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Abstract: Uropathogens pose a significant threat to public health, affecting both commu-
nity and hospitalized patients. Among these, Gram-negative bacteria represent a predom-
inant group. In recent years, Morganella morganii has emerged as a notable cause of urinary 
tract infections (UTIs) worldwide, with a concerning rise in prevalence attributed to the 
evolution of resistance mechanisms against multiple antibiotics. The present study aimed 
to investigate the prevalence of M. morganii, its associated antibiotic-resistance genes, and 
its correlation with demographic factors such as gender and age. The findings revealed 
that M. morganii was more frequently isolated from females (n = 27) than males (n = 16). 
The highest prevalence rate (37.2%) was observed in the age group of 21–40 years. The 
antibiotic susceptibility profile of M. morganii isolates indicated high resistance to cotri-
moxazole (77%), followed by ciprofloxacin (67%), Cefoperazone (65%), cefotaxime (58%), 
gentamicin (28%), amoxicillin-clavulanate (26%), imipenem (16%), Fosfomycin (9%), 
meropenem (7%), piperacillin-tazobactam (7%), and amikacin (5%). PCR analysis re-
vealed the presence of antibiotic-resistance genes in the resistant isolates. Among cotri-
moxazole-resistant isolates, the sul1 and sul2 genes were detected in 23 isolates each. Sim-
ilarly, in ciprofloxacin-resistant isolates, the gyrA and gyrB genes were identified in 11 and 
10 isolates, respectively. Interestingly, certain isolates harbored various combinations of 
these resistance genes. Seven isolates contained all four resistance genes (sul1, sul2, gyrA, 
and gyrB), while seven isolates harbored three genes in combinations (sul1, sul2, gyrA or 
sul1, sul2, gyrB). Nine isolates exhibited two-gene combinations (sul1 and sul2). 

Keywords: uropathogen, urinary tract infections (UTIs), sul1, sul2, gyrA, gyrB, PCR anal-
ysis. 

