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ABSTRACT 

The emergence of new classes of superbugs and the prevailing invisible pandemic of Antimicrobial Resistance (AMR) has posed a great threat on the global public health system. It inflicts catastrophic illness thereby draining the wealth and hale of every country. Misemployment and overutilization of various antibiotics in humans, animals and agri-food systems are cited as the major contributors. India being a developing country that is vulnerable to the acute phase of AMR, the pressing priority should be to find an alternative Solution. The present study explores the possibilities in the development of a PCR panel that could detect the AMR gene (NDM-1, KPC, OXA 48). The approach demanded the molecular screening of respective AMR genes that were made available from the clinical isolates of two species (Spp.) of Acinetobacter - Acinetobacter baumanni and Acinetobacter junii. Quadrant streak plate cell passaging and Gram staining was done which was followed by Antibiotics Sensitivity Test (AST) in order to confirm the Multidrug resistant (MDR) nature of the genes. Primer designing was made possible with the aid of NCBI, Primer-BLAST and Primer Stats. The DNAs of species under study were isolated using a silica column-based technique exploiting the Xploregen kit and were quantified using Qubit fluorometer. The specific segments of DNA were amplified under the Polymerase Chain Reaction (PCR) and the PCR products were detected using Agarose Gel Electrophoresis (AGE). The bands thus formed represents the AMR genes that imparts the resistance in Acinetobacter Spp. The present study plays a pivotal role enabling the healthcare professional to develop drugs with efficacy rather than spending more on the conventional drug to which the organisms are resistant to. 










INTRODUCTION 

Health is an important aspect of life that enables us to perform our role to the best in society. According to the World Health Organization (WHO), health is not only the absence of disease but also includes the mental, physical and social well-being of an individual. There are many other factors such as hereditary, environmental, lifestyle factors and socio-economic conditions that contribute to the achievement and deterioration of health. The access and use of these services act as determinants of health. There are many emerging threats to the global health system and one among them is the AMR.
Microorganisms are tiny creatures that are important to us both in beneficial and harmful ways. The natural microbiota of gut, skin, mouth and other parts that live in symbiotic relationship are useful in digestion, nutrition and immune responses. At the same time some others are disease causing in humans, plants and animals. They are found in a variety of habitats and are propagated in a faster rate. Usually, the disease-causing microorganisms are treated using specific antibiotics. However, efficiency of these drugs is under a huge question mark these days.
Antibiotics are medications that are used to treat bacterial infection by either killing them (bactericidal) or inhibit their growth (bacteriostatic) and are generally fruitless against other microorganisms. They are introduced into the body orally or by injecting into the blood streams. Antibiotics are classified into beta-lactams, aminoglycosides, fluoroquinolones, macrolides, tetracyclines, and sulphonamides based on their mode of action against bacteria. Among them, beta-lactams (subclasses: penicillin, cephalosporin, carbapenem etc.) contain a beta-lactam ring in their chemical structure which function as an agent that inhibit the synthesis of cell wall by binding specifically to the penicillin-binding proteins (PBPs). This alters their survival mechanism leading to cell lysis and death of the organism. Since human beings lack the peptidoglycan, beta-lactam antibiotics are harmless and are considered as the most prescribed, safe and effective antibiotics for treating an array of infections. 
ANTIMICROBIAL RESISTANCE 
AMR can be defined as the process by which certain microorganisms develop resistance against drugs that are used to treat diseases. In other words, it is the resistance of microbes against antimicrobials such as antibiotics, antifungal and antiparasitic etc. Those microbes are termed as “superbugs”. Under these circumstances, the disease-causing microorganisms will no longer respond to the medicine that are designed to treat the illness. This resistance is acquired over time as a result of genetic changes in the microbe that is happening either naturally or by acquiring gene that have the ability to resist the action of specific drugs from others.
Antimicrobial Resistant genes (ARGs) are those genes that encode for proteins that imparts resistance to the organism against antibiotics. They usually interfere with the antibiotic's effective working mechanism and render them useless against disease causing bacteria making them able to survive the exposure of antimicrobial drugs (E.g., NDM-1, KPC, OXA 48 etc.). These genes are generally incorporated in the mobile genetic elements such as plasmid, transposons, integrons etc. Thus, they get easily transferred between different microorganisms by horizontal gene transfer method such as conjugation, transduction, transformation resulting in an escalating roll out of resistance. The presence of these genes in organism helps them to evade the effectiveness of antibiotics by a variety of mechanisms. They take part in the modifications of antibiotic molecules either by enzymatic inactivation or alteration or by limiting the uptake of antibiotics. Another method would be by the modifications of the antibiotics target or by biofilm formation. The former one involves the production of enzymes including the beta-lactamase, carbapenemase that can directly hydrolyse the cell wall and leading to the cell lysis and death of the organism or prevent binding to target site and alter their activity. Whereas, in some other forms, these genes enable the alteration of cell wall permeability thereby restricting the entry of antibiotics. The efflux pump also aids in this mechanism to pump out the antibiotics from entering inside. Thus, AMR is considered as an invisible pandemic as it silently abates the effectiveness of drugs.
As per 2018 Organisation for Economic Co-operation and Development (OECD) report, an alarming rise in the resistance rate is expected by 2030. Misuse and overuse of various antibiotics are cited as the major contributor of AMR. The use of antimicrobials in humans, agri-food systems, in animals to promote the growth and the covid-19 pandemic have raised concern.
AMR mainly affects immunocompromised individuals and makes it difficult to treat diseases such as Pneumonia, Tuberculosis, Septicaemia etc. It accounts for a large number of morbidity and mortality among patients with major surgery and chemotherapy. It inflicts complications such as delayed recovery and hence causes longer hospitalization and high heath cost. Thus, AMR strains the health and economy of a country.
The Indian Network for Surveillance of Antimicrobial Resistance (INSAR) reveal the findings of their study that, an increased resistance rate is observed among commonly used drugs such as ciprofloxacin, clindamycin, erythromycin, gentamicin etc. According to WHO, Escherichia coli shows 8.4% to 92.9% resistance and Klebsiella pneumoniae shows 4.1% to 79.4% resistance against the antibiotic ciprofloxacin which is used to treat Urinary Tract Infection (UTI).
India being a developing country that is vulnerable to the acute phase of AMR, the need to find an alternative remains high.The present study involves the molecular screening of AMR gene (NDM-1, KPC, OXA 48) from the clinical isolates of Acinetobacter. 


