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Abstract

Introduction: The emergence of resistance is a major public health and clinical issue, particularly in pathogens causing nosocomial infections.
Recently, there is the emergence of Pseudomonas aeruginosa resistance to different broad-spectrum antibiotics.

Methodology: The current study was designed to find out the prevalence of multi-drug resistant (MDR) P. aeruginosa in burn patients, the
antibiotic susceptibility pattern of MDR Pseudomonas, and to determine the Minimum Inhibitory Concentration (MIC) of the effective
antimicrobials. The assessment of virulence genes (exoT, exoS, exoY and exoU) was also achieved through PCR. In the current study wound
swabs were collected from 160 burn patients from two burn units (MTI-Govt. Lady Reading Hospital and MTI-Khyber Teaching Hospital).
Results: Out of these 160 samples, 26 samples (16.25%) were positive for P. aeruginosa. Per patients, one isolate was included in the current
study. Antibiotic susceptibility pattern showed all P. aeruginosa isolates were 100% resistant to amoxicillin-clavulanic acid, 84.62% resistance
to Cefepime, and Ceftazidime, and 76.92% resistance to Amikacin, Aztreonam, and Ciprofloxacin. Whereas the lowest resistance was observed
to Imipenem and Piperacillin-Tazobactam (53.85%), Colistin Sulfate (23.08%), and Polymyxin-B (15.38%). Regarding the prevalence of
MDR, 22 (84.61%) isolates out of 26 were found to be MDR-P. aeruginosa. For MDR-P. aeruginosa, the MIC range was 1-2 pg/mL against
Polymyxin-B, 2-8 pg/mL against Colistin sulfate, 16-1024 pg/mL against Imipenem and 128-1024 pg/mL against Piperacillin-Tazobactam.
100% of the isolates carried exoT, 88.46% carried exoY, and 57.69% and 38.46% carried exoU and exoS, respectively.

Conclusions: These findings further emphasize the need for antibiotic discipline and to follow the recommended hospital antibiotic policy to
prevent the proliferation of MDR strains of P. aeruginosa in the community.
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Introduction

P. aeruginosa 1is an opportunistic pathogen
responsible for causing 10-20% of severe acute and
chronic nosocomial infections such as septicemia,
cystic fibrosis, burn and wound infections, [1]
pneumonia, catheter-related infection, bloodstream
infections, and suppurative thrombophlebitis, [2]
iatrogenic infections, [3] endocarditis, multi-organ
failure,  gastrointestinal  infections,  dermatitis,
bacteremia, bone and joint infections, [4] acute
ulcerative keratitis [5] as well as meningitis, skin and
soft-tissue infections [6]. It also causes infections in
immunocompromised and burn patients [2]. Burn

wards often harbor MDR P. aeruginosa, which can be
a source of infection [5]. MDR P. aeruginosa is most
common in burn patients because of the presence of
denatured and dead burn eschar, and moist environment
[7]. This makes the burn wounds vulnerable to
infections by P. aeruginosa [8].

MDR P. aeruginosa is an emerging cause of burn
morbidity and mortality and is difficult to eradicate [1].
It is estimated that at least 50% of all the deaths caused
by burns are the results of untreatable infections of P.
aeruginosa [9]. In another report, it is estimated that
75% of all the deaths following burn injuries are related
to infections [7]. Furthermore, patients infected with
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drug-resistant and MDR P. aeruginosa have a higher
mortality rate of 34% as compared to patients infected
with drug-susceptible P. aeruginosa where the
mortality rate is 22% [10].

P. aeruginosa infections are problematic due to
their intrinsic and acquired resistance to many effective
antimicrobial classes [2]. P. aeruginosa naturally shows
resistance to penicillin and most beta-lactam
antibacterial. Therefore, carbapenems are the drug of
choice for MDR-P. aeruginosa, however, the
increasing frequency of carbapenem-resistant P.
aeruginosa has recently become a serious concern
globally [8]. The main reason for increasing drug-
resistant P. aeruginosa strains is the inappropriate use
of antibiotics [11]. The overall prevalence of antibiotic-
resistant P. aeruginosa is increasing, with up to 10% of
global isolates found to be MDR [4]. A study from
Pakistan revealed that 99% of the clinical isolate of P.
aeruginosa were resistant to most commonly used anti-
pseudomonal drugs [12].

The treatment for the infections caused by P.
aeruginosa is frequently complicated due to limited
susceptibility patterns to different antibiotics and the
emergence of antibiotic resistance during therapy [13].
Eradication of MDR P. aeruginosa from hospital burn
wards is a demanding task, therefore is preferred to use
minimum inhibitory concentration and combination
antibiotics therapy to provide broader spectrum
antimicrobial effects and to prevent the rapid
emergence of resistance in nosocomial infections
caused by P. aeruginosa [14].