1. Introduction 
Globally, the prevalence of urinary tract infections (UTIs) remains significantly high, 

largely due to the emergence of multidrug-resistant bacterial strains. UTIs include ure-
thritis (infection of the urethra), cystitis (infection of the bladder), and pyelonephritis (in-
fection of the kidney). While UTIs affect individuals of all genders and age groups, fe-
males are more susceptible due to their physiological urethral structure. Approximately 
60% of females experience at least one episode of UTI in their lifetime. The primary caus-
ative agents of UTIs are members of the Enterobacteriaceae family, responsible for approx-
imately 80% of UTI cases [1]. Morganella morganii, a commensal organism of the human 
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intestine, has emerged as a significant uropathogen due to its development of diverse 
multidrug resistance mechanisms [2]. M. morganii is a facultative anaerobic, Gram-nega-
tive bacillus found in the environment and as part of the normal microbiota of the human 
intestine. Under favorable conditions, it becomes opportunistic, causing severe clinical 
manifestations in vertebrates, reptiles, and humans. It is intrinsically resistant to several 
antibiotics, including ampicillin, oxacillin, amoxicillin, first- and second-generation ceph-
alosporins, glycopeptides, colistin, Fosfomycin, and Fusidic acid. This intrinsic resistance 
makes the treatment of infections caused by M. morganii particularly challenging [3]. Mor-
ganella morganii is recognized as a significant pathogen responsible for both community- 
and hospital-acquired urinary tract infections (UTIs) [4]. Beyond UTIs, M. morganii has 
been implicated in a variety of severe infections in humans, including peritonitis [5][6], 
purple urine bag syndrome (PUBS) [7], pneumonia [8], arthritis [9], skin infections [10], 
neonatal meningitis [11], and sepsis [12]. Secondary infections caused by M. morganii are 
particularly prevalent in patients with diabetes mellitus, likely due to their compromised 
immune systems, which render them more susceptible to opportunistic infections [13]. 
The global rise in antimicrobial resistance (AMR) has exacerbated the challenges posed by 
bacterial infections. In 2016, AMR was attributed to approximately 700,000 deaths world-
wide, and projections estimate that by 2050, it could lead to 10 million deaths annually if 
current trends continue [14]. The mechanisms by which bacteria develop resistance to an-
tibiotics are diverse, but four primary pathways are frequently overexpressed and are 
central to AMR [15]. One major mechanism is the production of antibiotic-inactivating 
enzymes. These enzymes neutralize antibiotics, rendering them ineffective against the 
bacteria. Two prominent families of such enzymes include β-lactamases and aminoglyco-
side-modifying enzymes. β-lactamases, such as extended-spectrum β-lactamases (ESBLs), 
Carbapenemase, New Delhi metallo-β-lactamase (NDM-1), imipenem’s (IMP), and Ve-
rona integrons-mediated metallo-β-lactamase (VIM), play a critical role in resistance to β-
lactam antibiotics [16]. Similarly, aminoglycoside-modifying enzymes, including amino-
glycoside phosphotransferases, aminoglycoside nucleotidyl transferases, and aminogly-
coside acetyltransferases, confer resistance to aminoglycosides [17]. Another significant 
mechanism of resistance involves the modification of the antibiotic target site. This allows 
bacteria to alter the site of action, effectively preventing the antibiotic from binding and 
exerting its effect. For instance, β-lactam resistance is often associated with alterations in 
cell wall components, which reduce the antibiotic's ability to target the bacterial pepti-
doglycan layer [18]. Efflux pumps represent another critical resistance mechanism. These 
transmembrane proteins actively expel antibiotics from the bacterial cell, reducing their 
intracellular concentration and thereby limiting their efficacy. In addition, bacteria often 
employ modifications to their outer membrane to decrease its permeability, further re-
stricting antibiotic entry into the cell and enhancing resistance. The combination of these 
adaptive resistance strategies underscores the formidable challenge posed by multidrug-
resistant organisms such as M. morganii. Understanding these mechanisms is essential for 
developing innovative therapeutic approaches to mitigate the growing threat of AMR and 
improve patient outcomes. Fluoroquinolone resistance in bacteria is primarily associated 
with modifications in topoisomerase IV and DNA gyrase, mediated by mutations in the 
gyrA and gyrB genes [19]. Similarly, resistance to trimethoprim-sulfamethoxazole is com-
monly linked to mutations in the sul1, and sul2 genes [20]. An intrinsic feature of bacteria 
contributing to antibiotic resistance is the overexpression of efflux pump systems. These 
systems actively expel antibiotics from bacterial cells, thereby reducing their efficacy. Var-
ious efflux pump families have been identified in both Gram-positive and Gram-negative 
bacteria, including the Resistance Nodulation Division (RND) family, Small Multidrug 
Resistance (SMR) family, ATP-binding cassette (ABC) transporters, Multidrug and Toxin 
Extrusion (MATE) proteins, and the Major Facilitator Superfamily (MFS) [21]. Another 
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crucial mechanism of resistance is the low permeability of the bacterial outer membrane, 
which restricts the entry of hydrophilic antibiotics. This is often achieved through muta-
tions in porins, the proteins responsible for forming channels in the outer membrane [22]. 
In recent years, Morganella morganii has emerged as a prevalent uropathogen with a well-
developed arsenal of resistance mechanisms against antimicrobial agents. As such, deter-
mining the antibiotic susceptibility patterns of M. morganii is crucial for devising effective 
treatment strategies and managing infections caused by this pathogen. In the present 
study, the prevalence and antibiotic resistance patterns of M. morganii were investigated, 
with a focus on resistance to major antibiotic families. The study specifically examined the 
roles of fluoroquinolone resistance genes (gyrA and gyrB) and sulfonamide resistance 
genes (sul1 and sul2) in M. morganii isolates. This research provides valuable insights into 
the mechanisms underlying resistance in M. morganii and emphasizes the importance of 
targeted antimicrobial therapies for managing infections caused by this pathogen. 