Acinetobacter 
Acinetobacter are gram-negative bacteria that belongs to the moraxellaceae family. The Acinetobacter baumannii and Acinetobacter junii are the two species of Acinetobacter that play a major role in Hospital-acquired Infection (HAI). They are mainly found in soil, water and hospital environments causing diseases and nosocomial infection. They either remain in the body endogenously (opportunistic normal flora) and disrupt the barrier between the sterile and non-sterile tissues or they enter the body through exogenous sources like infected medical equipment’s such as urinary catheters, central venous catheters, mechanical ventilation and contaminated environment etc. Some of these microbes produce toxins that invade the nervous system and bind to specific sites thereby preventing the synthesis of neurotransmitters and cause paralysis, while some others result in Multi Organ Failure (MOF) and may lead to death.
Molecular screening is a set of laboratory techniques used to detect the specific markers responsible for diseases from the given test samples. It enables us to understand the root cause of the problem to the molecular level thereby aiding in diagnosis, prognosis and in tailoring the best treatment strategies. The treatment mainly Involves maintaining personal hygiene and to avoid exposure to contaminated sources.  Active and passive immunisation using injections and antitoxin serum or a combination of both is used under emergency situations. The goal of treatment is to cure the disease with drugs that are designed to fight the microorganisms. But in certain cases, the primary stages are usually asymptomatic or they exhibit the symptoms of common cold. This makes the diagnosis and treatment difficult as we are unable to provide disease specific medicine. If the patient fails to take medication prescribed by the doctor, it makes the situation even worse by the formation of a Multidrug Resistant (MDR) strain which is hard to treat.
Considering this situation, it is the need of the hour to develop a diagnostic tool to detect the presence of AMR genes in microorganisms thereby helping the medical professionals to develop more specific and efficient drugs to treat disease rather than spending a lot more money and effort on the conventional drugs.








