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ABSTRACT 

Antibiotic resistance poses a major challenge among pathogenic bacteria, 

particularly Gram-negative types. Early detection of this resistance is crucial to 

prevent its horizontal transfer between different bacterial species.This 

preliminary study aimed to establish the antibiogram and detect specific genes 

responsible for co-resistance to aminoglycosides and fluoroquinolones 

commonly found in Gram-negative bacteria.The study evaluated four different 

clinical species of Gram-negative bacteria: Escherichia coli, Klebsiella 

pneumoniae, Pseudomonas aeruginosa, and Enterobacter aerogenes. 

 The susceptibility of these isolates to antibiotics spanning seven antimicrobial 

categories was determined by measuring inhibition zone diameters using the 

disk diffusion method. Additionally, the resistance genes parC and ant(2”)-Ia 

were detected using conventional polymerase chain reaction (PCR).The 

preliminary findings revealed high resistance percentages across all isolates, 

ranging from 50% to 100% against most tested antibiotics. The Multiple 

Antibiotic Resistance (MAR) index exceeded 0.2 for all isolates, ranging between 

0.64 and 0.82, though not reaching 1.0. 

 Furthermore, all isolates were positive for both aminoglycoside and 

fluoroquinolone resistance genes, highlighting that ant(2”)-Ia is primarily 

responsible for aminoglycoside resistance in these isolates. This preliminary 

study underscores that the MAR index serves as a reliable indicator for the 

spread of antimicrobial resistance. The molecular identification of resistance 

genes remains a crucial hallmark for recognizing resistant isolates and 

implementing effective control measures. 
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1. Introduction 

Aminoglycosides antibiotics are either natural or semisynthetic compounds that derived from 
actinomycetes; prevalently found, vigorously active against wide spectrum of bacteria (G- and G+) [1]. 
Moreover, these antibiotics are powerful, broad-spectrum via prevent synthesis some molecule like 
protein. A first member of this group to be presented for routine clinical usage in humans. Additional 
members of aminoglycosides were applied over the consecutive years including neomycin, kanamycin, 
gentamicin, netilmicin, tobramycin, and amikacin.  

Enterobacteriaceae, like, E. coli, K. Pneumoniae and K. oxytoca, Enterobacter cloacae and other species   
inhibited by some antibiotic like aminoglycosides are mostly effective against species of 
Enterobacteriaceae [2,3]. The mechanism of Aminoglycosides includes binding to specific site (A-site) 
found on the 16S ribosomal RNA of the 30S ribosome, and prevent translation ( protein synthesis) [4]. 

Resistance against aminoglycosides appears in many different mechanisms include: 

(1) modifying enzymes,like Aminoglycoside Phosphoryltransferase (APH), Aminoglycoside 
Acetyltransferase (AAC), and Aminoglycoside Nucleotidyltransferase (ANT) . 

(2) Methylation enzyme by a family of ribosomal methyltransferase enzymes. 

(3) Mutation subunit. 

(4) Efflux pumps[5,6]. 

By active release of antibiotic from bacterial cell and [5] alteration the bacterial cell membrane 
permeability and prevention or reduction passage of some compounds such as antibiotics 
(aminoglycosides) [7,8]. 

    There was an effective and detective mechanism that has been used to detect resistant bacterial 
sources called multiple antibiotic resistance (MAR) index. MAR index can be defined as calculate the ratio 
of number of resistant antibiotics by microorganisms to the total  number of antibiotics  which exposed 
in this experiment. When MAR index values more than 0.2 indicate high  threat source of resistant  where 
antibiotics are often used [9,10].The aim of this research was to detect profile of antibiotic susceptibility 
for some Gram negative isolates and determine some aminoglycoside antibiotic resistance genes. 

2. Materials and Methods: 

     Samples: The study evaluated four different clinical species of Gram-negative bacteria: 24 isolates 
(6 for each species: Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Enterobacter 
aerogenes) were obtained from the College of Science for Women / University of Babylon, Iraq. Definitive 
identification and diagnosis depend on phenotypic and biochemical characteristics [11].   

2.1. Antibiotic susceptibility Test 

The disc diffusion technique was conducted to detect the antibiotic susceptibility pattern of isolates 
against eleven different antibiotics that belong to seven antimicrobial categories (Table 1). Inhibition zones 
were read post-incubation (24 h, 37), recorded, and compared to CLSI [12]. 

Table 1. Antibiotic types with their groups and concerntrations that used in this study 

Group Sub-group Symbol Conc. 

