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Abstract: Objective: The resistance gene for bacterial species isolated from juvenile respiratory 

tract infections was the goal of the current investigation. Methods: The pcr approach was utilized to 

detect the resistance gene of two bacterial strains from respiratory tract infections in pediatric 

patients at the Children's Hospital in Karbala. The current study's findings demonstrated that four of 

the six isolates of Klebsiella pneumonia and five of the ten isolates of Pseudomonas aeruginosa 

exhibited the antibiotic Cephotaxime (CTX-M) resistance genes. Both two Klebsiella pneumonia 

isolates out of six and five Pseudomonas aeruginosa isolates out of ten both exhibited the antibiotic 

Temocillin (TEM) resistance gene. Conclusion: According to the results of the current experiment, 

the isolates that caused respiratory tract infections in children had the gene for antibiotic resistance 

to temocillin (TEM) and cefotaxime (CTX-M). 

Key points: Gene Resistance, Pseudomonas aeruginosa, Klebsiella pneumonia, CFX-M, TEM. 

 

 

Introduction 

The most frequent infections of the upper respiratory tract include tonsillitis, sinusitis, pharyngitis, 

nasopharyngitis, and otitis media. These serious problems are usually caused by viruses, such as 

influenza viruses, adenoviruses, rhinoviruses, and human respiratory viruses. Fever and chronic 

obstructive lung disease are caused by subsequent bacterial infections that develop after the viral 

invasion. Streptococcus pneumoniae, Moraxella catarrhalis, Staphylococcus aureus, Hemophilus 

influenzae, and Streptococcus pyogenes are the microbes that cause upper respiratory tract 

infections (RTIs).[1] The initial swelling that upper respiratory tract infections produce might 

jeopardize the airways and lead to asthma or difficulties swallowing, which also causes significant 

dehydration, even though these infections are rarely serious. Respiratory infections are more 

common in underdeveloped countries, where they are the second most common cause of 

pneumonia-related fatalities in children, behind diarrhea [1,2].  

According to statistics, there are 5.6 million cases of community-acquired pneumonia (CAP) in the 

US annually, which directly contributes to the 14% annual death rate [2,3]. 

Once-effective antibiotics are no longer efficient against bacteria. Gram-positive bacteria, especially 

vancomycin-resistant enterococci and methicillin-resistant Staphylococcus aureus, were the main 

cause for worry ten years ago [3]. But many clinical microbiologists now concur that the biggest 

hazard to public health is multidrug-resistant Gram-negative bacteria [4]. 

Only a few number of drug research initiatives will be sufficient to provide therapeutic coverage in 

the next ten to twenty years because of the sharp rise in Gram-negative bacteria's resistance to both 

existing and emerging antibiotics. The primary cause of the rise in antibiotic-resistant bacteria is the 

mobile genes on plasmids, which proliferate and disperse among bacterial species [5].  

One of the primary causes of the development of antibiotic resistance in bacteria is the overuse and 

abuse of antibiotics to treat respiratory infections [6]. 
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Another component that contributes to bacterial resistance to antibiotics is the production of 

biofilms during the quorum sensing process, which releases the beta-lactamase enzyme that breaks 

down many antibiotics [7].  

Haemophilus influenzae was shown to be resistant to ampicillin, Streptococcus pneumoniae to both 

penicillin and erythromycin, and isolates of Streptococcus pyogenes to erythromycin. Erythromycin 

resistance was observed in S. pyogenes [8]. 

With a rise in death rates from severe illnesses brought on by different bacteria in respiratory 

infections in China, bacterial resistance to currently available antibiotics has reached a serious level 

globally. Thus, further research is required to identify novel bacterial strains that are resistant to 

various antibiotics. In order to improve the effectiveness of currently available medications, restore 

the efficacy of current medications, and create a new class of antibiotics tailored to the novel 

antibiotic resistance mechanisms, a potential strategy to target the regulation of bacterial resistance 

mechanisms will be developed using the isolated resistant bacterial strains [9]. 

The purpose of this study was to discover bacterial species from sick individuals of all ages residing 

in various regions of China that are resistant to commonly given antibiotics. 

Materials and Methods 

Samples 

The current study was carried out on pediatric patients with respiratory tract infections at Children's 

Hospital in Karbala between April 2024 and September 2024. Where bacteria were isolate and 

diagnosis as well as antibiotic resistance test by Vitek. 