AIM AND OBJECTIVE 

AIM - To develop a PCR panel that could detect the presence of AMR genes in A.baumannii and A.junii.
OBJECTIVES -
· To specifically design primers for AMR genes- NDM-1, KPC and OXA 48
· To assess the antibiotics susceptibility profile of the isolated strains of Acinetobacter 
· To perform molecular screening for the detection of AMR genes
· To validate PCR panel using A.baumannii and A.junii


RELEVANCE 
The present study is critically important for many reasons:
Acinetobacter spp. is known for developing HAIs, and are potentially emerging MDR bacteria. They give rise to alarming threats in the health care sector. They account for colossal amount of morbidity and mortality among the patients. The early detection of these genes and accurate tailoring of treatment strategy helps to manage the pernicious effect. Additionally, many studies focus solely either on the molecular basis or the phenotypic one which fails to gather both the data. The correlation of genotypic and phenotypic resistance enables us to obtain more precise understanding on the pathogenesis and to identify the risk population in a more effective way. Molecular screening aids in directed treatment rather than the empirical one thereby reducing further drug induced resistance, saves time, money and labour. Alongside, the study contributes to the national and global AMR surveillance program and in the upliftment of the country’s prosperity and wealth.






REVIEW OF LITERATURE 

ANTIMICROBIAL RESISTANCE (AMR) 
AMR is considered as a global problem which is mainly due to the lack of response of microorganisms against the antimicrobials thereby permitting their growth within the body of the host. The inappropriate use of the antibiotics are the major contributor, hence special care and attention must be given to the dosage and consumption of these drugs. Various strategies have been adopted to overcome this chronic public health problem. A major revolutionary step is the 'One Health Approach’ involving multidisciplinary effort. It also stresses the need for public awareness and health literacy among the layman (Tang et al., 2023). It has been suggested that the AMR is not a new phenomenon since it existed way before the establishment of antimicrobials. It was found that, many strains of bacteria that were obtained from the melted glaciers shown resistance to ampicillin, vancomycin etc. (Morrison et al., 2020). As per WHO, AMR is categorised as one among the top 10 concern faced by mankind. It has been approximated globally that 4.9 million deaths due to infections caused by drug resistance and is expected to reach an aggregate of 10 million by 2050 (walsh et al., 2023). Modern science has advanced a lot with the development of antimicrobials that have the potential to save the lives of millions of people. With the evolution of AMR strains of microbes, it threatens the health system. Hence, identifying the agents and the factors that contribute the resistance is important (Hilary et al., 2016).

DISSEMINATION 
The use and misuse of antimicrobials in humans, agriculture system, animal husbandry are some of the underlined reasons for AMR. Apart from this, the mutation of microbes, passage of resistant genes by horizontal gene transfers also results in the rapid spread of resistance among microorganisms. The lack of regulatory policies and the easy access of medicine pave the way for self-treatment of diseases also resulted in spreading the microbes faster. Thus, it widens the gap between the developed and developing countries (Dadgostar Porooshat., 2019). Severe Acute Respiratory Syndrome (SARS) which is considered as a serious form of pneumonia that is caused by SARS-associated coronavirus (SARS coV) is difficult to distinguish from the normal viral and bacterial infections. Hence, regular prescription of broad-spectrum antimicrobials to covid-19 patients is cited as reason for the development of resistance. They identified 569 resistance organisms out of 1959 isolates. Among them methicillin-resistant Staphylococcus aureus (MRSA), carbapenem-resistant Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas aeruginosa and multi-drug-resistant Candida auris were the prominent (kariyawasam et al., 2022). Waddington et al., (2022) suggests that the insufficient knowledge on the interaction between the AMGs, MGEs and the pathogen along with their role played in living organisms and environment has also made the situation complex. AMR also spread via the scanty acquisition of water, sanitation and hygiene (walsh et al., 2023). The international travel and animal-food trade has progressively increased the risk of AMR spread. Countries along with World Trade organization (WTO) has put up various strategies including framing an import restriction and global standards in the employment of sanitary as well as phytosanitary measures in order to keep a check on the AMR (Acar et al., 2001).

