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Abstract

Background: Pseudomonas aeruginosa (PA) is a major public health community-acquired threat around the
globe due to the growing rate of antimicrobial resistance. It is one of the most common trending causes of
nosocomial infections.

Objective: The current study aimed to check the rate of multidrug-resistant (MDR) and extended drug-
resistant (XDR) PA and to analyze the invitro activity of different antimicrobial agents against clinically
isolated bacterial samples. Molecular Detection and amplification of L lipoprotein (OprL gene) were also
done to determine the frequency and species of different strains of Pseudomonas aeruginosa (PA2192,
C3719,PA01, PA14 and PACS2).

Method: This cross-sectional study was conducted at at the Department of Pathology, King Edward Medical
University/ Mayo Hospital Lahore. Total 140 patients were included in the study. Biochemical
characterization, molecular identification, antimicrobial susceptibility profiling and DNA sequencing of the
desired gene were done to confirm different strains' identification.

Results: MDR and XDR Pseudomonas aeruginosa infection are more common among males 81(57.5%) and
high among the 31-45 age group, i.e., 55 (39.3%). After antibiotic susceptibility testing, 60% of strains were
found to be MDR PA, while 40% were categorized as XDR PA. Doripenem showed the highest sensitivity, 93
(66.4%) among all carbapenems. Polymyxin B showed the highest activity against Pseudomonas aeruginosa
multi and extensively drug-resistant strains, i.e., 108 (77.1%).

Conclusion: The present study suggests that doripenem can be the only active agent for combating infections,
and the Carbapenem drug appears effective against highly resistant strains of Pseudomonas aeruginosa.
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aeruginosa antibiotic resistance is increasing nowadays
all over the world." It is the third leading cause of
gram-negative infections in the United States, infecting
4% of 24,179 adult cases with nosocomial bloodstream
infections.” In Pakistan, due to the highest frequency
among all MDR organisms isolated in clinical investi-
gation, epidemiological surveillance for susceptibility
of Pseudomonas aeruginosa is essential to select the
best empirical antibiotics. Local data is scanty for multi-
drugresistant (MDR) and extended drug resistant (XDR)
for Pseudomonas aeruginosa. Anti-Pseudomonas aeru-
ginosa antimicrobial drug classes include penicillin
with B-lactamase inhibitors (Ticarcillin-clavulanic acid
and Piperacillin-tazobactam); Carbapenems’ (imipenem,
doripenem and meropenem); Aminoglycoside’ (ami-
kacin, gentamicin, tobramycin and netilmicin); Fluoro-
quinolones® (ciprofloxacin and levofloxacin); Poly-
myxins (Colistin and polymyxin B); Monobactams
(aztreonam); Phosphonic acids (fosfomycin).” The
nonspecific usage of antimicrobials and increased rate
in invasive procedures, along with the expansion of
intrinsic in addition to acquired resistance among P.
aeruginosa strains, resulted in the progression of the
emergence of diverse multidrug-resistant P. aeruginosa
epidemics in medical settings.” The threat s to carriers
admitted in acquiring MDR pathogens correlates to
carriers admitted in a similar ward but also to persona-
lized risk factors, i.e., patient features and hospital pro-
ceedings such as the use of invasive devices in addition
to antibiotic intake.® Accurate, rapid identification of
different Pseudomonas aeruginosa species and various
antimicrobial drugs against PA is a critical constituent
to treat MDR/XDR infections. Detection of PA with
the conventional qualitative method requires at least
3 or 4 days due to 48 hours of incubation time for pure
culture, which is used for biochemical characterization.
One of the major drawbacks of the conventional method
is that it is easily misunderstood with other types of
gram negatives bacilli. So, using molecular detection
techniques (polymerase chain reaction) can improve
more precise Detection of Pseudomonas strains. L lipo-
protein (OprL)is an outer membrane protein of PA that
is critical in antibiotic resistance. So, this protein is an
important factor for identifying Pseudomonas strains in
clinical isolates by molecular characterization method.™"
Knowledge about epidemiology and possible risk
elements for acquiring MDR/XDR-PA infection is vital

for an appropriate and early assortment of appropriate
antibiotics. So, this study was designed to investigate
the rate and molecular characterization of MDR and
XDR Pseudomonas aeruginosa among hospitalized or
immunosuppressed patients.