Identification of antibiotic resistance genes in isolated bacteria:  

1. Molecular detection 

DNA was extracted using the heat lysis technique then use monoplex-PCR [10]. Table 1, lists the 

primer utilized in this study. 

Table 1: The primers used in this study are listed 
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In monoplex-PCR, the conditions for PCR amplification: The primers were created by first 

annealing for 1.5 minutes at 56 ºC, then extending for 1 minute at 95 ºC, and then extending for 10 

minutes at 95 ºC. Five minutes of denaturation at 95 ºC, followed by thirty-five cycles of one 

minute of natural denaturation at 95 ºC. 

After the PCR results were analyzed using electrophoresis on an agarose gel, they were visualized 

using a UV transilluminator.  

Results and Discussion 

Out of the numerous bacterial species gathered from the Children's Hospital in Karbala, 16 isolates 

of two different types of bacteria were found from children who had respiratory tract infections. 

These two species of bacteria, Pseudomonas aeruginosa and Klebsiella pneumoniae, were resistant 

to the medications temocillin (Temocillin - TEM) and cephotaxime (Cephotaxime - CTX), as shown 

in Table 2.  

Table 2: Bacterial isolates from children with respiratory tract infections. 

 

Cephotaxime 

In Figures 1 and 2, Following their showed in gel electrophoresis, the results of the PCR-discovered 

genes for the ceftazidime-resistant bacteria Pseudomonas aeruginosa and Klebsiella pneumonia 

revealed that CTX_M was present and appeared in the range of 550 bp range.  

 

Figure 1: Range of UV results for the electrophoretic migration of the gel for the cefotaxime 

resistance gene. 
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Figure 2: UV range results for the electrophoretic mobility of the gel for the cefotaxime 

resistance gene. 

The resistance gene for the antibiotic temocillin (Temocilin-TEM)  

In Figures 3 and 4, Following their presence in gel electrophoresis, the PCR results of the genes for 

timosiline-resistant Pseudomonas aeruginosa and Klebsiella pneumonia bacteria revealed that TEM 

was present and appeared in the range of 1150 bp. 

 

Figure 3: Range of UV results for the electrophoretic migration of the gel for the 

temozolomide resistance gene. Pseudomonas aeruginosa is a bacterium. (Temocilin-TEM). 

 

Figure 4: range of UV outcomes for the temozolomide resistance gene electrophoretic 

migration of the gel. 
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Multi-drug resistance bacterial infections caused by Klebsiella pneumoniae (Temocilin-TEM) are 

one of the biggest issues that patients worldwide deal with, since they raise hospital expenses and 

mortality rates. Antibiotic resistance is a serious hazard to public health, according to the World 

Health Organization and the Centers for Disease Control and Prevention [13].  

P. aeruginosa is one of several bacterial infections that are classified. Pathogens include 

Acinetobacter baumannii, Staphylococcus aureus, Enterobacter, Klebsiella pneumoniae, and 

Enterococcus fecium. Extremely drug-resistant and a leading cause of infections acquired in 

hospitals. One of the most common bacteria, P. aeruginosa, is also the cause of hospital-acquired 

infections and treatment resistance. As a result, certain strains of P. aeruginosa are able to 

successfully evade antibiotic treatment [14].  

In recent years, carbapenems, imipenem, and meropenem have been identified as successful 

therapies for P. aeruginosa infections. But in recent years, bacteria have become resistant to various 

antibiotics, and colistin or polymyxin B has been recognized as a last choice for treating P. 

aeruginosa that is very drug-resistant. However, colistin resistance has also been reported recently. 

Furthermore, it explains. Eleven percent of hospital-acquired infections are caused by P. 

aeruginosa, which has high mortality and morbidity rates, particularly in patients with 

compromised immune systems. Colonization, surgical wound infections, urinary tract infections, 

pneumonia, and bacteremia can occur in the kidneys, urinary tract, and upper respiratory tract. 

Among the primary virulence agents are adhesions, hemolysins, exotoxins, proteases, and iron 

carriers [17].  

Reduced expression or damage to the OprD porin results in lower antibiotic permeability and 

increased expression of the MexAB-OprM pump, which is one of the documented mechanisms of 

antibiotic resistance for P. aeruginosa. This in turn leads to a rise in the flow of antibiotics, as well 

as the creation of aminoglycosides and beta-lactam inactivating enzymes due to gyrase and 

topoisomerase mutations that induce fluoroquinolone resistance. The procedure outlined may be a 

factor in multidrug resistance [18,19].  