ANTIMICROBIAL RESISTANT GENES (ARGs)
Table 1: informations regarding the antimicrobial resistant genes NDM-1, KPC and OXA 48 
	 ORGANISM AND PLACE 
	GENE 
	ENZYME AND CLASS 
	RESISTANCE MECHANISM 
	REFERENCE 

	
Klebsiella pneumoniae
New Delhi
	NDM-1
New Delhi Metallo-β-lactamase
	Metallo- β-lactamase, Ambler class B1 broad spectrum
	Encode for protein that attack the carbonyl group of β-lactam ring of antibiotics and render them inactive by the activation of a water molecule with the help of divalent zinc ion
	Nordmann et al., 2011

	
	
	
	
	Wang et al., 2021

	
	
	
	
	Yong et al., 2009

	
Klebsiella pneumoniae
North Carolina, USA
	KPC
Klebsiella pneumoniae carbapenamase
	Klebsiella pneumoniae carbapenamase
Serine β-lactamase,
Class A β-lactamase 
	Inactivation of antibiotics by the 
hydrolyses of β-lactam ring through a serine based catalytic mechanism thereby preventing the active site binding 
	Bassetti et al.,2018

	
	
	
	
	Yigit et al., 2001

	
	
	
	
	Queenan et al., 2007

	
Klebsiella pneumoniae
Istanbul, Turkey
	OXA 48
Oxacillinase-48 
	Oxacillinase-48,
Ambler Class D beta-lactamases
	Act by hydrolysing the β-lactam ring of carbapenems
	Poirel et al., 2012

	
	
	
	
	Nordmann et al, 2009





SOME OTHER REPORTED AMR GENES
Table 2:  informations regarding the antimicrobial resistant genes reported from India 
	ORGANISM AND PLACE 
	GENE 
	ENZYME AND CLASS 
	RESISTANCE MECHANISM 
	REFERENCE 

	Pseudomonas aeruginosa
Mumbai
	IMP
Imipenamase 
	IMP-type Metallo-β-lactamase
Amber class B enzyme 
	β-lactam ring hydrolysis (zinc dependent)
	Gupta V.et al., 2006

	Pseudomonas aeruginosa and Acinetobacter baumannii
Chennai
	VIM 
Verona Integron-encoded Metallo-β-lactamase
	VIM-2, VIM-6
Class B Metallo-β-lactamase
	Hydrolyse carbapenem, penicillin, cephalosporin 
(Zinc dependent)
	Uma Sekar et al., 2005

	Escherichia coli and Klebsiella pneumoniae
New Delhi
	CTX-M Cefotaximase-Munich
	CTX-M-15
Class A extended-spectrum beta-lactamases
	Hydrolyzes extended-spectrum cephalosporins
	Hawkey et al., 2003

	Klebsiella pneumoniae
New Delhi

	SHV 
Sulfhydryl variable beta-lactamases
	SHV-12, SHV-2a, etc
Class A ESBLs
	Hydrolyzes cephalosporins
	Rodrigues et al., 2004

	Escherichia coli, Klebsiella pneumoniae
Pune, Mumbai
	TEM 
Temoneira beta-lactamases
	TEM-1, TEM-3, etc.
Class A beta-lactamases
	Hydrolyzes penicillins and first-generation cephalosporins
	Jain et al., 2003





Table 3: informations regarding the antimicrobial resistant genes reported from other parts of the world 
	ORGANISM AND PLACE 
	GENE 
	ENZYME AND CLASS 
	RESISTANCE MECHANISM 
	REFERENCE 

	
Klebsiella pneumoniae
French Guiana
	GES 
Guiana Extended-Spectrum Beta-lactamases
	GES-1, GES-2, GES-5, etc.
Class A beta-lactamases
	Hydrolyze ES cephalosporins
	Poirel et al., 2000

	Acinetobacter baumannii
Scotland
	OXA-23
Oxacillinase-23
	OXA-23
Class D carbapenemase
	Hydrolyzes carbapenems
	Paton et al., 1993

