 6 22.2
Aztereonam 30 ug 18 66.7 1 3.7 8 29.6
Ciprofloxacin Sug 19 70.4 1 3.7 7 259
Colistin 10 pg 27 100 0 0 0 0

PFGE Analysis of P. aeruginosa isolates

The total P. aeruginosa isolates from the patients
and the environment were subjected to molecular typing
by PFGE. PFGE pattern of P. aeruginosa is presented in
table 4. A total of 4 PFGE profiles; pulsotypes A, B, C
and D were identified among 27 P. aeruginosa.
Pulsotype B isolates were further separated into 3
subtypes; subtypes B, B, and B; (Fig.1). Most of the
subtypes among pulsotype B were subtype B;.

Table4. PFGE pattern of P. aeruginosa isolates

M A B C D M Bl B2 B3

A B

Fig. 1. P. aeruginosa strains obtained by PFGE after
digestion with Spel. A: four pulsotypes; in lanes A to D
and Lane M; lambda marker. B: The three B subtypes;

DISCUSSION

Nosocomial Infection is an important cause of
mortality in burns. It has been estimated that 75% of all
following thermal injuries are related to
infections. The rate of nosocomial infections are higher
in burn patients due to various factors like nature of
burn injury itself, immunocompromised status of the
patient, invasive diagnostic, and therapeutic procedures
and prolonged ICU stay. Moreover, cross-infection
among different burn patients due to
overcrowding in burn wards. Complicating this high

Isolate No Sample PFGE typing

El Tap water A

E2 Suction tube Bl

E3 Suction bottle B1

E4 Bed C

E5 Bed , D

E6 Bed rails B2

E7 Unit floor C

E8 Bathroom floor A

E9 Nurse gloves B2

P1 Wound swab A

P2 Wound swab D

P3 Wound swab B3 B1 to B3
P4 Wound swab A

P5 Wound swab B3

P6 Wound swab B3

P7 Wound swab A

P8 Wound swab B3

P9 Wound swab A

P10 Wound swab B3 deaths
P11 Wound swab D

P12 Wound swab B2

P13 Wound swab A

P14 Wound swab B3

P15 Wound swab B1

P16 Wound swab C

P17 Wound swab B2 results
P18 Wound swab A
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rate of infection is the fact that the spectrum of bacterial
isolates varies with time and geographical area®.

In the present study, the most commonly isolated
organisms from burned patients were P. aeruginosa
(31.6%). These finding is similar to several other studies
from several countries; Turkey®, Korea®, and Egypt®*.
The prevalence of P. aeruginosa in the burn wards may
be due to the fact that P. aeruginosa is known to thrive
well in moist and humid habitats in which the organism
can multiply to large numbers, even in the presence of
minimal amounts of nutrients™.

The second most common isolate was MRSA.
Some reports from Lithuania, showed that the rate of
MRSA infection (23.4%) was marginally higher than
that of Pseudomonas spp. (17.6%)”. However, multi-
drug resistant A. baumannii is rapidly emerging as an
important pathogen in our hospital, they accounted for
(17.5%), of all the organisms isolated in our study. This
organism was also reported by some studies in India,
U.S.A and China as the most common organism in burn
patients followed by P.aeruginosa®?. K. pneumoniae
in this study accounted 10.5% of the total isolates. Our
results were similar with other results®®. In contrast,
other researchers in Egypt have observed that K.
pneumoniae was among one of the most common
organisms isolated from burn patients30. In our study S
aureus accounted 7% of the total isolates. This low
incidence of S aureus infection was different with many
of the studies in which S aureus was the most
predominant organism as in Yemen®. We also found
E.coli accounted for 5.3% of the total isolates. This low
incidence of E.coli was in agreement with other studies
in which the frequency of the organism does not exceed
5% Most of the isolates in our research were
monomicrobial 86%, and this was similar to another
study®, while on other study polymicrobial infection
was the predominant™,

As regard the age of paients with P. aeruginosa
BWI, The main findings of this study were patients
below 15 years (66.6%), this may be due to the fact that
children have more mobility inside houses and have less
sense and awareness of dangers®.

The present study demonstrated an overall male
88.8% to female 11.2%. This was in agreement with
several studies®. This reflects the preponderance of
males in risk-taking activities at work and leisure.
However, some studies reported the opposite®.

As regard the cause of burn, flame was the
predominant type of burn in patients and accounted for
61.1% of the burn cases. This finding was consistent
with other studies®. Another study from Egypt reported
that scald was the most common cause of burns
followed by Flame™.

The present study found that by using Rule of
nines; the category (31-40%) included the highest
percentage of patients, while (33.3%), and (>41%)
category showed the lowest percentage of patients
(11.1%). Another result observed that majority of the
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patients had less than 20% TBSA, while another study
observed that TBSA was between 10 to 30%°’.