One of the main obstacles preventing antibiotics from penetrating Pseudomonas aeruginosa 

bacteria is their outer membrane. P. aeruginosa creates a number of pores, including OprD and 

OprF. Accordingly, imipenem resistance is linked to decreased or absent expression of (OprD)[20]  

Conclusions 

Through the results of the current study, the following conclusions can be reached:  

1. Among the most dangerous kinds of bacteria that infect children's respiratory tracts is Both 

Klebsiella pneumoniae and Pseudomonas aeruginosa are among the most harmful bacterial 

species that cause respiratory tract infections in children. 

2. Cefotaxime and ticarcillin resistance genes were detected in the isolates.  

References 

1. Ndip RN, Ntiege EA, Ndip LM, Akoachere JFT, Akenji TN. Antimicrobial resistance of 

bacterial agents of the upper respiratory tract of school children in Buea, Cameroon. J Health 

Popul Nutr. 2009;26:397–404. doi: 10.3329/jhpn.v26i4.1881. [PMC free article] [PubMed] 

[CrossRef] [Google Scholar] [Ref list].  

2. Karchmer AW. Increased antibiotic resistance in respiratory tract pathogens: PROTEKT US—

an update. Clin Infect Dis Off Publ Infect Dis Soc Am. 2004;39:S142–S150. doi: 

10.1086/421352. [PubMed] [CrossRef] [Google Scholar] [Ref list].  

3. Kumarasamy KK, Toleman MA, Walsh TR, Bagaria J, Butt F, Balakrishnan R, Chaudhary U, 

Doumith M, Giske CG, Irfan S. Emergence of a new antibiotic resistance mechanism in India, 

Pakistan, and the UK: a molecular, biological, and epidemiological study. Lancet Infect Dis. 

2010;10:597–602. doi: 10.1016/S1473-3099(10)70143-2. [PMC free article] [PubMed] 