2. Methodology 
In the present study, urine samples from patients diagnosed with urinary tract infec-

tions (UTIs) were collected from the Outpatient Department (OPD) at Khyber Teaching 
Hospital, Peshawar, Pakistan. Further analyses were conducted at the Microbiology La-
boratory, Centre of Biotechnology and Microbiology (COBAM), University of Peshawar. 
A total of 157 infected urine samples were collected. The samples were cultured on Cys-
teine Lysine Electrolytes Deficient (CLED) medium and MacConkey agar under optimal 
conditions (37°C for 24 hours). Following the incubation period, bacterial isolates were 
identified microscopically using Gram staining techniques and biochemically using the 
Analytical Profile Index (API 10S) kit [23]. The antibiotic susceptibility patterns of Morga-
nella morganii clinical isolates were determined using the Kirby-Bauer disc diffusion 
method on Mueller-Hinton agar (MHA). The isolates were cultured on MHA plates, and 
antibiotic discs were placed equidistantly on the agar surface. After 24 hours of incubation 
at 37°C, the zones of inhibition surrounding the discs were examined. The diameters of 
the zones of inhibition were measured and interpreted as sensitive, intermediate, or re-
sistant according to the Clinical and Laboratory Standards Institute (CLSI) 2021 guidelines 
[24]. This methodological approach provided a comprehensive analysis of the resistance 
patterns of M. morganii isolates, aiding in the evaluation of its antimicrobial susceptibility 
profile. 

 
Table 1: Antibiotics used for the determination of antibiogram of Morganella morganii  

 Antibiotic Symbol  Mode of action  Family  
1 Ciprofloxacin  CIP DNA gyrase Fluoroquinolone 
2 Cotrimoxazole SXT Folic acid metabolism Sulfonamide 
3 Fosfomycin  FOS Cell wall synthesis Phosphonic group 
4 Amoxicillin-clavulanate AMC Cell wall synthesis β-lactam (penicillin) 
5 Piperacillin-tazobactam TZP Cell wall synthesis β-lactam (penicillin) 
6 Cefoperazone CEP Cell wall synthesis β-lactam (cephalosporin) 
7 Cefotaxime CTX Cell wall synthesis cephalosporin) 
8 Meropenem  MEM Cell wall synthesis β-lactam (carbapenem) 
9 Imipenem  IPM Cell wall synthesis β-lactam (carbapenem) 
10 Amikacin  AK Protein synthesis, 30S subunit Aminoglycoside 
11 Gentamicin CN Protein synthesis, 30S subunit Aminoglycoside 
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The genomic DNA of Morganella morganii isolates was extracted to detect antibiotic 
resistance genes using the GJC® DNA Purification Kit. DNA extraction was performed 
from 24-hour-old broth cultures of the isolates. The extracted DNA samples were sub-
jected to gel electrophoresis on a 1.5% agarose gel and analyzed using a gel documentation 
system (Bio-Rad) [25]. Molecular detection of antibiotic resistance genes was carried out 
using a thermal cycler. The amplification of sulfonamide resistance genes (sul1 and sul2) 
and fluoroquinolone resistance genes (gyrA and gyrB) were performed under optimized 
conditions, as outlined in Table 2. Gene-specific primers were designed using the NCBI 
Primer-BLAST tool (https://www.ncbi.nlm.nih.gov/tools/primer-blast/). The PCR reaction 
mixture included 12.5 µL of GoTaq® Green Master Mix, 1 µL of the upstream primer, 1 
µL of the downstream primer, 11.5 µL of PCR-grade water, and 1 µL of target DNA. PCR 
amplification was carried out for 35 cycles under the specified conditions. The amplified 
products were then subjected to gel electrophoresis at 110 volts for 35 minutes on a 1.5% 
agarose gel stained with ethidium bromide. Visualization of the amplified bands was per-
formed using a gel documentation system (Bio-Rad), and band sizes were estimated using 
a 100 bp DNA ladder (Promega BenchTop DNA Ladder) [26]. This approach enabled the 
precise identification of antibiotic-resistance genes in M. morganii isolates. 

 
Table 2: Oligonucleotide sequences used for antibiotics resistance genes of M. morganii 

Genes Oligo-nucleotide sequences Product size (bp) Annealing Temperature 

sul1 
F: TTCGGCATTCTGAATCTCAC 
R: ATGATCTAACCCTCGGTCTC 

822bp 58˚C for 30 sec 

sul2 F: CCTGTTTCGTCCGACACAGA 
R: GAAGCGCAGCCGCAATTCAT 

435bp 58˚C for 30 sec 

gyrA F: ATGAGCGACCTTGCGAGAG 
R: TCCACTTCCGGAGCGATTTC 2600bp 59˚C for 30 sec 

gyrB F: GTAAGCGCCCGGGTATGTAT 
R: TCGATATTCGCCGCTTTCAG 

2350bp 52˚C for 30 sec 

 
After the detection of antibiotic-resistance genes, PCR products were subjected to 

mutational analysis. PCR products along with their primer working solution were sent to 
the Alpha Genomics Company. PCR products were sequenced through Next generation 
sequencing (NGS) method. Sequences of genes were properly aligned through BioEdit 
software (7.2) (https://bioedit.software.informer.com/7.2/). Consequence sequence of 
genes uploaded on NCBI blast tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi) [26].  