P. aeruginosa pathogenesis is linked with the
production of different virulence factors; rhamnolipids,
pyocyanin, exotoxin A, elastase, phospholipase C, and
Type-III Secretion System (T3SS) [15]. Through T3SS
P. aeruginosa injects 04 effector proteins into host
cytosol: Exo-enzyme Y, Exo-enzyme S, Exo-enzyme
T, and Exo-enzyme U encoded by the genes exoY, exosS,
exoT, and exoU, respectively. exoY and exoT play a
minor role in virulence, exoY and exoT are present in
most of the clinical isolates [16], while exoU are
generally variably distributed and exoS are the more
prevalent ones among the isolates [17]. Previous reports
showed that exoS in burn cases is associated with
increased virulence [18]. ExoU displays high-level
cytotoxicity in various cell lines including fibroblast,
epithelial, and macrophages [19,20].

Studies regarding the MICs of various drugs against
P. aeruginosa and also the presence of different
virulence-associated genes in burn patients will
increase our understanding for timely treatment
strategies in burns to avoid the risk for complications.
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Limited data is available in this regard from developing
countries, especially Pakistan. Keeping in view the
above, the present study is carried out with the aim of
determining the prevalence of MDR P. aeruginosa in
burn patients admitted to MTI-Lady Reading Hospital
and MTI-Khyber teaching hospital, Peshawar. Isolates
will also be checked for their antibiotic susceptibility
patterns and MICs of effective antibiotics against MDR
strains. Furthermore, enhanced virulence due to the
presence of T3SS genes will also be evaluated by
amplification of exoS, exoT, exoU and exoY.

Methodology
Sample collection

The current experimental study was conducted at
the Burn Unit and Microbiology Department of two
hospitals (MTI-LRH and MTI-KTH, Peshawar). A total
of 160 non-duplicate different clinical pus samples
were collected from burn patients at the burn unit of
these hospitals using standard microbiological
techniques. These clinical samples include 76 males
and 84 females, aged between (9 months and 80 years)
who were admitted to or attended burn units, over a
period of six months. Patients were distributed
according to age into the following groups: group 1 (<
1 year), age group 2 (2-20 years), age group 3 (21-40
years), age group 4 (41-60 years), and age group 5 (61-
80 years).

Isolation and Identification of P. aeruginosa Isolates

Samples were inoculated on MacConkey agar
(Oxoid, UK), Blood agar (Oxoid, UK), and
Pseudomonas cetrimide agar (PCA) plates followed by
incubation at 37 °C for overnight. Phenotypic
identification of P. aeruginosa was performed using
standard laboratory techniques, observing colony
morphology on MacConkey and blood agar plates, and
biochemical tests (urease, oxidase, motility test, and
fermentation of different sugars).

Antimicrobial Susceptibility Testing

The antibiotic susceptibility test of P. aeruginosa
isolates was performed by Kirby Bauer’s Disc
Diffusion method using 10 different antibiotics
including cell wall inhibitors (Piperacillin-tazobactam,
Cefepime, Aztreonam, Ceftazidime, Amoxicillin-
clavulanic acid, Imipenem), Cell membrane inhibitors
(Colistin sulfate, Polymyxin-B), Protein synthesis
inhibitor (Amikacin) and DNA replication inhibitor
(Ciprofloxacin). P. aeruginosa ATCC 27853 was used
as quality-control strain. Results were interpreted
according to the guidelines of CLSI-2022 [32].
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Table 1. Primers used for detection of virulence genes exoS, exoT, exoY and exoU by PCR.

J Infect Dev Ctries 2023; 17(8):1130-1137.

Target Gene Primer Sequence (5-3") Product Size (bp) Reference
exoS F: GCGAGGTCAGCAGAGTATCG 118
R: TTCGGCGTCACTGTGGATGC 21]
exol F: CCGTTGTGGTGCCGTTGAAG 134
R: CCAGATGTTCACCGACTCGC
exoY F: CGGATTCTATGGCAGGGAGG 789
R: GCCCTTGATGCACTCGACCA
exoT F: AATCGCCGTCCAACTGCATGCG 152

R: TGTTCGCCGAGGTACTGCTC

Determination of Minimum Inhibitory Concentrations
(MIC)

Stock solutions of selected antibiotics were
prepared according to their labeled potencies and stored
immediately at -70 °C. MDR P. aeruginosa were
selected after antimicrobial susceptibility assay and
their MICs of effective antibiotics such as Polymyxin-
B, Colistin Sulfate, Imipenem, and Piperacillin-
Tazobactam were performed by modified broth
microdilution method [33] using Resazurin dye. The
MIC was defined as the lowest antimicrobial
concentration with no visible observed growth. The
MICsy and MICy were defined as the minimum

Table 2. Distribution of the Burn Patients and P. aeruginosa in
terms of age, gender, burn cause, exposure, residence, and stay

in hospital.