[CrossRef] [Google Scholar] [Ref list].  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2740700/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2740700/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2740700/
https://pubmed.ncbi.nlm.nih.gov/19069618
https://pubmed.ncbi.nlm.nih.gov/19069618
https://pubmed.ncbi.nlm.nih.gov/19069618
https://doi.org/10.3329%2Fjhpn.v26i4.1881
https://doi.org/10.3329%2Fjhpn.v26i4.1881
https://scholar.google.com/scholar_lookup?journal=J+Health+Popul+Nutr&title=Antimicrobial+resistance+of+bacterial+agents+of+the+upper+respiratory+tract+of+school+children+in+Buea,+Cameroon&author=RN+Ndip&author=EA+Ntiege&author=LM+Ndip&author=JFT+Akoachere&author=TN+Akenji&volume=26&publication_year=2009&pages=397-404&pmid=19069618&doi=10.3329/jhpn.v26i4.1881&
https://scholar.google.com/scholar_lookup?journal=J+Health+Popul+Nutr&title=Antimicrobial+resistance+of+bacterial+agents+of+the+upper+respiratory+tract+of+school+children+in+Buea,+Cameroon&author=RN+Ndip&author=EA+Ntiege&author=LM+Ndip&author=JFT+Akoachere&author=TN+Akenji&volume=26&publication_year=2009&pages=397-404&pmid=19069618&doi=10.3329/jhpn.v26i4.1881&
https://scholar.google.com/scholar_lookup?journal=J+Health+Popul+Nutr&title=Antimicrobial+resistance+of+bacterial+agents+of+the+upper+respiratory+tract+of+school+children+in+Buea,+Cameroon&author=RN+Ndip&author=EA+Ntiege&author=LM+Ndip&author=JFT+Akoachere&author=TN+Akenji&volume=26&publication_year=2009&pages=397-404&pmid=19069618&doi=10.3329/jhpn.v26i4.1881&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR16
https://pubmed.ncbi.nlm.nih.gov/15546109
https://pubmed.ncbi.nlm.nih.gov/15546109
https://doi.org/10.1086%2F421352
https://doi.org/10.1086%2F421352
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis+Off+Publ+Infect+Dis+Soc+Am&title=Increased+antibiotic+resistance+in+respiratory+tract+pathogens:+PROTEKT+US—an+update&author=AW+Karchmer&volume=39&publication_year=2004&pages=S142-S150&doi=10.1086/421352&
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis+Off+Publ+Infect+Dis+Soc+Am&title=Increased+antibiotic+resistance+in+respiratory+tract+pathogens:+PROTEKT+US—an+update&author=AW+Karchmer&volume=39&publication_year=2004&pages=S142-S150&doi=10.1086/421352&
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis+Off+Publ+Infect+Dis+Soc+Am&title=Increased+antibiotic+resistance+in+respiratory+tract+pathogens:+PROTEKT+US—an+update&author=AW+Karchmer&volume=39&publication_year=2004&pages=S142-S150&doi=10.1086/421352&
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis+Off+Publ+Infect+Dis+Soc+Am&title=Increased+antibiotic+resistance+in+respiratory+tract+pathogens:+PROTEKT+US—an+update&author=AW+Karchmer&volume=39&publication_year=2004&pages=S142-S150&doi=10.1086/421352&
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis+Off+Publ+Infect+Dis+Soc+Am&title=Increased+antibiotic+resistance+in+respiratory+tract+pathogens:+PROTEKT+US—an+update&author=AW+Karchmer&volume=39&publication_year=2004&pages=S142-S150&doi=10.1086/421352&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2933358/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2933358/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2933358/
https://pubmed.ncbi.nlm.nih.gov/20705517
https://pubmed.ncbi.nlm.nih.gov/20705517
https://pubmed.ncbi.nlm.nih.gov/20705517
https://doi.org/10.1016%2FS1473-3099(10)70143-2
https://doi.org/10.1016%2FS1473-3099(10)70143-2
https://doi.org/10.1016%2FS1473-3099(10)70143-2
https://scholar.google.com/scholar_lookup?journal=Lancet+Infect+Dis&title=Emergence+of+a+new+antibiotic+resistance+mechanism+in+India,+Pakistan,+and+the+UK:+a+molecular,+biological,+and+epidemiological+study&author=KK+Kumarasamy&author=MA+Toleman&author=TR+Walsh&author=J+Bagaria&author=F+Butt&volume=10&publication_year=2010&pages=597-602&pmid=20705517&doi=10.1016/S1473-3099(10)70143-2&
https://scholar.google.com/scholar_lookup?journal=Lancet+Infect+Dis&title=Emergence+of+a+new+antibiotic+resistance+mechanism+in+India,+Pakistan,+and+the+UK:+a+molecular,+biological,+and+epidemiological+study&author=KK+Kumarasamy&author=MA+Toleman&author=TR+Walsh&author=J+Bagaria&author=F+Butt&volume=10&publication_year=2010&pages=597-602&pmid=20705517&doi=10.1016/S1473-3099(10)70143-2&
https://scholar.google.com/scholar_lookup?journal=Lancet+Infect+Dis&title=Emergence+of+a+new+antibiotic+resistance+mechanism+in+India,+Pakistan,+and+the+UK:+a+molecular,+biological,+and+epidemiological+study&author=KK+Kumarasamy&author=MA+Toleman&author=TR+Walsh&author=J+Bagaria&author=F+Butt&volume=10&publication_year=2010&pages=597-602&pmid=20705517&doi=10.1016/S1473-3099(10)70143-2&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR11


  Journal of Science in Medicine and Life, Volume: 3 Issue: 1 Year: 2025                                     ISSN: 2992-9202 

26 
 

4. Ukpai AE, Ngozi ME, Adam M. Enzymatic inactivation of penicillins: an emerging threat to 

global public health. Int J Pharm Sci Res. 2015;6:3276– 3284. [Google Scholar] [Ref list].  

5. Bennett PM. Plasmid encoded antibiotic resistance: acquisition and transfer of antibiotic 

resistance genes in bacteria. Br J Pharmacol. 2009;153:S347– S357. doi: 

10.1038/sj.bjp.0707607. [PMC free article] [PubMed] [CrossRef] [Google Scholar] [Ref list].  

6. Gonzales R, Steiner J, Sande M. Antibiotic prescribing for adults with colds, upper respiratory 

tract infections, and bronchitis by ambulatory care physicians. JAMA. 1997;278:901–904. doi: 

10.1001/jama.1997.03550110039033. [PubMed] [CrossRef] [Google  Scholar] [Ref list].  

7. Wilke MS, Lovering AL, Strynadka NCJ. β-Lactam antibiotic resistance: a current structural 

perspective. Curr Opin Microbiol. 2005;8:525–533. doi: 10.1016/j.mib.2005.08.016. [PubMed] 

[CrossRef] [Google Scholar] [Ref list].  