3. Results 
A total of 157 clinical urine samples were collected from UTI patients. Among these, 43 
(27.30%) isolates were confirmed as positive for the growth of Morganella morganii. The 
clinical isolates of M. morganii were identified microscopically and biochemically using 
the API 10S kit. The prevalence of M. morganii causing UTIs was higher in females (27 
isolates, 63%) compared to males (16 isolates, 37%). The distribution of M. morganii prev-
alence was also assessed across different age groups of UTI patients. The highest preva-
lence rate (37.2%) was observed in the 21–40 years age group, followed by 32.5% in the 1–
20 years age group, 14% in the 61–80 years age group, 11.6% in the 41–60 years age group, 
and 4.7% in infants under one year of age (Figure 1). 
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Figure 1: Gender-wise and distribution of M. morganii 

 
Figure 2: Age-wise distribution of M. morganii 

The antibiotics susceptibility testing of isolates against 11 antibiotics was done via the disc 
diffusion method (Table 3). The result revealed that high level of resistance against SXT, 
CIP, CEP, and CTX. While isolates of M. morganii are sensitive to FOS, AMC, TZP, MEM, 
IPM, AK, and CN. 
Table 3: Antibiotic susceptibility pattern of M. morganii isolates (n=43) 

 List of Antibiotics used Resistant (%) Sensitive (%) 
1 CIP 29 (67%) 14 (33%) 
2 SXT 33 (77%) 10 (23%) 
3 FOS 4 (9%) 39 (91%) 
4 AMC 11 (26%) 32 (74%) 
5 TZP 3 (7%) 40 (93%) 
6 CEP 28 (65%) 15 (35%) 
7 CTX 25 (58%) 18 (42%) 
8 MEM 3 (7%) 40 (93%) 
9 IPM 7 (16%) 36 (84%) 

10 AK 2 (5%) 41 (95%) 
11 CN 12 (28%) 31 (72%) 

 
The molecular detection of antibiotic resistance genes revealed that the sul1 and sul2 genes 
were present in sulfonamide (cotrimoxazole)-resistant isolates, while the gyrA and gyrB 
genes were identified in fluoroquinolone (ciprofloxacin)-resistant isolates (Figures 3). 
Among the cotrimoxazole-resistant isolates (n = 33) of M. morganii, the sul1 and sul2 genes 
were detected in 23 isolates. Similarly, among the ciprofloxacin-resistant isolates (n = 29), 
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the gyrA gene was detected in 11 isolates, and the gyrB gene was identified in 10 M. mor-
ganii (Table 3). 
Table 1 Molecular detection of sulfonamide and fluoroquinolones resistant genes of M. 
morganii 

 Antibiotic-resistant gene Positive isolates Percentage (%) 
Sulfonamide (cotrimoxazole) resistant isolates of M. morganii (n=33) 

1 sul1 23 69.6 
2 sul2 23 69.6 

Fluoroquinolones (ciprofloxacin) resistant isolates of M. morganii (n= 29) 
3 gyrA 11 37.9 
4 gyrB 10 34.4 

 

 

Figure 3: Gel electrophoresis of amplified PCR products, Lane M: DNA Ladder, Lane 1-3: Negative 
isolates, Lane 4-6: Positive isolates, Lane 7: Negative isolate, Lane 8-9: Positive isolate, Lane 10-11: 
Negative isolates, Lane 12-13: Positive isolate, Lane M: DNA Ladder (A) sul1 gene (B) sul2 gene (C) 
gyrA gene (D) gyrB gene. 
 