Methods

Sampling for a comparative cross-sectional study was
done using a non-probability purposive sampling tech-
nique from Tertiary Care Hospitals in Lahore and mana-
ged at the Department of Pathology, King Edward
Medical University, Lahore. Each sample was obtained
from a single individual. Out of 140 samples selected
for this study, 53.6 % samples were cultured from pus,
20.7% from sputum,9.3% from urine, 5% from endo-
tracheal tube, 2.9% from pleural fluid and blood, 2.1%
from Foley tip, 1.4% from chest tube, 0.7% bronchial
washing, HVS and tissue fluid. Microbiological identi-
fications were proceeded by shape and size of colonies
which were determined by using Centrimide agar, gram
staining and biochemical characterization such as oxi-
dase, urease, triple sugar iron agar and citrate utilization
test was done for structural conformation."

Antibiotic sensitivity testing was performed to find out
the sensitivity profile of bacteria by using the Kirby-
Bauer Disk Diffusion method.” The antimicrobial
susceptibility profiling was done by using sixteen anti-
microbial agents from seven antimicrobial classes (carba-
penems, cephalosporin, aminoglycosides, fluoroquino-
lones, penicillin, B-lactamase inhibitors, monobactams,
polymyxins) were determined. Different antibiotics were
used which included gentamicin (CN), amikacin (AK),
netilmicin (NET), tobramycin (TOB), ceftazidime (CAZ),
cefepime (FEP), levofloxacin (LVX), ciprofloxacin
(CIP), piperacillin-tazobactam (TZP), ticarcillin-clavu-
lanic acid (TIM), imipenem (IPM), meropenem (MEM),
doripenem (DOR), aztreonam (ATM), colistin (CST),
polymixin B (PMB).

Genomic DNA isolated from all strains was amplified
using a polymerase chain reaction. Two Selective OprL
gene primers (5’ATGGAAATGCTGAAATTCGGC 3’
and 5° CTTCTTCAGCTCGACGCGACG 3’) were
used and result observed on 1% agarose gel under UV
trans illuminator. For sequencing of 25 OprL, amplified
gene samples were sent to Macrogen Korea. Sequences
were obtained and then analyzed online with BLAST.
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Results

This study was conducted in the Microbiology depart-
ment at King Edward Medical College University from
June 2019 to December 2019. During this period, 140
samples of Pseudomonas aeruginosa were collected
from the same number of patients and processed at the
Microbiology lab of the Department of Pathology, King
Edward Medical University, Lahore. All Molecular
Biological work was done at the Advance Diagnostic
lab, Punjab AIDS Control Program, Lahore. The MDR
and XDR infection rateThe MDR and XDR infection
rate is high in male patients, i.e., 81 (57.5%) and low in
females, 59(42.1%). The infection rate was high among
the 31-45 age group, i.e., 39.3%, followed by 46-60
years of age (27.1%). Microbiological identification
of Pseudomonas aeruginosa was done based on their
biochemical properties. Among all pseudomonas, only
Pseudomonas aeruginosa can grow on cetrimide agar.
Gram staining showed gram-negative rods on micro-
scopy and positive citrate and oxidase test results. 60%
of Pseudomonas aeruginosa strains fitted the criteria
of being MDR PA, while 40% of strains were classified
as XDR PA based on drug susceptibility profiling.""
From all antibiotics tested for their activity against MDR
strains, in total, 84 subjects showed the following results
such as in aminoglycosides class amikacin 58(69.0%)
showed the highest sensitivity and highest resistances
showed by tobramycin 38(45.3%). In the carbapenem
class, the highest sensitivity showed by doripenem
71(84.5%), and the high resistance showed by imipenem
18(21.5%). Cephalosporins found the highest sensi-
tivity in cefepime 59(70.2%) and the highest resistance
in ceftazidime 55(53.6%). In fluoroquinolones, the
highest sensitivity was shown by levofloxacin 55(65.5%),
and ciprofloxacin 40(47.6%) showed the highest resis-
tance. In Pencillin-B-lactamase inhibitors highest sensi-
tivity was found in Piperacillin-tazobactam (TZP) 66
(78.5%), and the highest resistance was found in ticar-
cillin-clavulanic acid (TIM)30(35.7%). Aztreonam
(ATM) showed high resistance 46(54.8%) in mono-
bactam. In polymyxins, Colistin (CST) showed the
highest resistance 33(39.3%), and polymixin B (PMB)
showed the highest sensitivity 68(80.9%). Among all
classes doripenem showed highest activity 71(84.5%)
followed by polymyxin B 68(80.9%), meropenem 67
(79.7%), imipenem and piperacillin tazobactam 66
(78.5%). Aztreonam showed the least activity, 38(45.2%)