8. Karchmer AW. Increased antibiotic resistance in respiratory tract pathogens: PROTEKT US—

an update. Clin Infect Dis Off Publ Infect Dis Soc Am. 2004;39:S142–S150. doi: 

10.1086/421352. [PubMed] [CrossRef] [Google Scholar] [Ref list].  

9. Tanvir Mahtab Uddin, Arka Jyoti Chakraborty, Ameer Khusro, BM Redwan Matin Zidan, 

Saikat Mitra, Talha Bin Emran, Kuldeep Dhama, Md. Kamal Hossain Ripon, Márió Gajdács, 

Muhammad Umar Khayam Sahibzada, Md. Jamal Hossain, Niranjan Koirala, Antibiotic 

resistance in microbes: History, mechanisms, therapeutic strategies and future prospects, Journal 

of Infection and Public Health, Volume 14, Issue 12, 2021, Pages 1750-1766, ISSN 1876-0341, 

https://doi.org/10.1016/j.jiph.2021.10.020 

.(https://www.sciencedirect.com/science/article/pii/S1876034121003403 ).  

10. ABRAR, S., VAJEEHA, A., UL-AIN, N. & RIAZ, S. 2017. Distribution of CTX-M group I and 

group III β-lactamases produced by Escherichia coli and Klebsiella pneumoniae in Lahore, 

Pakistan. Microbial pathogenesis, 103, 8-.21  

11. Liu, L., D. Shawki, A. Voulgarakis, M. Kasoar, B.H. Samset, G. Myhre, P.M. Forster, Ø. 

Hodnebrog, J. Sillmann, S.G. Aalbergsjø, O. Boucher, G. Faluvegi, T. Iversen, A. Kirkevåg, J.-

F. Lamarque, D. Olivié, T. Richardson, D. Shindell, and T. Takemura, 2018: A PDRMIP multi-

model study on the impacts of regional aerosol forcings on global and regional precipitation. J. 

Climate, 31, no. 11, 4429-4447, doi:10.1175/JCLI-D-17-0439.1.  

12. Ramatla T, Tawana M, Onyiche TE, Lekota KE, Thekisoe O. One Health Perspective of 

Salmonella Serovars in South Africa Using Pooled Prevalence: Systematic Review and Meta-

Analysis. Int J Microbiol. 2022 Apr 20;2022:8952669. doi: 10.1155/2022/8952669. PMID: 

35498396; PMCID: PMC9046003.  

13. America IDSo. The 10×'20 Initiative: pursuing a global commitment to develop 10 new 

antibacterial drugs by 2020. Clin Infect Dis. 2010;50(8):1081–3. [PubMed] [Google Scholar]  

14. Rice LB. Progress and challenges in implementing the research on ESKAPE pathogens. Infect 

Control Hosp Epidemiol. 2010;31(S1):7–10. [PubMed] [Google Scholar]  

15. Fernández L, Gooderham WJ, Bains M, McPhee JB, Wiegand I, Hancock RE. Adaptive 

resistance to the “last hope” antibiotics polymyxin B and colistin in Pseudomonas aeruginosa is 

mediated by the novel two-component regulatory system ParR-ParS. Antimicrob Agents 

Chemother. 2010;54(8):3372–82. [PMC free article] [PubMed] [Google Scholar]  

16. Lescat M, Poirel L, Tinguely C, Nordmann P. A resazurin reduction-based assay for rapid 

detection of polymyxin resistance in Acinetobacter baumannii and Pseudomonas aeruginosa. J 

Clin Microbiol. 2019;57(3):e01563–18. [PMC free article] [PubMed] [Google Scholar]  

17. Bălăşoiu M, Bălăşoiu A, Mănescu R, Avramescu C, Ionete O. Pseudomonas aeruginosa 

resistance phenotypes and phenotypic highlighting methods. Curr Health Sci J. 2014;40(2):85. 