The results of PCR showed that some of the isolates harbor different combinations of an-
tibiotic-resistant genes. Seven isolates harbor all four resistant genes (sul1, sul2, gyrA, and 
gyrB), seven isolates had the combination of three genes (sul1, sul2, gyrA and sul1, sul2, 
gyrB) and 9 isolates had the combination of two genes (sul1 and sul2) (Figure 4). 
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Figure 4: Combination of sulfonamide and fluoroquinolone resistance genes 
 

After the detection of resistance genes in the isolates, PCR products were sent for 
sequencing. The aligned sequences of the genes were uploaded to the NCBI BLAST tool 
to check their similarity with sequences present in the database. After analysis, the results 
revealed that no mutations were detected in the genes, and they were 100% aligned with 
the sequences available in the database. The analysis and graphical representation of the 
data were performed using MS Excel software. The BioEdit software was used for the 
alignment of the oligonucleotide sequences. In the present research, no mutations were 
detected, and therefore, I-mutant software was not used. 

4. Discussion 
The study presented here investigates the genomic analysis of M. morganii strains 

from the South African region. The results indicated the presence of two highly multi-
drug-resistant (MDR) strains isolated from the urine of infected patients. These isolates 
harbored resistance genes, including sul1, AmpC, and blaDHA-4, located on plasmids 
[27]. In another study, the antimicrobial resistance genes oqxB, fosA, floR, ble, mcr-9.1, 
fosA7, aadA2, aadA1, aph(6)-Id, aph(3’’)-Ib, ant(2’’)-Ia, blaTEM-1, qacEdelta1, tet(A), 
tet(B), sul1, and sul2 were identified in both environmental and clinical isolates, highlight-
ing their significant role in antimicrobial resistance [28]. A separate study reported the 
prevalence of M. morganii in clinical urine samples from UTI patients, revealing that the 
predominant pathogens included E. coli (52.6%), Proteus (10.9%), Klebsiella (9.0%), P. aeru-
ginosa (4.5%), Citrobacter, and M. morganii (13.5%) [29]. The same study indicated that 8.3% 
of urine samples were positive for M. morganii [30], while another investigation found the 
prevalence to be 1.87% [31]. The findings of the current study, in which 27.30% of clinical 
urine samples were positive for M. morganii, align with the trend of increasing recognition 
of M. morganii as an emerging uropathogen. A study reported the emergence of fluoro-
quinolone resistance genes, particularly gyrA and gyrB, in clinical isolates of M. morganii 
resistant to fluoroquinolones. The study revealed that these isolates exhibited high re-
sistance to norfloxacin (512 µg/ml), ofloxacin and ciprofloxacin (256 µg/ml), and levoflox-
acin (64 µg/ml) [32]. In contrast, the present study detected the gyrA and gyrB genes in 
M. morganii isolates that were highly resistant to ciprofloxacin (67%). Another research 
investigation focused on the role of sulfonamide resistance genes (sul1 and sul2) in the 
outbreak of UTIs. In one such study, the PCR results revealed that a single M. morganii 
isolate harbored the sul1 gene [33], while another study detected sulfonamide resistance 
genes in one M. morganii isolate from UTI patients [34]. In the current study, PCR results 
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indicated that both the sul1 and sul2 genes were present in 23 isolates of M. morganii, with 
a combination of both genes found in 9 isolates. The findings from previous studies and 
the present research consistently emphasize the significant role of antimicrobial-resistant 
genes in resistance mechanisms against antibiotics. As observed, these antimicrobial-re-
sistant genes are becoming increasingly prevalent within the Enterobacteriaceae family, fur-
ther contributing to the global health burden. 

5. Conclusions 
Based on the findings of the present research, it is concluded that M. morganii is 

emerging as a multidrug-resistant uropathogen responsible for severe UTIs and exhibit-
ing highly developed resistance mechanisms against major antibiotic families. The pri-
mary focus of this study was to investigate the antibiogram of M. morganii isolates col-
lected from urine samples and to detect fluoroquinolone and sulfonamide antibiotic-re-
sistance genes. The results indicate that the presence of sul1, sul2, gyrA, and gyrB genes 
plays a significant role in the development of resistance to fluoroquinolones and sulfona-
mide antibiotics. 
Conflicts of Interest 

The authors declare no conflicts of interest.  