among all, as shown in Table 1. Drug sensitivity of XDR
strains (total patients 56) was checked with all selected
antibiotics, and in the aminoglycosides class, amikacin
20(35.7%) showed the highest sensitivity and highest
resistances showed by tobramycin 51(91.1%). In the
carbapenem class, the highest sensitivity showed by
doripenem 22(39.3%), and high resistance showed by
meropenem (MEM) 47(78.6%). Cephalosporins found
the highest sensitivity in cefepime 4(7.1%) and the
highest resistance in ceftazidime 56(100%). In fluoro-
quinolones, the highest sensitivity was shown by levo-
floxacin 5(8.9%), and the highest resistance showed by
ciprofloxacin 52(92.9%). In Pencillin-B-lactamase inhi-
bitors highest sensitivity was found in Piperacillin-
tazobactam (TZP) 9(16.1%), and the highest resistance
was found in ticarcillin-clavulanic acid (TIM) 53(94.7%).
Aztreonam (ATM) showed resistance 50(89.3%) in
monobactam. In polymyxins, Colistin (CST) showed
the highest resistance, 30(53.6%), and polymixin B
(PMB) showed the highest sensitivity, 40 (67.8%). All
antibiotics tested for XDR showed that polymyxin B
and colistin Colistin are more sensitive among all anti-
biotics. Ceftazidime didn’t show any activity against
XDR strains. Activities of different antibiotics are shown
in Table 2. By -cross-comparison between MDR and
XDR antibiotic profiling, it is interpreted that outcomes
were the same in both cases. All highly resistant or
sensitive for MDR, and sensitive for MDR were also
given the same results in the case of XDR. For precise
and fast identification of species of PA OprL gene was
amplified using a thermocycler, and the size of the OprL.
gene was found to be about 504bp, as shown in Figure 1.
Sequences of the OprL gene were obtained and then
analyzed online with BLAST; the results are shown in
Table 3.

Band size
(600)

Size of
OprL
gene
(504)

Band size
(100)

Figure 1: PCR products of OprL gene
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Table 1: Drug sensitivity of MDR strains

Table 3: BLAST analysis of sequenced OprL gene

Drug class Drug name Sensitivity Resistance
Aminoglyco-sides Gentamicin 55(65.5%) 29(34.5%)
Tobramycin  46(54.7%) 38(45.3%)

Amikacin 58(69.0%) 26(31.0%)

Netilmicin 50(70.2%) 34(29.8%)

Carbapenem Imipenem 66(78.5%) 18(21.5%)
Meropenem 67(79.7%) 17(20.3%)

Doripenem 71(84.5%) 13(15.5%)

Cephalosporins Ceftazidime 39(46.4%) 55(53.6%)
Cefipime 59(70.2%) 25(29.8%)

Fluoroginolones Ciprofloxacin  44(52.4%) 40(47.6%)
Levofloxacin  55(65.5%) 29(34.5%)

Penicillin-f3- Ticarcillin- 54(64.3%) 30(35.7%)

lactamase inhibitors clavulanic
acid (TIM)
Piperacillin-
tazobactam
(TZP)
Aztreonam
(ATM)
Colistin (CST)
Polymixin B
(PMB)

66(78.5%) 18(21.5%)

Monobactam 38(45.2%) 46(54.8%)

51(60.7%)
63(80.9%)

Polymyxins
Drug class

33(39.3%)
16(19.1%)