[PMC free article] [PubMed] [Google Scholar]  

https://scholar.google.com/scholar_lookup?journal=Int+J+Pharm+Sci+Res&title=Enzymatic+inactivation+of+penicillins:+an+emerging+threat+to+global+public+health&author=AE+Ukpai&author=ME+Ngozi&author=M+Adam&volume=6&publication_year=2015&pages=3276-3284&
https://scholar.google.com/scholar_lookup?journal=Int+J+Pharm+Sci+Res&title=Enzymatic+inactivation+of+penicillins:+an+emerging+threat+to+global+public+health&author=AE+Ukpai&author=ME+Ngozi&author=M+Adam&volume=6&publication_year=2015&pages=3276-3284&
https://scholar.google.com/scholar_lookup?journal=Int+J+Pharm+Sci+Res&title=Enzymatic+inactivation+of+penicillins:+an+emerging+threat+to+global+public+health&author=AE+Ukpai&author=ME+Ngozi&author=M+Adam&volume=6&publication_year=2015&pages=3276-3284&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR27
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR27
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR27
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2268074/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2268074/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2268074/
https://pubmed.ncbi.nlm.nih.gov/18193080
https://pubmed.ncbi.nlm.nih.gov/18193080
https://pubmed.ncbi.nlm.nih.gov/18193080
https://doi.org/10.1038%2Fsj.bjp.0707607
https://doi.org/10.1038%2Fsj.bjp.0707607
https://scholar.google.com/scholar_lookup?journal=Br+J+Pharmacol&title=Plasmid+encoded+antibiotic+resistance:+acquisition+and+transfer+of+antibiotic+resistance+genes+in+bacteria&author=PM+Bennett&volume=153&publication_year=2009&pages=S347-S357&pmid=18193080&doi=10.1038/sj.bjp.0707607&
https://scholar.google.com/scholar_lookup?journal=Br+J+Pharmacol&title=Plasmid+encoded+antibiotic+resistance:+acquisition+and+transfer+of+antibiotic+resistance+genes+in+bacteria&author=PM+Bennett&volume=153&publication_year=2009&pages=S347-S357&pmid=18193080&doi=10.1038/sj.bjp.0707607&
https://scholar.google.com/scholar_lookup?journal=Br+J+Pharmacol&title=Plasmid+encoded+antibiotic+resistance:+acquisition+and+transfer+of+antibiotic+resistance+genes+in+bacteria&author=PM+Bennett&volume=153&publication_year=2009&pages=S347-S357&pmid=18193080&doi=10.1038/sj.bjp.0707607&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR1
https://pubmed.ncbi.nlm.nih.gov/9302241
https://pubmed.ncbi.nlm.nih.gov/9302241
https://doi.org/10.1001%2Fjama.1997.03550110039033
https://doi.org/10.1001%2Fjama.1997.03550110039033
https://scholar.google.com/scholar_lookup?journal=JAMA&title=Antibiotic+prescribing+for+adults+with+colds,+upper+respiratory+tract+infections,+and+bronchitis+by+ambulatory+care+physicians&author=R+Gonzales&author=J+Steiner&author=M+Sande&volume=278&publication_year=1997&pages=901-904&pmid=9302241&doi=10.1001/jama.1997.03550110039033&
https://scholar.google.com/scholar_lookup?journal=JAMA&title=Antibiotic+prescribing+for+adults+with+colds,+upper+respiratory+tract+infections,+and+bronchitis+by+ambulatory+care+physicians&author=R+Gonzales&author=J+Steiner&author=M+Sande&volume=278&publication_year=1997&pages=901-904&pmid=9302241&doi=10.1001/jama.1997.03550110039033&
https://scholar.google.com/scholar_lookup?journal=JAMA&title=Antibiotic+prescribing+for+adults+with+colds,+upper+respiratory+tract+infections,+and+bronchitis+by+ambulatory+care+physicians&author=R+Gonzales&author=J+Steiner&author=M+Sande&volume=278&publication_year=1997&pages=901-904&pmid=9302241&doi=10.1001/jama.1997.03550110039033&
https://scholar.google.com/scholar_lookup?journal=JAMA&title=Antibiotic+prescribing+for+adults+with+colds,+upper+respiratory+tract+infections,+and+bronchitis+by+ambulatory+care+physicians&author=R+Gonzales&author=J+Steiner&author=M+Sande&volume=278&publication_year=1997&pages=901-904&pmid=9302241&doi=10.1001/jama.1997.03550110039033&