Factors Burn cases P. aeruginosa
n (%) n (%)
Age (Years)
<1 10 (6.25) 2 (7.69)
2-20 100 (62.5) 22 (84.61)
21-40 28 (17.5) -
41-60 20 (12.5) 2 (7.69)
61-80 2(1.25) -
Gender
Male 76 (47.5) 16 (61.53)
Female 84 (52.5) 10 (38.46)
Residence
Rural 98 (61.25) 14 (53.84)
Urban 62 (38.75) 12 (46.15)
Hospitalization Stay (days)
1-7 106 (66.25) 16 (61.53)
8-14 18 (11.25) 6 (23.07)
15-21 8(5) -
22-28 22 (13.75) 2 (7.69)
29-35 6 (3.75) 2 (7.69)
Burn Cause
Accidental 160 (100) 26 (100)
Exposure
Boiled Water 28 (17.5) 4 (15.38)
Cooking 8 (5) 2 (7.69)
Electricity 28 (17.5) 6 (23.07)
Fire 28 (17.5) 2 (7.69)
Gas 12 (7.5) -
Tea/Milk 34 (21.25) 12 (46.15)
Qil/Petrol 22 (13.75) -

antimicrobial amount that inhibits 50% and 90% of
isolates respectively.

Preparation of DNA Templates and amplification of
virulence genes

DNA from all MDR strains were extracted by
ethanol precipitation method [34]. The extracted DNA
was kept at -20°C before further processing. For the
investigation of virulence genes (exoS, exoT, exoU and
exoY) through PCR, specific primers were used given
in the Table 1.

Results
Demographic data of burn patients

Out of 160 burn cases, 84 (52.5%) were females and
76 (47.5%) were males of age ranges from 1 to 76 years.
Maximum number of observed cases were in the age
group 2 to 20 years (n = 100, 62.5%). Majority of the
burn patients were from rural areas (n = 98, 61.25%).
All 160 cases (100%) were accidental, and no one was
suicidal. Overall, 34 patients (21.25%) had tea/milk
burn injuries followed by 28 patients (17.5%) had
boiled water, fire, and electricity injuries. The rest
patients were having 13.75%, 7.5%, and 5% burn
injuries by oil, gas, and cooking respectively. In
contrast to females, burns due to tea/milk exposures
were more frequent in males (58.82%) (Table 2).

Isolation of P. aeruginosa from clinical samples

Of 160 clinical pus samples from a burn, 26
(16.25%) were positive for P. aeruginosa. Among these
26 P. aeruginosa isolates, 16 were collected from males
and 10 were from females. Males were commonly
affected by P. aeruginosa (16, 61.53%) compared to
females (10, 38.46%). The prevalence of P. aeruginosa
was more in age group 2 (22 isolates; 84.61) followed
by age group 1 and 4 (2 isolates; 7.69% in each). In
patients’ distribution according to stay in the hospital,
the highest incidence of P. aeruginosa was observed in
1-7 days stay (16 isolates; 61.53%) followed by 8-14
days stay (06 isolates; 23.07), 22-28 days stay (02
isolates; 7.69%), 29-35 days stay (02 isolates; 7.69%).
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Table 3. Antibiotics susceptibilities of 26 P. aeruginosa isolates from burn patients against 10 antibiotics.
Antibiotic Susceptibility (N = 26)

Antibiotics Sensitive - S Intermediate - I Resistant - R
n % n % n %
Colistin Sulfate 20 76.92 0 - 6 23.08
Polymyxin-B 22 84.62 0 - 4 15.38
Amikacin 6 23.08 0 - 20 76.92
Ciprofloxacin 6 23.08 0 - 20 76.92
Piperacillin-Tazobactam 8 30.77 4 15.38 14 53.85
Cefepime 4 15.38 0 - 22 84.62
Ceftazidime 4 15.38 0 - 22 84.62
Ciprofloxacin 6 23.08 0 - 20 76.92
Aztreonam 4 15.38 2 7.69 20 76.92
Imipenem 12 46.15 0 - 14 53.85
Amoxicillin-clavulanic acid 0 - 0 - 26 100.00
Table 4. Distribution of resistance pattern among MDR P. aeruginosa isolates against different antibiotics.
Antibiotic resistant profile Number of antibiotics Numl.)er of ?ntlbwtlc Total n.umber of resistant
resistant isolates isolates (%)
AMC, ATM, CIP, CAZ, FEP, AK, IPM, 10 1 9.09
TZP, CT, PB ’
AMC, ATM, CIP, CAZ, FEP, AK, IPM, 9 1 9.09
TZP, CT ’
AMC, ATM, CIP, CAZ, FEP, AK, IPM, TZP 8 5 45.45
AMC, ATM, CIP, CAZ, FEP, AK 6 3 2727
AMC, ATM, CAZ, FEP, CT, PB '
AMC, CIP, CAZ, FEP, AK 5 1 9.09