Table2: Drug sensitivity of XDR strains

Sequence BLAST Results Accession
number number
1 Pseudomonas aeruginosa strain PA-3  submitted
2 Pseudomonas aeruginosa strain CR1 submitted
3 Pseudomonas aeruginosa strain PPF1 ~ submitted
4 Pseudomonas aeruginosa strain PPF1  submitted
5 Pseudomonas aeruginosa strain CR1 submitted
6 Pseudomonas aeruginosa strain SP2230 submitted
7 Pseudomonas aeruginosa strain CR1 submitted
8 Pseudomonas aeruginosa strain CR1 submitted
9 Pseudomonas aeruginosa strain PA-3  submitted
10 Pseudomonas aeruginosa strain PPF1 ~ submitted
1 Pseudomonas aeruginosa strain SP2230 submitted
12 Pseudomonas aeruginosa strain PA-3  submitted
13 Pseudomonas aeruginosa strain PAO1 ~ submitted
14 Pseudomonas aeruginosa strain PA-3  submitted
15 Pseudomonas aeruginosa strain PA-3  submitted
16 Pseudomonas aeruginosa strain SP2230 submitted
17 Pseudomonas aeruginosa strain PA -3  submitted
18 Pseudomonas aeruginosa strain PA-3  submitted
19 Pseudomonas aeruginosa strain PPF1  submitted
20 Pseudomonas aeruginosa strain PA-3  submitted
21 Pseudomonas aeruginosa strain SP2230 submitted
22 Pseudomonas aeruginosa strain PA-3  submitted
23 Pseudomonas aeruginosa strain SP2230 submitted
24 Pseudomonas aeruginosa strain CR1 submitted

Drug class Drug name Sensitivity Resistance

Aminoglycosides Gentamicin (CN) 8(14.3%) 48(85.7%)
Tobramycin (TOB)  5(8.9%) 51(91.1%)
Amikacin (AK) 20(35.7%) 36(64.3%)
Netilmicin (NET) 7(12.5%) 49(87.5%)

Carbapenem Imipenem (IPM) 13(23.2%) 43(76.8%)
Meropenem (MEM) 12(21.4%) 47(78.6%)
Doripenem (DOR) 22(39.3%) 34(60.7%)

Cephalosporins Ceftazidime (CAZ) 00(0%)  56(100%)
Cefipime (FEP) 4(7.1%) 52(92.9%)

Fluoroqinolones Ciprofloxacin (CIP) 4(7.1%) 52(92.9%)
Levofloxacin 5(8.9%) 51(91.1%)
(LVX)

Penicillin-p- Ticarcillinclavulanic  3(5.3%)  53(94.7%)

lactamase acid (TIM)

inhibitors Piperacillin- 9(16.1%) 47(83.9%)
tazobactam (TZP)

Monobactam Aztreonam (ATM)  6(10.7%) 50(89.3%)

Polymyxins Colistin (CST), 26 (46.4%) 30(53.6%)
Polymixin B (PMB) 40 (67.8%) 16(32.2%)

Discussion

In recent years, a growing population of multidrug-
resistant bacteria (MDR) threatens to move us into the
“post-antibiotic era” of bacterial infectious diseases.
Pseudomonas aeruginosa is responsible for morbidity,