	Acinetobacter baumannii
France
	OXA-58

	OXA-58
Class D carbapenemase
	Hydrolyzes carbapenems
	Poirel et al., 2005

	Escherichia coli
China
	MCR 
Mobilized Colistin Resistance

	MCR-1, MCR-2, MCR-3, etc.
	Reduce colistin binding 
	Liu et al., 2016

	Pseudomonas aeruginosa
Turkey
	PER Pseudomonas Extended Resistance

	PER-1, PER-2, etc.
Class A ESBL
	Hydrolyze ES cephalosporins
	Nordmann et al., 1993
	
	
	
	
	



AMR MECHANISM
[image: ][image: ]
Figure 1: pictorial representation of antimicrobial resistance mechanism 

EMERGENCE OF MDR Acinetobacter
It is a factor of concern to know the springing up of MDR bacterial strains and their association with various clinical conditions. Manchanda et al., (2010) pointed out that Acinetobacter spp. was resistant to a variety of antibiotics and explained their mechanism of resistance action. It calls for an immediate action through stewardship programmes in order to abate the future escalation. Okpara et al., (1994) has investigated various nosocomial infections caused by Acinetobacter baumannii and concluded its resistance pattern from a study conducted over a year in 87 patients. The Identification of infectious agents were obtained from SICU patients and sputum happened to be the most usual source. These clinical isolates exhibited resistance against cephalosporin, penicillin and quinolones classes of drug whereas they were found to be sensitive to imipenem-cilastatin. In the last decade the A. baumannii has attracted much attention from the research teams due to its real MDR phenotype. Current research focusing on the molecular aspect revealed their adaptability to extreme environments that is attributed to the plasticity of the genome, which is exceptional. Since they exhibit resistance to Carbapenam which is considered as a last expedient, it makes the infection difficult to treat. This questions the effectiveness of drugs and limit treatment options (Kempf et al., 2012).  Rolain et al in 2016, explored molecular techniques to study the carbapenemase in A.baumannii using 48 isolates from the Hamad Medical Corporation. They identified the isolates using Matrix assisted laser desorption and tested for antibiotic resistance with the help of phoenix and Test. The results show that A.Baumannii were resistant to most of the beta lactams.

GLOBAL IMPACT OF AMR ON PUBLIC HEALTH 
AMR results in great financial loss as it imposes huge health costs, less recovery and longer hospitalization. It compromises the immune responses and lowers the productivity in both plants and animals (Dadgostar Porooshat., 2019). Due to the AMR’s contribution in worsening the infection, elevating the hospital stays and lack of response to medicines, it leads to the collapsing of the sustainable development goals (SDGs). This stresses the need for a global action in order to tackle down this problem and to achieve the objectives in a wholesome manner. The detrimental impacts of AMR most specifically affect the underprivileged populations of a country driving them more to  extreme insufficiencies. Additionally, the climate change is a note worthy donor of AMR thereby increasing the risk in food production, affecting the means of support for the farmers. All these implications call out for a collaborative effort from stakeholders and government in addressing the challenges (Aslam et al.,2024). According to Salam et al., 2023 one of the most striking and useful findings of the 20th century was the advent of antibiotics. They refer to it as magic bullets that salvaged people from various infectious diseases that otherwise would have brought about death. But the exploitation and misapplication of antimicrobials created a selection pressure in the microbes thereby aided them in developing resistance against drugs. Consequently, a situation that required timely intervention. The resistance questions the accuracy of treatment measures. Hence development of new specific drugs is required to untangle the crisis of AMR.