CT: colistin sulfate; AK: amikacin; TZP: piperacillin-tazobactam; PB: polymyxin-B; FEP: cefepime; CAZ: ceftazidime; ATM aztreonam; IPM: imipenem; AMC:
amoxicillin-clavulanic acid; CIP: ciprofloxacin.

Table 5. Minimum inhibitory concentrations (MICs) of 4 antibiotics against 22 MDR-Pseudomonas aeruginosa isolates from burn.
Number of isolates with MIC values (ng/ml)

Antibiotics

1 2 4 8 16 32 64 128 256 512 1024
Polymyxin-B 6 16 - - - - - - - - -
Colistin Sulfate - 8 12 2 - - - - - - -
Imipenem - - - - 4 4 10 - - 2 2
Piperacillin -Tazobactam - - - - - - - 8 10 2 2

Table 6. MIC Ranges, and MICso, MICoo values of 22 MDR P. aeruginosa isolates from burn patients.

Antibiotic MIC Range pg/mL MICso pg/mL MICyo pg/mL
Polymyxin-B 1-2 2 2
Colistin Sulfate 2-8 4 4
Imipenem 16-1024 64 512
Piperacillin - Tazobactam 128-1024 256 512

MICsy: MIC that inhibit 50% of strains; MICy,: MIC that inhibit 90% of strains.
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The highest incidence of P. aeruginosa was observed in
burn cases of Tea/milk (n = 12/26, 46.15%) followed
by electricity (n = 6/26, 23.07%) and boiled water (n =
4/26, 15.38%). The lowest incidence of P. aeruginosa
was found in cooking and in fire cases which was 2/26
(7.69%) in each (Table 2).

Antimicrobial Susceptibility Profile of Pseudomonas
aeruginosa

Table 3 shows the antibiotic susceptibility pattern
of all P. aeruginosa isolates, all pseudomonal isolates
were 100% resistant to amoxicillin-clavulanic acid,
84.62% resistance to Cefepime and Ceftazidime and
76.92% resistance to Amikacin, Aztreonam and
Ciprofloxacin. Whereas low resistance was shown to
Imipenem and Piperacillin-Tazobactam (53.85%),
Colistin Sulfate (23.08%), and Polymyxin-B (15.38%).
Among these 22 (84.61%) out of 26 are resistant to
three or more antibiotics and were interpreted as MDR
P. aeruginosa. While 4 (15.39%) strains are resistant to
only one antibiotic, interpreted as non-MDR.

Table 4  shows the  distribution  of
resistance/resistance  pattern among MDR P
aeruginosa isolates against different antibiotics, one
MDR P. aeruginosa isolate showed resistance to 10
antibiotics, one isolate showed resistance to 9
antibiotics, and five showed resistance to 8 antibiotics,
three isolates showed resistance to 6 antibiotics, and
one isolate showed resistance to 5 antibiotics. The most
frequent resistance profile among isolates included
resistance to 10 (9.09%), 9 (9.09%), 8 (45.45%), 6
(27.27%), and 5 (9.09%) antibiotics.

Minimum Inhibitory Concentration (MIC)

The MICs of each antibiotic alone for P. aeruginosa
are shown in Table 5. The Polymyxin-B had low MICs
for P. aeruginosa (MICsy 2 pg/mL: MICy 2 pg/mL).
The values of MICy of Polymyxin-B, Colistin Sulfate,
Imipenem, and Piperacillin-Tazobactam for MDR- P.
aeruginosa strains were 2, 4, 512 and 512 pg/mL,
respectively. While the values of MICs, of Polymyxin-
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B, Colistin Sulfate, Imipenem, and Piperacillin-
Tazobactam for MDR- P. aeruginosa strains were 2, 4,
64 and 256 pug/mL, respectively. Table 6 shows MIC
Ranges, and MICsp, MICyy values of all MDR P.
aeruginosa.

Genotypic detection of virulence genes

Concerning the virulence genes, prevalent one was
exoT (100%; 26/26) followed by exoY (88.46%; 23/26),
exoU (57.69%; 15/26), and exoS (38.46%; 10/26). 4
(15.38%) of isolates carried both exoU and exoY, while
10 (38.46%) showed existence of exoY and exoS, and
only two (7.69%) carried both exoU and exoS genes.
Co-existence of exoU, exoS, and exoY was observed in
1(3.84%) isolate (Figure 1).