https://scholar.google.com/scholar_lookup?journal=JAMA&title=Antibiotic+prescribing+for+adults+with+colds,+upper+respiratory+tract+infections,+and+bronchitis+by+ambulatory+care+physicians&author=R+Gonzales&author=J+Steiner&author=M+Sande&volume=278&publication_year=1997&pages=901-904&pmid=9302241&doi=10.1001/jama.1997.03550110039033&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR8
https://pubmed.ncbi.nlm.nih.gov/16129657
https://pubmed.ncbi.nlm.nih.gov/16129657
https://doi.org/10.1016%2Fj.mib.2005.08.016
https://doi.org/10.1016%2Fj.mib.2005.08.016
https://scholar.google.com/scholar_lookup?journal=Curr+Opin+Microbiol&title=β-Lactam+antibiotic+resistance:+a+current+structural+perspective&author=MS+Wilke&author=AL+Lovering&author=NCJ+Strynadka&volume=8&publication_year=2005&pages=525-533&pmid=16129657&doi=10.1016/j.mib.2005.08.016&
https://scholar.google.com/scholar_lookup?journal=Curr+Opin+Microbiol&title=β-Lactam+antibiotic+resistance:+a+current+structural+perspective&author=MS+Wilke&author=AL+Lovering&author=NCJ+Strynadka&volume=8&publication_year=2005&pages=525-533&pmid=16129657&doi=10.1016/j.mib.2005.08.016&
https://scholar.google.com/scholar_lookup?journal=Curr+Opin+Microbiol&title=β-Lactam+antibiotic+resistance:+a+current+structural+perspective&author=MS+Wilke&author=AL+Lovering&author=NCJ+Strynadka&volume=8&publication_year=2005&pages=525-533&pmid=16129657&doi=10.1016/j.mib.2005.08.016&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR28
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR28
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR28
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR28
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR28
https://pubmed.ncbi.nlm.nih.gov/15546109
https://pubmed.ncbi.nlm.nih.gov/15546109
https://doi.org/10.1086%2F421352
https://doi.org/10.1086%2F421352
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis+Off+Publ+Infect+Dis+Soc+Am&title=Increased+antibiotic+resistance+in+respiratory+tract+pathogens:+PROTEKT+US—an+update&author=AW+Karchmer&volume=39&publication_year=2004&pages=S142-S150&doi=10.1086/421352&
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis+Off+Publ+Infect+Dis+Soc+Am&title=Increased+antibiotic+resistance+in+respiratory+tract+pathogens:+PROTEKT+US—an+update&author=AW+Karchmer&volume=39&publication_year=2004&pages=S142-S150&doi=10.1086/421352&
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis+Off+Publ+Infect+Dis+Soc+Am&title=Increased+antibiotic+resistance+in+respiratory+tract+pathogens:+PROTEKT+US—an+update&author=AW+Karchmer&volume=39&publication_year=2004&pages=S142-S150&doi=10.1086/421352&
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis+Off+Publ+Infect+Dis+Soc+Am&title=Increased+antibiotic+resistance+in+respiratory+tract+pathogens:+PROTEKT+US—an+update&author=AW+Karchmer&volume=39&publication_year=2004&pages=S142-S150&doi=10.1086/421352&
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis+Off+Publ+Infect+Dis+Soc+Am&title=Increased+antibiotic+resistance+in+respiratory+tract+pathogens:+PROTEKT+US—an+update&author=AW+Karchmer&volume=39&publication_year=2004&pages=S142-S150&doi=10.1086/421352&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987631/#CR10
https://doi.org/10.1016/j.jiph.2021.10.020
https://doi.org/10.1016/j.jiph.2021.10.020
https://www.sciencedirect.com/science/article/pii/S1876034121003403
https://www.sciencedirect.com/science/article/pii/S1876034121003403


  Journal of Science in Medicine and Life, Volume: 3 Issue: 1 Year: 2025                                     ISSN: 2992-9202 

27 
 

18. Zeng Z-R, Wang W-P, Huang M, Shi L-N, Wang Y, Shao H-F. Mechanisms of carbapenem 

resistance in cephalosporin-susceptible Pseudomonas aeruginosa in China. Diagn Microbiol 

Infect Dis. 2014;78(3):268–70. [PubMed] [Google Scholar]  

19. Chaudhary M, Payasi A. Rising antimicrobial resistance of Pseudomonas aeruginosa isolated 

from clinical specimens in India. J Proteomics Bioinform. 2013;6(1):005–9. [Google Scholar]  

20. Lambert P. Mechanisms of antibiotic resistance in Pseudomonas aeruginosa. J R Soc Med. 

2002;95(41):22. [PMC free article] [PubMed] [Google Scholar] 