As regard the environment, positive environmental
samples were 55%. It means that environment may play
an important role in transmission of the infection to
burn patients. This may be an indicator of the
cleanliness in units and the use of unsuitable
disinfectants. This result was similar to the results of
Ikpeme et al . The percentage of P. aeruginosa among
positive isolates was 40.9% (9 samples), and this was
similar to results by other investigators®. This finding
made attention to P. aeruginosa ability to develop
resistance to multiple types of disinfectants. this finding
supported by some researchers where they found that P.
aeruginosa exhibited moderate susceptibility to all
disinfectants used™.

Regarding the antimicrobial sensitivity pattern of P.
aeruginosa strains, we found that the most effective
drugs against P. aeruginosa were colistin. This result
agreed with Mansour et al®. In this study, imipenem,
amikacin, ciprofloxacine and tobramycin though not
ideal but were comparatively better than other drugs,
and this was in accordance to another study which
reported that amikacin and imipenem had resistance
rates of 24.6 and 22.6%, respectively’®. We also found
that 51.9% of P. aeruginosa isolates were resistant to
ticarcillin, which was the highest percentage of
resistance among the other antimicrobials tested. Our
finding was in agreement with other studies®. P.
aeruginosa isolates in the present study showed low
sensitivity against gentamicin. Gentamicin is a cheap
and easily available drug that is used extensively in
general and hospital practice in clinically suspected
Gram-negative infections. This may be the main reason
for the development of resistance in bacteria against this
drug®.
Some of our isolates have shown to be resistant to
many antimicrobials, and this indicates the high
contamination of burn wounds in our hospitals. Several
reports confirmed an increasing multi-drug resistance
among P. aeruginosa strains isolated from burn wound
infections®,

PFGE was used as a gold standard for determining
similarities between P. aeruginosa isolates obtained
from patients and environmental samples in burn ward.
Spel digestions of the 18 clinical and 9 environmental P.
aeruginosa isolates were performed, resulting in four
patterns (designated as pulsotypes, A, B, C and D),
Pulsotype B were separated into 3 subtypes, subtypes
B], Bz and B3.

In this setting, among patients with isolates that
were not found in the environmental samples, six
patients hospitalized during the same period in the same
unit had the same pulsotype (B3), suggesting a possible
patient-to-patient transmission. Medical staff can be a
vehicle in the spread of P. aeruginosa within a hospital,
as direct person-to-person contact contributes to the
transmission of P. aeruginosa. Transmission between
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patients from different rooms could be explained by
their survival via hospital staff, several hospital devices
or from the environment®’.

In this study, we found six patients had isolates
identical to those found in the tap water (pulsotype A).
This finding suggests that the water system was the
reservoir. Several studies identified tap water as source
of P. aeruginosa infection®. It was noted that taps could
play a part in patients infections. In some cases, taps had
become colonized with Pseudomonas from a patient
already colonized on arrival on the ward. Also,
pseudomonad bacteria were most likely to travel from
tap water to the patients during facial washing, or via
gauze dressings that had become wet during washing®.

Also, we observed that pulsotype (B;) was detected
in one patient (p15), who was on mechanical ventilator
from which the same pulsotype was isolated from
(Endotracheal tube (E2), Suction bottle (E3), this
implies that patient was probably colonized from an
endogenous source or from ventilator equipment. In
agreement with our study, Mansour et al in Egypt and
Saudi Arabia, found a relationship between suction
tubes, drainage containers, ventilator  tubes and
patients®, On the other hand, Berthelot et al found that
the origin of lung colonization by P. aeruginosa was
endogenous in 80% of the cases™.

In the remaining cases, the environmental isolates
showed the same pulso-types which were isolated from
patients, there were two patients (p12 and p17) who had
infection with the same subtype (B2) as that isolated
from a bed rails. In addition, pulso-type (C) was isolated
from both bed, unit floor and patient (p16), indicating
that the source was probably hospital surfaces or
derived from the patients themselves.

Environmental contamination may contribute to
transmission of healthcare pathogens when HCWs
contaminate their hands or gloves by touching
contaminated surfaces, or when patients come into
direct contact with contaminated surfaces. Environment
may serve as a reservoir for P. aeruginosa. P.
aeruginosa can survive at least 3-6 months on dried
blood or cotton and as long as four weeks on other
surfaces, and it is particularly well adapted to wet or
damp conditions”.

So, lapses in infection-control measures, or the non-
restrictive antibiotic use at the field hospitals could
result in an increase in cross-transmission between
patients. So, future research on prevention of P.
aeruginosa must focus on ways to improve compliance
with hand hygiene, and improved methods of

disinfecting the hospital environment are needed.
Ethical approval:

Ethical Committee of King Fahd Hospital in Al- Madinah Al-
Monawarah and Scientific Research Deanship of Taibah University
approved the study.
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