Discussion

P. aeruginosa is a serious nosocomial pathogen and
the major cause of fatal infections in cystic fibrosis,
hospitalized, immunocompromised, and especially in
burn patients. The main causes of morbidity and
mortality in burn wound infections are increased
prevalence and drug resistance. Because of the
increased prevalence rate of P. aeruginosa, they are
exposed to different antibiotics and thus become MDR
[22].

In the current study, the female (52.5%) population
was affected more as compared to males (47.5%). This
may be due to more involvement of females in
household chores, which demand more exposure to fire
(e.g., in cooking and heating). A similar pattern was
observed by Anvarinejad et al. [9], females (53%) were
affected more than males (47%).

In the current study, the most prevalent organism
isolated from burn patients was P. aeruginosa
(16.25%). Similar studies are available in literature that
showed a high prevalence of P. aeruginosa in burn
patients [2,23]. Naseer ef al. from Egypt also reported
P. aeruginosa as the most frequent isolate (21.6%) in
their study [24]. The high prevalence of P. aeruginosa
in the burn center is due to the presence of dead and

Figure 1. Amplification bands of isolate 1 to 18 exoY (289bp) on the agarose gel.
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denatured burn eschar, and a moist environment which
makes the burn wounds vulnerable to infections by P.
aeruginosa [7,8].

The existence of MDR P. aeruginosa isolates leads
to many problems, concerning the treatment of
infections. Therefore, continuous surveillance to
prevent the further spread of MDR P. aeruginosa
isolates and inhibition of colonization in burn centers
should be employed. In present study 22 (84.61%)
isolates were MDR P. aeruginosa. A similar study was
carried out by Anvarinejad et al. [9], which revealed
that 63.50% of isolates were MDR P. aeruginosa
among burn patients.

Pseudomonal infections in burn patients are highly
resistant. So, it is important to develop treatment
strategies against these highly resistant infections. For
this, it is necessary to design such a type of research
study which find out the accurate amount of antibiotics
for the treatment of the patient. Keeping in view this,
the present study was designed to find out antibiotic
susceptibility patterns and MICs of effective drugs
against Pseudomonal isolates.

In the present study, the resistance rate of P.
aeruginosa isolates against investigated antibiotics was
relatively high. All isolates were resistant to
Amoxicillin-clavulanic acid (100%) followed by
cefepime and ceftazidime (84.62%), aztreonam,
ciprofloxacin and amikacin (76.92%). A similar study
by Nikokar et al. [11], showed that P. aeruginosa
acquired high-level resistance against Ceftazidime
(68.6%), Piperacillin (69.7%), and Ciprofloxacin
(63.3%). A high level of resistance to Gentamicin
(80%), Amikacin (73%) was also reported by MR et al.
[25]. Upadhaya ef al. showed that the highest resistance
was found against Piperacillin/Tazobactam (82.4%),
Cefotaxime (76.5%) Ceftazidime (70.6%) [2].
Intermediate resistance was seen in imipenem and
piperacillin-tazobactam  (53.85%) and low-level
resistance was seen in colistin sulfate (23.08%) and
polymyxin-B (15.38%) in our study. While a study
conducted by Upadhaya et al. [2], in Nepal, shows a low
level of resistance for Gentamicin (37.2%) and
Imipenem (23.3%).

In the current study out of 26 Pseudomonal isolates,
22 (84.61%) were found to be MDR. Goudarzi et al. in
Iran also found 80.8% multidrug resistance in P.
aeruginosa which is higher than the rate of MDR
reported in Turkey (20.9%) and Brazil (71%) and lower
than China (90.1%) and Thailand (100%) [26]. The
main factors that play a crucial role in developing
resistance are a poor hygienic statement, the difference
in the type of strains, epidemiological conditions, the
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ability of strains the acquisition of resistant genes,
unrestricted prescriptions, and frequent use of
antibiotics for the treatment of burn infections.

In the present study, Polymyxin-B was the most
effective antibiotic against P. aeruginosa which is
consistent with other studies conducted at Iranian burn
centers. A similar study by Upadhaya et al. [2], in
Nepal, showed that Imipenem was the most effective
antibiotic against P. aeruginosa. Similar studies [23],
showed that Amikacin was the most effective drug
against all P. aeruginosa isolates with maximum
sensitivity (80.5%) followed by Imipenem (66.7%) and
Gentamicin (56.1%).