mortality and healthcare costs and is also responsible for
hospital-associated infections (HAIs). Infections due
to Pseudomonas aeruginosa are quite difficult to treat.
This study was conducted in Lahore Metropolitan, one
of Pakistan's highly populated cities, one of Pakistan's
highly populated cities. Pseudomonas aeruginosa, the
global threat of antibiotic resistance, was selected for
this study. In the present study, male patients outnum-
bered female patients, i.e., 57.9% male, while 42.1%
of females were found to be affected by either MDR
or XDR P. aeruginosa. Increased prevalence of male
patients than female patients is evident from the present
study. It can be clarified by the statement that in our
province, adult males have greater exposure to outdoor
surroundings due to their mobility than females.” The
maximum infection rate was found in people aged bet-
ween 31 and 45 (39.3%), followed by patients aged
between 46 and 60 (27.1%). Most MDR/XDR P. aerugi-
nosa was isolated from pus samples (53.3%). The results
are consistent with the study conducted by Khan et al.
in which maximum MDR P. aeroginusa strains were
1solated from pus (33.3%). Antibiotic susceptibility
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testing was also checked via ‘The Kirby Bauer Disc
Diffusion method’."*" In the present research, 40% of P.
aeruginosa infections displayed an XDR phenotype
which was far more than reported by Palavutitotai et al.,
1.e., 22%. Different strains of Pseudomonas aeruginosa
have generally low susceptibility to various antibiotics
than Gram-negative bacteria of another genus." This
organism is intrinsically resilient to most antibiotics.
The phenomenon is reported as intrinsic resistance."”
Effective antimicrobial therapy is severely restricted
to treating HAI (Hospital-acquired infections) caused
by XDR (extensively drug-resistant) and multidrug-
resistant (MDR) P. aeruginosa and now becoming a
therapeutic challenge. The current research shows that
P. aeruginosa was less resistant to the carbapenem group
of antibiotics like imipenem, meropenem (43.6%), and
doripenem (33.6%). In a study by Anupurba et al., resis-
tance to ceftazidime was 46%, and ciprofloxacin was
42%,™" much lower than the present study. This might
be attributed to the environmental state of a particular
region, genetic circumstantial of the organism or exten-
sive use of antimicrobials among patients. In our study,
levofloxacin (75.7%) showed the greatest resistance
among all MDR and XDR cases. In research on multi-
drug-resistant Pseudomonas aeruginosa, Khan et al.
reported the highest resistance against the Cephalosporin
group of antibiotics. Among carbapenems, doripenem
was found to be more sensitive among all MDR/XDR
patients, i.e., 93 (66.4%). But overall, carbapenem resis-
tance was high, and the results were similar to a study
conducted by Palavutitotai et al., in which 40% of P.
aeruginosa were reported to exhibit carbapenem resis-
tance. National Healthcare Safety Network reported
that HAI presented a lower CRPA frequency than among
4,669 P. aeruginosa isolates collected from 4,515 hos-
pitals in the U.S.A. between 2011 and 2014, with 7%
to 28% resistance seen.” Present results are also con-
sistent with the outcomes of research performed in
Thailand, in which a high incidence of CRPA, i.e. (72%)
amongst 261 isolates of multidrug-resistant P. aerugi-
nosa, was reported.” It is notifiable that there is consi-
derable variation in the prevalence of drug-resistant P.
aeruginosa among studies, clearly dependent on the
study population and the isolation site. The present
study indicated that 67.8% of XDR-PA remained sensi-
tive to polymyxin B, followed by colistin (46.4%). In
combination, colistin and aminoglycosides probably

enhance renal toxicity, predominantly in critically ill
personnel. Although preceding in vitro studies have
revealed a synergistic activity of doripenem, imipenem,”
amikacin or ceftazidime with Colistin against MDR or
XDR P. aeruginosa.”** The amplification and results
of'the molecular analysis reveal that the OprL gene was
present in all isolates, and amplicon size was found to
be 504bp which is closely related to the size reported
by Abdullahi et al.”* Peptidoglycan-associated lipo-
protein OprLis the particular of Pseudomonas aerugi-
nosa hence considered as a diagnostic marker. Billard-
Pomare et al. showed that qPCR of the OprL gene has
high specificity, and it is more suitable than culture to
show bacterial colonization.” Xu et al. (2004) demon-
strated that conventional PCR based on the amplification
of the OprL (outer-membrane lipoprotein) and exoA
(exotoxin A) gene allows the early Detection of new
colonization. There is. Still, various sub-strains, such as
PPF1, CRI1 etc., but BLAST results of the OprL gene
revealed that most strains in our population belong to
PA3 and CR1 sub-strains.””’

Conclusion

A high resistance rate of Pseudomonas aeruginosa
infections to carbapenem drugs makes establishing a
suitable empirical therapy challenging. The present
study suggests that doripenem can be the only active
agent for combating infections caused by MDR/ XDR-
PA. Another approach to treat the infections caused by
MDR/XDR pathogens is to combine several antibiotics
i.e., polymyxin B or colistin, with doripenem to gain a
synergistic effect and decrease the probable toxicities
associated with each drug. Several strains prevail in
communities like PA2192, but results revealed that RA-3
and CR-1 majorly exist in our population. By using more
effective treatment approaches, and drugs, gaining
the expedition for novel antibiotics, emphasizing the
communication route of XDR, MDR and focusing on
healthier usage and administration of the current anti-
microbial armamentarium, we can control the resistance
and mortality rate.

Ethical Approval: Given

Conflict of Interest: The authors declare no conflict
of interest.

Funding Source: None

April - June 2023 | Volume 29 | Issue 02 | Page 115



Annals of King Edward Medical University

References

L.

10.

11.

12.