Fluoroquinolones Ciprofloxacin CIP 5 

Fluoroquinolones Levofloxacin LEVO 10 

https://biomedbiochem.nabea.pub/
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Fluoroquinolones Norfloxacin NOR 30 

Phenicol Chloramphenicol C 30 

Aminoglycoside Amikacin AK 10 

Aminoglycoside Tobramycin TM 10 

B-lactam combination Amoxicillin–clavulanate AUG 30/10 

B-lactam combination Imipenem–Relebactam IMR 10 

Penicillin Piperacillin PRL 100 

Quinolone Nalidixic acid NA 25 

Carbapenem Meropenem MEM 10 

2.2. Pattern of Multiple Antibiotic Resistance Indices (MAR) indices: 

 The (MARI) was intended according to the Krumperman formula [9]:  

MARI= a/b 

where a =total number of resistant antibiotics by microorganisms  

b = total  number of antibiotics  which exposed. 

2.3. DNA Extraction and Resistance Genes Amplification by PCR: 

    The whole genomic bacterial DNA and detection of aminoglycoside resistance genes were extracted 
depended on the manufacturer instruction (IntronBio/Korea) . PCR procedure was performed to amplify 
genes as mentioned in Table 2.  

Table 2. Primer Pair Sequences and Amplicon Size and PCR condition of  each Primer 

3. Results and Discussion:  

         Antimicrobial resistance is a natural occurrence in microorganisms, occurring naturally over 
time, usually through several means like genetic changes, drug efflux, down regulation of receptors, 
excretion  of inactivating enzymes; mismanagement and over-use of different antimicrobials’ types, as 
these drugs are frequently taken without advice or counsel of a professional, or it may be applied as 
growth promoters for animal feeds [15]. 

The selected four Gram-negative bacterial isolates showed an antibiotics’ profiles as in table  3, that 
showing high resistance percentages against most of used antimicrobial types with percentages ranging 

Primer name Sequences 
Amplicon 

size (BP) 
PCR condition References 

parC-F CACTACCGGTTGGTTGCTCT 

811 

Step 1: 95°C, 2min 

Step 2: 95°C, 30 sec 

Step 3: 59°C, 30 sec 

Step 4: 72°C, 90 sec 

Step 5: 72°C, 5 min 

Step 6: 4°C 

Al-Zuhairy, et 

al., 2020 
parC-R CGGTGGTTATCAGCGCATTG 

ant(2")-la-F TCCAGAACCTTGACCGAAC 

700 

Step 1: 95°C, 2min 

Step 2: 95°C, 1 min 

Step 3: 62°C, 1 min 

Step 4: 72°C, 1 min 

Step 5: 72°C, 10 min 

Step 6: 4°C 

Soleimani, et 

al., 2014 
ant(2")-la-R GCAAGACCTCAACCTTTTCC 

https://biomedbiochem.nabea.pub/
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from 50 to 100%; with 100% resistance against Ciprofloxacin and Norfloxacin, Amikacin and Tobramycin, 
Amoxicillin-Clavulanate and Nalidix Acid. While regarding susceptibility to Impenem-Relebactam and 
Meropenem that showed 100% sensitivity for both types. 

Table 3. Antibiotic Susceptibility pattern of the study isolated against eleven antibiotic types by 

Disk-Diffussion  Test 

Antibiotic types E. coli Pseudomonas Enterobacter Klebsiella Resistance 

Percentage % 

Ciprofloxacin R R R R 100 

Levofloxacin S S R R 50 

Norfloxacin R R R R 100 

Chloramphenicol R R S R 75 

Amikacin R R R R 100 

Tobramycin R R R R 100 

Amoxicillin–

Clavulanate 

R I R I 0 

Imipenem–Relebactam S S S S 0 

Piperacillin S I S S 50 

Nalidixic Acid R R R R 100 

Meropenem S S S S 0 

 

High percentages of multidrug resistance distribution faces countries a serious challenge in 
safeguarding their populations' health and specifies a thoughtful requirement for wide-based, native anti-
microorganisms  resistance observation and organization of actual involvements to control multiple 
resistance in such pathogens. MAR in microbes is almost usually related by the occurrence of external 
factor like extra- chromosome of DNA (plasmids) which usually have resistance genes (one or more),   it 
can encode as pecific trait (antibiotic resistance) in bacteria [16]. 