In the present study, the MIC assay was done by the
modified broth microdilution method. MICsy and MICoyj
values were 2 and 2 pg/mL for polymyxin B; 64 and
512 pg/mL for imipenem; 4 and 4 pg/mL for colistin
sulfate; 256 and 512 pg/mL for piperacillin-
tazobactam, respectively. A similar study was carried
out by Nazli et al. [27], in which MICsy and MICyg
values were 2 and 32 pg/mL for imipenem, and 1 and
1.5 pg/mL for colistin, respectively. Another study by
Maeda et al. [28] reported that MICsy and MICy values
were 16 and 256 pg/mL for meropenem, 32 and 128
pg/mL for piperacillin-tazobactam respectively.

Concerning the virulence genes, 100% of the
1solates carried exoT, 88.46% carried exoY, 57.69% and
38.46% carried exoU and exoS, respectively. The
virulence gene exoT and exoY as compared to exoS and
exoU were more prevalent in the isolates, confirming
previous reports [17,29]. Cytotoxicity toward
macrophages and epithelial cells triggered by ExoU has
been previously reported [30,31]. The presence of exoU
gene in MDR-P. aeruginosa is of great importance due
to exoU association with a high level of cytotoxicity and
very restricted therapeutic choices to treat burn patients.
The exoU gene-carrying isolates showed resistance to
ceftazidime, cefepime, carbapenems, gentamicin and
piperacillin-tazobactam. This association between
exoU gene and MDR-P. aeruginosa was also reported
by Garey et al. [16].

Conclusions

The absence of new anti-pseudomonal agents
against MDR P. aeruginosa has amplified the problem.
Therefore, polymyxin B and colistin are becoming the
last resort for the treatment of such infections.
Consequently, these agents must be instituted early in
the management of patients, who have as a consequence
of their injury, a severely challenged renal function,
and, therefore, contribute to increased morbidity and
mortality. The use of these two agents was stopped
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since 1980 due to dose-related nephrotoxicity. Colistin
should mainly be wused as salvage therapy in
combination with one or more antimicrobials. In the
present study, maximum strains were sensitive to
polymyxin B (84.62%) and colistin sulfate (76.92%).
These findings further emphasize the need for antibiotic
discipline and to follow the recommended hospital
antibiotic policy to prevent the proliferation of MDR
strains of P. aeruginosa in the community.

Acknowledgements

We would like to acknowledge the support receive from
researchers working in Pure Health Laboratory, Mafraq
Hospital, Abu Dhabi, United Arab Emirates, Centre of
Postgraduate Studies, Lincoln University College, Malaysia,
Ascencia Business School, College de Paris, France, School
of Life Science, Manipal Academy of Higher Education,
Dubai, United Arab Emirates, Bacha Khan University,
Charsadda, KP, Pakistan, Department of Microbiology,
Quaid-i-Azam University, Islamabad, Pakistan, Department
of Microbiology, Sarhad University of Science and
Information Technology, Peshawar, Pakistan, Department of
Medical Laboratory Technology, National Skills University,
Islamabad, Pakistan and finally but not the least from MTI-
LRH and MTI-KTH, Peshawar, Pakistan for providing the
samples.

J Infect Dev Ctries 2023; 17(8):1130-1137.

References

1. Biswal I, Arora BS, Kasana N (2014) Incidence of multidrug
resistant Pseudomonas aeruginosa isolated from burn patients
and environment of teaching institution. JCDR 8: DC26-DC29.

2. Upadhaya S, Shenoy R, Shetty V, Lamsal A, Lamichhane P,
Pokhrel S (2014) Multi-drug resistant Pseudomonas
aeruginosa isolated from intensive care burn unit. [JBR 5: 271-
273. doi: 10.7439/ijbr.v514.584.

3. Spoorthi NJ, Vishwanatha T, Reena V, Divyashree BC,
Aishwarya S, Siddhalingeshwara KG, Ramesh I (2011)
Antibiotic synergy test: checkerboard method on multidrug
resistant Pseudomonas aeruginosa. Int. Res. J. Pharm. 2: 196-
198.

4. Nasreen M, Sarker A, Malek MA, Ansaruzzaman MD,
Rahman M (2015) Prevalence and resistance pattern of
Pseudomonas aeruginosa isolated from surface water. Adv.
Microbiol 5: 74-81. doi: 10.4236/aim.2015.51008.

5. Japoni A, Farshad S, Alborzi A (2009) Pseudomonas
aeruginosa: burn infection, treatment and antibacterial
resistance. IRCMJ 11: 244-253.

6. Porras-Gomez M, Vega-Baudrit J, Nufez-Corrales S (2012)
Overview of multidrug-resistant Pseudomonas aeruginosa and
novel therapeutic approaches. J. biomater. Nanobiotechnol 3:
519-527. doi: 10.4236/jbnb.2012.324053.