IJACR 2023. FOR PEER REVIEW 9 of 10 
 

 

References 
1. Anjum, M. U., Khan, M. S., Shahid, A. R., & Shah, S. H. (2016). Urinary Tract Infections: Etiological Profile and Antimicrobial 

Susceptibility Patterns of Uropathogens. The Professional Medical Journal, 23(01), 010-014. 
2. Bitew, A., Molalign, T., & Chanie, M. (2017). Species distribution and antibiotic susceptibility profile of bacterial uropathogens 

among patients complaining urinary tract infections. BMC infectious diseases, 17, 1-8. 
3. Liu, H., Zhu, J., Hu, Q., & Rao, X. (2016). Morganella morganii, a non-negligent opportunistic pathogen. International Journal of 

Infectious Diseases, 50, 10-17. 
4. Learman, B. S., Brauer, A. L., Eaton, K. A., & Armbruster, C. E. (2019). A rare opportunist, Morganella morganii, decreases 

severity of polymicrobial catheter-associated urinary tract infection. Infection and Immunity, 88(1), 10-1128. 
5. Atalay, H., Güney, I., Solak, Y., & Almaz, E. (2010). First case of CAPD-related peritonitis caused by Morganella morganii. Per-

itoneal Dialysis International, 30(1), 119-121. 
6. Amini, M., Motie, M. R., Jamehdar, S. A., Kasraei, M. R., & Sobhani, M. (2021). Concomitant empyema and peritonitis with 

Morganella morganii in an immunocompetent patient: A case report. Caspian Journal of Internal Medicine, 12(2), 232. 
7. Vallejo-Manzur, F., Mireles-Cabodevila, E., & Varon, J. (2005). Purple urine bag syndrome. The American journal of emergency 

medicine, 23(4), 521-524. 
8. Amorin, J. P., Lopez, M., Rando, K., Castelli, J., & Presentado, J. M. (2018, March). Early bacterial pneumonia after hepatic 

transplantation: epidemiologic profile. In Transplantation Proceedings (Vol. 50, No. 2, pp. 503-508). Elsevier. 
9. Cardoso, N. A., Cisneiros, L. D. L., Machado, C. J., Cenedezi, J. M., PROCóPIO, R. J., & Navarro, T. P. (2017). Bacterial genus is 

a risk factor for major amputation in patients with diabetic foot. Revista do Colégio Brasileiro de Cirurgiões, 44(02), 147-153. 
10. Kalakouti, E., Simillis, C., Pellino, G., Mughal, N., Warren, O., Mills, S., ... & Tekkis, P. P. (2017). Characteristics of Surgical Site 

Infection Following Colorectal Surgery in a Tertiary Center: Extended-spectrum β-Lactamase-producing Bacteria Culprits in 
Disease. Wounds: a compendium of clinical research and practice, 30(4), 108-113. 

11. Milligan, K. L., & Barenkamp, S. J. (2013). Neonatal meningitis due to Morganella morganii. Clinical Pediatrics, 52(5), 462-464. 
12. Kim, J. H., Cho, C. R., Um, T. H., Rhu, J. Y., Kim, E. S., Jeong, J. W., & Lee, H. R. (2007). Morganella morganii sepsis with massive 

hemolysis. Journal of Korean Medical Science, 22(6), 1082-1084. 
13. Cetin, M., Ocak, S., Kuvandik, G., Aslan, B., Temiz, M., & Aslan, A. (2008). Morganella morganii-associated arthritis in a diabetic 

patient. Advances in Therapy, 25, 240-244. 
14. de Kraker, M. E., Stewardson, A. J., & Harbarth, S. (2016). Will 10 million people die a year due to antimicrobial resistance by 

2050?. PLoS medicine, 13(11), e1002184. 
15. Bello, A., & Dingle, T. C. (2018). What's that resistance mechanism? Understanding genetic determinants of gram-negative bac-

terial resistance. Clinical Microbiology Newsletter, 40(20), 165-174. 
16. Hall, B. G., & Barlow, M. (2005). Revised Ambler classification of β-lactamases. Journal of Antimicrobial Chemotherapy, 55(6), 1050-

1051. 
17. Zárate, S. G., Claure, M. L. D. L. C., Benito-Arenas, R., Revuelta, J., Santana, A. G., & Bastida, A. (2018). Overcoming aminogly-

coside enzymatic resistance: design of novel antibiotics and inhibitors. Molecules, 23(2), 284. 
18. Hasegawa, K., Yamamoto, K., Chiba, N., Kobayashi, R., Nagai, K., Jacobs, M. R., & Ubukata, K. (2003). Diversity of ampicillin-

resistance genes in Haemophilus influenzae in Japan and the United States. Microbial Drug Resistance, 9(1), 39-46. 
19. Jacoby, G. A., Strahilevitz, J., & Hooper, D. C. (2015). Plasmid-mediated quinolone resistance. Plasmids: Biology and Impact in 