Results of table-3 were utilized to calculate (MAR) indexes of study isolates to the used antibiotics 
according to MARI-Krumperman equation; as the obtained results summarized at table (4) which showed 
that, all the four study isolates (100%) had an index more than 0.2 to be from a high risk sources; while 
none had an index of 1.0, being resistant to all antibiotics it was tested against. The progression of resistant 
strains led to a weakening of the antibiotics used in the treatment of bacterial infection. [17].    

MAR indexing method have some characteristics like high  cost, fast and easy to perform. Simple and 
does not need particular application and extraordinary  costly tools especially when compared to other 
methods such as genotypic characterization.   Knowledge of these points such as the antibiotic intake and 
multidrug antibiotic resistances which  are especially important in nosocomial infections is essential  to 
developing and reviewing  effective containment programs and audit of such programs, in  addition to 
all that, MAR index is significant  in analyzing health risk, as well as to check the extent of antibiotic 
resistance. The benefit of MAR index analysis to distinguish isolates from diverse sources by means of 
antibiotics that are usually used in treatment of infectious cases [10,18]. 

    All isolates from this research showed a MAR index greater than 0.2 indicating  that their source  
commonly used antibiotics, or the organism`s  previous exposure to antimicrobial agents. In other words, 
isolates are have high resist to antibiotic may be from inpatients and outpatients or even from community 
acquired pathogens. In developing countries the hazard of antimicrobial resistance is mainly dangerous 
because of high burden of infectious disease in addition to concomitant high rate of poverty and delay of 

https://biomedbiochem.nabea.pub/
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constrains the access to newer, more effective antimicrobial agents [19]. 

A certain study was recorded to be multidrug resistant respectively,, that showed about 33%, 42%, 
60% of clinical isolates of Klebsiella spp, Escherichia spp, and   Pseudomonas spp and addition 62% of 
Klebsiella isolates were ESBL producers [20]. Moreover, lots of other studies revealed high ratio of 
resistance against different antimicrobial agents as [21-24].  

Table 4. Multiple Antibiotic Resistance Indices of Isolated to Select Antibiotics 

Bacterial spp. Multiple antibiotic resistance (MAR) index 

E. coli 0.64 

Pseudomonas 0.73 

Enterobacter spp. 0.64 

Klebsiella 0.82 

 

Additionally, regarding detection of Aminoglycosides resistance genes; results presented that wholly 
isolates that were already resistant to aminoglycosides group members (Tobramycin and Amikacin) also 
were positive for resistance genes and gave the amplicon products of both these genes as in figure 1 and 
2.  

 

Figure1. Agarose Gel Electrophoresis of parC gene amplicon after traditional PCR amplification in 

the four clinical bacterial isolates. Lane M=100 bp DNA Ladder (molecular marker), lanes 1-4 refer to the 

bacterial isolates' number. 

 

Figure2.Agarose Gel Electrophoresis of ant(2”)-la gene amplicon after traditional PCR amplification 

in the four clinical bacterial isolates. Lane M=100 bp DNA Ladder (molecular marker), lanes 1-4 refer to 

the bacterial isolates' number. 

https://biomedbiochem.nabea.pub/
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Aminoglycosides and Fluoroquinolones are useful in the management of bacterial infections  Wide 
use of antibiotics assisted the development of resistance , as will as other issues such as how to regulator 
the hygiene and organization of the hospital , and  the subsequent extent of bacterial strains or 
determinants of resistance . Controlling antibiotic consumption is an important component of combating 
multidrug resistance and documenting the importance of infection control programmers In the end, there 
must be cooperation between local and international policies by relying on the rules governing antibiotic 
policies and international or national recommendations and standards.  

Several studies were concerning with the detection of different aminoglycosides and Fluoroquinolones 
resistance genes and getting various high percentages of these genes [25-28]. Moreover, a great frequency 
distribution of AMEs was recorded previously in Gram-negative bacteria such as P. aeruginosa, A. 
baumannii, and K. pneumoniae [29]. 

4. Conclusion  

A high prevalence of genes conferring resistance to aminoglycosides was observed; specifically, genes 
such as "parC" and "ant(2")" were identified in 100% of the tested isolates, with Multiple Antibiotic 
Resistance (MAR) indices . Although these indicators reflect local resistance patterns, a major limitation 
of this study is the small sample size ($n=24$). There is an urgent need for comprehensive future studies 
involving larger bacterial cohorts from multiple medical centers (multicenter studies) to provide clearer 
insights for infection control efforts and antimicrobial policies. 
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