Strateva T, Yordanov D. Pseudomonas aeruginosa—a
phenomenon of bacterial resistance. Journal of medical
microbiology. 2009 Sep;58(9):1133-48.

De Bentzmann S, Plésiat P. The Pseudomonas aerugi-
nosa opportunistic pathogen and human infections.
Environmental microbiology. 2011 Jul;13(7):1655-65.

Tsao LH, Hsin CY, Liu HY, Chuang HC, Chen LY, Lee
Y. Risk factors for healthcare-associated infection
caused by carbapenem-resistant Pseudomonas aerugi-

nosa. Journal of microbiology, immunology and infec-
tion. 2018 Jun 1;51(3):359-66.

Takahashi Y, Igarashi M. Destination of aminoglycoside
antibiotics in the ‘post-antibiotic era’. The Journal of
antibiotics. 2018 Jan;71(1):4-14.

Samad T, Co JY, Witten J, Ribbeck K. Mucus and mucin
environments reduce the efficacy of polymyxin and
fluoroquinolone antibiotics against Pseudomonas aeru-
ginosa. ACS biomaterials science & engineering. 2019
Feb22;5(3):1189-94.

Santolaya ME, Thompson L, Benadof D, Tapia C,
Legarraga P, Cortés C et al. Chilean Invasive Mycosis
Network. A prospective, multi-center study of Candida
bloodstream infections in Chile. PLoS One. 2019 Mar
8;14(3):e0212924.

Ahani Azari A, Fozouni L. Incidence of Multidrug-
Resistant, Extensively Drug-Resistant, and Pandrug-
Resistant Pseudomonas aeruginosa Strains Isolated
from Clinical Specimens. Infection Epidemiology and
Microbiology. 2020 Aug 10;6(3):211-7.

Palavutitotai N, Jitmuang A, Tongsai S, Kiratisin P,
Angkasekwinai N. Epidemiology and risk factors of
extensively drug-resistant Pseudomonas aeruginosa
infection, PloS one. 2018.22;13(2): p. e0193431.

Pachori P, Gothalwal R, Gandhi P. Emergence of anti-
biotic resistance Pseudomonas aeruginosa in intensive
care unit; a critical review. Genes & diseases. 2019 Jun
1;6(2):109-19.

Al-Ahmadi GJ, Roodsari RZ. Fast and specific Detec-
tion of Pseudomonas Aeruginosa from other pseudo-

monas species by PCR. Annals of burns and fire disas-
ters,2016.31;29(4): 264.

Defez C, Fabbro-Peray P, Bouziges N, Gouby A, Maha-
mat A, Daures JP. Risk factors for multidrug-resistant
Pseudomonas aeruginosa nosocomial infection. Journal
of Hospital Infection. 2004 Jul 1;57(3):209-16.
Direkel S, Uzunoglu E, Uzalp C, Findik E, Tontak S,
Ahmadli C. Determination of Piperacillin/ tazobactam
and ticarcillin/clavulanate susceptibilities in Pseudo-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

monas aeruginosa isolates in hospitalised patients by
E-test gradient method and comparison of results with
disk diffusion tests. Clinical Microbiology. 2017;6(1):
1-4.

Najeeb AS, Al-Taai HR. Genotyping Diversity of Pseu-
domonas aeruginosa Isolates, Isolated from Baquba
City. Medico-Legal Update. 2020 Oct 1;20(4):1-7
Shaw K, Mazumder S. Recent prevalence of clinical
multidrug resistant Staphylococcus aureus in west
bengal. IOSR J. Dental Medic. Sci. 2020;19(1):39-44.

Muhammad F, Bano K, Muhammad K, Baig T. Women
empowerment in Pakistan: assessing the socio-economic
determinants. Studies of Applied Economics. 2021 Apr
22;39(3):1-8

Yadav R, Chhabra R, Shrinet G, Singh M. Isolation of
Pseudomonas aeruginosa from Bovine Mastitic Milk
Sample Along with Antibiogram Study. Journal of
Animal Research. 2020;10(2):269-73.

Mohamed A, Abdelhamid F. Antibiotic susceptibility
of Pseudomonas aeruginosa isolated from different
clinical sources. Zagazig Journal of Pharmaceutical
Sciences. 2020 Feb 17;28(2):10-7.