7. Naqvi ZA, Hashmi KH, Rizwan QM, Kharal SA (2005)
Multidrug resistant Pseudomonas aeruginosa: a nosocomial
infection threat in burn patients. Pakistan J. Pharma 22: 9-15.

8. Bhatt P, Rathi KR, Hazra S, Sharma A, Shete V (2015)
Prevalence of multidrug resistant Pseudomonas aeruginosa
infection in burn patients at a tertiary care center. Indian J.
Burns 23: 56-59. doi: 10.4103/0971-653X.171656.

9. Anvarinejad M, Japoni A, Rafaatpour N, Mardaneh J, Abbasi
P, Shahidi MA, Alipour E (2014) Burn patients infected with
metallo-beta-lactamase-producing Pseudomonas aeruginosa:
multidrug-resistant strains. Arch. Trauma. Res. 3: 1-5. doi:
10.5812/atr.18182.

10. Mansoor K, Tanvir SB, Shariq A, Hussain A, Farooqi BJ,
Ahmed S, Tanvir R (2015) frequency and susceptibility pattern
of multidrug resistant Pseudomonas aeruginosa in isolates of
patients from a tertiary care hospital of Karachi, Pakistan. Eur.
J. Biotechnol. Bio. Sci. 2: 33-36.

11. Nikokar I, Tishayar A, Flakiyan Z, Alijani K, Rehana-
Banisaeed S, Hossinpour M, Araghian A (2013) Antibiotic
resistance and frequency of class 1 integrons among
Pseudomonas aeruginosa, isolated from burn patients in
Guilan, Iran. Iran J. Microbiol. 5: 36-41.

12. Anjum F, Mir A (2010) Susceptibility pattern of Pseudomonas
aeruginosa against various antibiotics. Afr. J. Microbiol. Res.
4:1005-1012.

13. Moazami-Goudarzi S, Eftekhar F (2013) Assessment of
carbapenem susceptibility and multidrug-resistance in
Pseudomonas aeruginosa burn isolates in Tehran. Jundishapur
J. Microbiol. 6: 162-165. doi: 10.5812/jjm.5036.

14. Dundar D, Otkun M (2010) In-vitro efficacy of synergistic
antibiotic combinations in multidrug resistant Pseudomonas
aeruginosa strains. Yonsei Med. J. 51: 111-116. doi:
10.3349/ym;.2010.51.1.111.

15. El-Solh AA, Hattemer A, Hauser AR, Alhajhusain A, Vora H
(2012) Clinical outcomes of type Il Pseudomonas aeruginosa
bacteremia. Crit. Care Med. 40: 1157-1163. doi:
10.1097/CCM.0b013e3182377906.

16. Garey KW, Vo QP, Larocco MT, Gentry LO, Tam VH (2008)
Prevalence of type III secretion protein exoenzymes and

1136



Ullah et al. — T3SS, AST and MIC of MDR-P. aeruginosa

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

antimicrobial susceptibility patterns from bloodstream isolates
of patients with Pseudomonas aeruginosa bacteremia. J.
Chemother. 20: 714-720. doi: 10.1179/joc.2008.20.6.714
Agnello M, Wong-Beringer A (2012) Differentiation in
quinolone resistance by virulence genotype in Pseudomonas
aeruginosa. PloS One 7: 1-8. doi:
10.1371/journal.pone.0042973

Bjorn MJ, Pavlovskis OR, Thompson MR, Iglewski BH (1979)
Production of exoenzyme S during Pseudomonas aeruginosa
infections of burned mice. Infect. Immun. 24: 837-842. doi:
10.1128/iai.24.3.837-842.1979.

Hauser AR, Cobb E, Bodi M, Mariscal D, Vallés J, Engel JN,
Rello J (2002) Type III protein secretion is associated with
poor clinical outcomes in patients with ventilator-associated
pneumonia caused by Pseudomonas aeruginosa. Crit. Care
Med. 30: 521-528. doi: 10.1097/00003246-200203000-00005.
Schulert GS, Feltman H, Rabin SD, Martin CG, Battle SE,
Rello J, Hauser AR (2003) Secretion of the toxin ExoU is a
marker for highly virulent Pseudomonas aeruginosa isolates
obtained from patients with hospital-acquired pneumonia. J.
Infect. Dis. 188: 1695-1706. doi: 10.1086/379372.

Lee JY, Peck KR, Ko KS (2013) Selective advantages of two
major clones of carbapenem-resistant Pseudomonas
aeruginosa isolates (CC235 and CC641) from Korea:
antimicrobial resistance, virulence and biofilm-forming
activity. J.  Med. Microbiol. 62: 1015-1024. doi:
10.1099/jmm.0.055426-0.