Biotechnology and Discovery, 475-503. 
20. Sköld, O. (2000). Sulfonamide resistance: mechanisms and trends. Drug resistance updates, 3(3), 155-160. 
21. Fernández, L., & Hancock, R. E. (2012). Adaptive and mutational resistance: role of porins and efflux pumps in drug re-

sistance. Clinical microbiology reviews, 25(4), 661-681. 
22. Zgurskaya, H. I., & Rybenkov, V. V. (2020). Permeability barriers of Gram-negative pathogens. Annals of the New York Academy 

of Sciences, 1459(1), 5-18. 
23. K. T. Bukhari, H. T. Bukhari, H. Zafar, and M. Zahid, “Antimicrobial Sensitivity Pattern for Urine Isolates in Urinary Tract 

Infection,” J. Islam. Med. Dent. Coll., vol. 8, no. 4, pp. 186–192, 2019. 
24. P. P. Chanakya et al., “Complete genome sequence of an extensively drug resistant (XDR) M. morganii SMM01 isolated from a 

patient with urinary and fecal incontinence,” BMC Genomic Data, vol. 22, pp. 1–3, 2021. 
25. M. R. Green and J. Sambrook, “Analysis of DNA by agarose gel electrophoresis,” Cold Spring Harb. Protoc., vol. 2019, no. 1, p. 

pdb-top100388, 2019. 



IJACR 2023. FOR PEER REVIEW 10 of 10 
 

 

26. H. F. Wang, L. Y. Du, J. Luo, and H. X. He, “Isolation, identification and characterization of Morganella morganii from Naja 
naja atra in Beijing, China,” Cell. Mol. Biol., vol. 63, no. 7, pp. 52–58, 2017. 

27. N. Mbelle, J. Osei Sekyere, C. Feldman, N. E. Maningi, L. Modipane, and S. Y. Essack, “Genomic analysis of two drug-
resistant clinical Morganella morganii strains isolated from UTI patients in Pretoria, South Africa,” Lett. Appl. Microbiol., 
vol. 70, no. 1, pp. 21–28, 2020. 

28. M. Hua, W. Huang, A. Chen, M. Rehmet, C. Jin, and Z. Huang, “Comparison of antimicrobial resistance detected in envi-
ronmental and clinical isolates from historical data for the US,” Biomed Res. Int., vol. 2020, 2020. 

29. S. A. Ali, S. Mandal, A. Georgalas, and S. A. D. Gilani, “A Pattern of Antibiotic Resistance in Gram-Negative Rods Causing 
Urinary Tract Infection in Adults,” Cureus, vol. 13, no. 1, 2021. 

30. N. I. Salih, A. Z. Raad, L. Q. Yaseen, and W. A. Malik, “Bacteriological and Immunological Study of Chronic Failure Patients 
Undergoing for Hemodialysis,” Clin. Schizophr. Relat. Psychoses, 2021. 

31. M. Bosco, B. Jonas, K. Evelyne, and K. Pauline, “Urinary tract infection and antimicrobial resistance profile in patients 
attending Nemba District Hospital in Rwanda,” Asian J. Med. Sci., vol. 11, no. 6, pp. 101–105, 2020. 

32. M. Nasri Yaiche, I. Denden Rafraf, Q. Guo, M. Mastouri, M. Aouni, and M. Wang, “Type II and type IV topoisomerase 
mutations in clinical isolates of Morganella morganii harboring the qnr D gene,” Ann. Clin. Microbiol. Antimicrob., vol. 13, 
pp. 1–4, 2014. 

33. K. T. Abubaker and K. A. Anoar, “Detection of classⅠintegrons with phenotypic ESBL detection among Enterobacteriaceae 
isolated from patients with urinary tract infection in Sulaimani provenance/Iraq,” Iraq Med. J., vol. 6, no. 3, 2022. 

34. P. Shinu et al., “Monitoring of Non-β-Lactam Antibiotic Resistance-Associated Genes in ESBL Producing Enterobacterales 
Isolates,” Antibiotics, vol. 9, no. 12, p. 884, 2020. 