Ahani Azari A, Fozouni L. Incidence of Multidrug-
Resistant, Extensively Drug-Resistant, and Pandrug-
Resistant Pseudomonas aeruginosa Strains Isolated
from Clinical Specimens. Infection Epidemiology and
Microbiology. 2020; 10;6(3): 1-7

Palavutitotai N, Jitmuang A, Tongsai S, Kiratisin P,
Angkasekwinai N. Epidemiology and risk factors of
extensively drug-resistant Pseudomonas aeruginosa
infections. PloS one. 2018 Feb 22;13(2):e0193431.

Munita JM, Arias CA. Mechanisms of antibiotic resis-
tance. Virulence mechanisms of bacterial pathogens.
2016 Jun22;4(2):481-511.

Anupurba S, Bhattacharjee A, Garg A, Sen MR. Anti-
microbial susceptibility of Pseudomonas aeruginosa
isolated from wound infections. Indian journal of der-
matology. 2006 Oct 1;51(4):286.

Weiner LM, Webb AK, Limbago B, Dudeck MA, Patel
J, Kallen AJ et al. Antimicrobial-resistant pathogens
associated with healthcare-associated infections:
summary of data reported to the National Healthcare
Safety Network at the Centers for Disease Control and
Prevention, 2011-2014. infection control & hospital
epidemiology. 2016 Nov;37(11):1288-301.

Khuntayaporn P, Montakantikul P, Santanirand P, Kira-
tisin P, Chomnawang MT. Molecular investigation of
carbapenem resistance among multidrug-resistant Pseu-
domonas aeruginosa isolated clinically in Thailand.

April - June 2023 | Volume 29 | Issue 02 | Page 116



Annals of King Edward Medical University

24.

25.

26.

27.

Microbiology and immunology. 2013 Mar; 57(3): 170-
8.

Zusman O, Avni T, Leibovici L, Adler A, Friberg L,
Stergiopoulou T et al.. Systematic review and meta-
analysis of in vitro synergy of polymyxins and carba-
penems. Antimicrobial agents and chemotherapy. 2013
Oct;57(10):5104-11.

Lenhard JR, Thamlikitkul V, Silveira FP, Garonzik SM,
Tao X, Forrest A et al. Polymyxin-resistant, carbapenem-
resistant Acinetobacter baumannii is eradicated by a
triple combination of agents that lack individual activity.
Journal of Antimicrobial Chemotherapy. 2017 May
1;72(5):1415-20.

Montero MM, Ochoa SD, Lopez-Causapé C, VanScoy
B, Luque S, Sorli L, et al. Colistin plus meropenem
combination is synergistic in vitro against extensively
drug-resistant Pseudomonas aeruginosa, including high-
risk clones. Journal of Global Antimicrobial Resistance.
2019 Sep 1;18(1):37-44.

Onorato L, Macera M, Calo F, Cirillo P, Di Caprio G,
Coppola N. Beta-lactam monotherapy or combination

28.

29.

30.

therapy for bloodstream infections or pneumonia due
to Pseudomonas aeruginosa: A meta-analysis. Interna-
tional Journal of Antimicrobial Agents. 2022 Mar 1;
59(3):106512.

AliH, Awad A, Maarouf A, Ahmed W. Molecular Detec-
tion of some Virulence Factors of Pseudomonas aerugi-
nosa Isolated from Freshwater Fishes at Qalubiya
Governorate, Egypt. Benha Veterinary Medical Journal.
2023 Jan 1;43(2):80-4.

Wolter DJ, Scott A, Armbruster CR, Whittington D,
Edgar JS, Qin X et al. Repeated isolation of an antibiotic-
dependent and temperature-sensitive mutant of Pseudo-
monas aeruginosa from a cystic fibrosis patient. Journal
of Antimicrobial Chemotherapy. 2021 Mar 1; 76(3):
616-25.

Enaud R, Lussac-Sorton F, Charpentier E, Velo-Suarez
L, Guiraud J et al. Effects of Lumacaftor-Ivacaftor on
Airway Microbiota-Mycobiota and Inflammation in
Patients with Cystic Fibrosis Appear To Be Linked to
Pseudomonas aeruginosa Chronic Colonization. Micro-
biology Spectrum. 2023 Apr 13;11(2):¢02251-22.

April - June 2023 | Volume 29 | Issue 02 | Page 117



	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51