Goudarzi M, Azad M, Seyedjavadi SS, Goudarzi G, Rashidan
M (2014) Study of flagellin profiling in multidrug resistant
Pseudomonas aeruginosa (MDRPA) isolated from burn
wound infections, Tehran, Iran. J. Paramed. Sci. 5: 40-45.
Ullah F, Malik SA, Ahmed J (2009) Antimicrobial
susceptibility and ESBL prevalence in Pseudomonas
aeruginosa isolated from burn patients in the North West of
Pakistan. Burns 35: 1020-1025. doi:
10.1016/j.burns.2009.01.005.

Nasser S, Mabrouk A, Maher A (2003) Colonization of burn
wounds in Ain Shams University burn unit. Burns, 29: 229-
233. doi: 10.1016/S0305-4179(02)00285-1.

MR BN, Hajia M (2012) Multidrug-resistant Pseudomonas
aeruginosa strains in Tehran reference burn hospital, Tehran,
Iran. Afr. J. Microbiol. Res. 6: 1393-1396. doi:
10.5897/AJMR11.1048.

Goudarzi G, Sattari M, Roudkenar MH, Montajabi-Niyat M,
Zavaran-Hosseini A, Mosavi-Hosseini K (2009) Cloning,
expression, purification, and characterization of recombinant

27.

28.

29.

30.

31.

32.

33.

34.

J Infect Dev Ctries 2023; 17(8):1130-1137.

flagellin isolated from Pseudomonas aeruginosa. Biotechnol.
Lett. 31: 1353-1360. doi: 10.1007/s10529-009-0026-1.

Nazli E, Zer Y, Eksi F (2015) In vitro efficacy of various
antibiotic combinations against Pseudomonas aeruginosa
isolates. J. Int. Med. 43: 217-225. doi:
10.1177/0300060514553490.

Maeda K, Kobayashi Y, Oie S, Ishida S, Okano Y, Kobayashi
T, Kamiya A (2008) Antimicrobial effects of drugs against
multidrug-resistant Pseudomonas aeruginosa. Biol. Pharm.
Bull. 31: 1898-1901. doi: 10.1248/bpb.31.1898.

Feltman H, Schulert G, Khan S, Jain M, Peterson L, Hauser AR
(2001) Prevalence of type III secretion genes in clinical and
environmental isolates of Pseudomonas  aeruginosa.
Microbiol. 147: 2659-2669. doi: 10.1099/00221287-147-10-
2659.

Finck-Barbangon V, Goranson J, Zhu L, Sawa T, Wiener-
Kronish JP, Fleiszig SM Frank DW (1997) ExoU expression
by Pseudomonas aeruginosa correlates with acute cytotoxicity
and epithelial injury. Mol. Microbiol. 25: 547-557. doi:
10.1046/j.1365-2958.1997.4891851 .x.

Hauser AR, Engel JN (1999) Pseudomonas aeruginosa
induces type-Ill-secretion-mediated apoptosis of macrophages
and epithelial cells. Infect. Immun. 67: 5530-5537. doi:
10.1128/1AL.67.10.5530-5537.1999.

CLSI (2022) Performance standards for antimicrobial
susceptibility testing. 30th ed. CLSI supplement M100. Wayne
PA: Clinical and Laboratory Standard Institute.

Pfaller MA, Andes D, Diekema DJ, Espinel-Ingroff A,
Sheehan D (2010) CLSI subcommittee for antifungal
susceptibility ~ testing,  wild-type mic  distributions,
epidemiological cutoff values and species-specific clinical
breakpoints for fluconazole and Candida: time for
harmonization of CLSI and EUCAST broth microdilution
methods. Drug Resist. Updat. 13: 180-195. doi:
10.1016/j.drup.2010.09.002

Fregel R, Gonzélez A, Cabrera VM (2010) Improved ethanol
precipitation of DNA. Electrophoresis 31: 1350-1352. doi:
10.1002/elps.200900721.

Corresponding author

Kanwal Mazhar

Department of Microbiology,

Abdul Wali Khan University, Mardan, Pakistan.
E-mail: kanwal.mazhar1988@gmail.com

Conflict of interests: No conflict of interests is declared.

1137



	Introduction
	Methodology
	Sample collection
	Isolation and Identification of P. aeruginosa Isolates
	Antimicrobial Susceptibility Testing
	Determination of Minimum Inhibitory Concentrations (MIC)
	Preparation of DNA Templates and amplification of virulence genes

	Results
	Demographic data of burn patients
	Isolation of P. aeruginosa from clinical samples
	Antimicrobial Susceptibility Profile of Pseudomonas aeruginosa
	Minimum Inhibitory Concentration (MIC)
	Genotypic detection of virulence genes

	Discussion
	Conclusions
	Acknowledgements
	References
	Corresponding author