 MOLECULAR SCREENING TECHNIQUES
The traditional antimicrobials sensitivity tests were helpful in gathering phenotypic results. But when these results are prolonged, indecisive and unreachable molecular screening is done to study the presence or absence of a specific gene. Thus help the medical professionals to timely administer the treatment (Anjum et al., 2018). The conventional methods that were used to screen the AMR, includes the plating of samples in a nonselective media or an antibiotic selective agar plate in order to calculate the Minimum Inhibitory Concentration (MIC). Being a highly time-consuming technique, it was later substituted by an automated system, Vitek 2 that give higher outputs in large hospitals that involves a large number of samples (Anjum Muna F., 2015). As per the study conducted by Franklin et al., 2021 the dissemination of AMR occurs by the means of water as industrial effluent, agricultural runoff, recreational activities etc. is a major concern. Traditionally, culture-based techniques were used in the supervision of AMR in water quality assessment. Since it involves limitations such as difficulties in isolating bacteria from the environment and requires former data regarding the organism, later came the molecular method involving High Throughput real-time polymerase chain reaction (HT qPCR), metagenomics and whole genome sequencing. All of these studies have its own advantages and disadvantages hence calls for a combination of culture based and molecular techniques as per the one health frame of mind.
Delannoy et al., 2022 executed studies on gram negative seafood bacteria. As marine environment is considered as potential reservoir of AMR genes, they analysed seafood isolates such as cod, shrimp, mackerel etc. and obtained strA, strB, dfrA in Pseudomonas spp., Klebsiella spp. etc. and concluded that the occurrence of AMR and the genes reduces as the distance from a contamination source increases. The correlation between the AMR genotype and phenotype is used for the attestation of AMR finder tool which was developed by the National Centre for Biotechnology Information (NCBI) in order to identify the AMR genes. Their corresponding databases are also available. The outputs and precision of the tool can be determined by comparing it with the antecedent version Resfinder which was developed in 2017. Feldgarden et al., 2019 suggests that both these tools have algorithmic variation and the AMR finder tool is more accurate.
A study was carried out by kasuga et al., 2022 in exposing the AMR genes in the urban rivers of Japan. Since many countries lack an environment monitoring system, they utilised the presence of class 1 integrons that carry specific AMR genes as the indicator utilising the HT-qPCR. It was observed that 9-53 target genes (bla GES-24, aadA2, and qacH were the prominent ones) were obtained from 24 river samples across Tokyo. Gram negative bacteria have been known to cause many blood diseases. Hence, pre-emptive identification of resistant organisms is vital in the management of health requirements. Angelis et al., study focuses on evaluating the veracity of the test systems that are available in the market. VerigeneR and FilmArray are used to detect gram negative bacterias from positive blood samples (GNB-PCB). They concluded that the FilmArray can detect only KPC whereas VerigeneR can detect KPC, NDM, OXA etc.
Card et al, 2014 aimed to study the AMR in microorganisms that are occurring in the saliva and faeces of individuals. They did two non-culture-based analyses out of the 5 samples collected from volunteer healthy individuals. Using microarray, they obtained 14 genes out of which erm(B), blaTEM, and sul2 were the prominent ones that were resistant to antibiotics such as beta-lactams, tetracyclines, trimethoprim etc. Nobrega et al., 2021 tried to characterize AMR pattern in Klebsiella pneumoniae. Isolations were made from intramammary infection, faeces, hindlimb etc. group of cows from four major states of Brazil were the investigatory organisms. Disk-diffusion assays were used to do the AMR profiling. Resistance was generally observed against tetracycline, streptomycin and sulfamethoxazole-trimethoprim. The conclusions were made available as, the isolations from intramammary infections showed greater resistance rate compared to that from the faeces. Whereas there is no observable difference in the rate when considering the hindlimb and intramammary infections. tetA, sul2, and floR were the genes that exhibited greater rate of resistance towards the earlier mentioned antibiotics. In an attempt made by medugu et al., in 2022 to define the molecular characteristics of the MDR Escherichia coli in a sample (mainly urine, blood culture, cerebrospinal fluid) collected from a tertiary hospital in Abuja, Nigeria. The study showcased that the E. coli was resistant against the normally used antibiotics such as ampicillin, gentamicin, ceftriaxone etc.

FUTURE DIRECTIONS 
European Association of Hospital Pharmacists (EAHP), emphasizes the need to develop wise and cautious use of antibiotics through the Antibiotic Stewardship to make sure the treatment is efficient. The association demands to make use of the knowledge and experience of the pharmacist and an increased funding that can improve research and develop control measures in a cost-effective manner. Proper implementations in the local and global level can help solve the crisis to a great extent (Amann et al., 2019). The development of new approaches to overcome the AMR such as discovery of an entirely new drug or by enhancing the efficacy of exciting drugs. These can be achieved by the application of nanotechnology, bacteriophage therapy etc. The evolutionary advantage of AMR in developing MDR is a major concern in the field (Chew-Li et al., 2020)


MATERIALS AND METHOD

The clinical isolates of A.baumannii and A.junii were already made available in the VETA Genomics private limited, research laboratory situated in Pallimoola,  Thrissur district of Kerala.

1.SUBCULTURING OF Acinetobacter 
Table 4: informations regarding the subculture of A.baumannii and A.junii
	Date of subculture
	20 May 2024

	Medium used 
	Nutrient agar 

	Incubation condition 
	Aerobic, 37°C, 24 hours

	Method
	Quadrant streak plate



By transferring a small fraction of source material to a fresh growth media, this technique helps to maintain the bacterial culture by preventing death due to nutrients exhaustion and for the performance of subsequent experiment. The original clinical isolates of Acinetobacter Spp. were used for the purpose. Primarily, the medium is prepared by melting 28 grams of agar in 1000 millilitres of distilled water. Media was subjected to autoclave at 15 lbs pressure, 121°c for 15 minutes. Later on, carefully transferred into a petri dish and solidified which is followed by UV exposure to prevent contamination. A loopful of microorganisms were streaked across the media in quadrants and left for incubation.

2.GRAM’S STAINING 
Table 5: informations regarding the gram staining 
	Date of Gram staining 
	23 May 2024

	Kit used
	HIMEDIA’s gram staining kit

	Magnification 
	100x magnification


	Microscope used 
	i LABS 40-1000x Binocular Co-Axial Research Microscope



For the preliminary identification and characterisation of bacteria, a differential staining technique called gram’s staining was used. It helps one to distinguish the species of bacteria on the basis of their cell wall differences. The method utilised staining kit that contained two different dyes (crystal violet and safranin), gram’s iodine and decolouriser. A loopful of bacteria was transferred into a clean glass slide, heat fixed and stained using crystal violet. It was rinsed off following the exposure time of 1 minute. The process is then repeated using gram’s iodine, decolourising agent and counterstain. The slide is finally rinsed and dried followed by observation under microscope. The microscopic view revealed the cell wall characteristics that accounts for the morphology and pathogenicity of the organisms.

3.ANTIBIOTICS SENSITIVITY TEST (AST)
Table 6: informations regarding the antibiotics sensitivity test 
	Date of AST
	24 May 2024

	Method used 
	Kirby-Bauer disk diffusion

	Medium used 
	Mueller-Hinton agar

	Incubation condition 
	Aerobic, 37°C, 24 hours 



AST was conducted in order to determine the resistance of A.baumanni  and A.junii to different classes of antibiotics. Mueller-Hinton agar was prepared for this test by melting 38 g of MH agar in 1000 ml of water. This was left to set and sterilized. Later, the media was embedded carefully with various classes of antibiotic discs without puncturing the media. The plate was properly labelled and incubated. After the incubation period, those disk that have developed clear zone (zone of inhibition) around them are subjected to measurement and interpretation using the CLSI guidelines.
Table 7:  order of antibiotics disks that were used to diffuse the culture media
	Penicillin Antibiotics 
	Cephalosporin Antibiotics 
	Carbapenam Antibiotics 
	Fluroquinone Antibiotics 

	1.Penicillin G
	4.Cefuroxime
	10.Imipenem
	11.Ciprofloxacin 

	2.Oxacillin
	5.Cefoxitin
	
	12.Levofloxacin

	3.Amoxicillin 
	6.Ceftazidime
	
	13.Ofloxacin 

	
	7.cefixime
	
	

	
	8.Ceftriaxone
	
	

	
	9.Cefepime
	
	



4.PRIMER DESIGNING 
Primers are important tools in molecular biological studies. They are required for amplification of respective genes. Forward and reverse primers were designed. The tool primer-BLAST obtained following the integration of primer3 program and Basic Local Alignment Search Tool (BLAST) was utilized to find specific primers. From the list that appeared after the entry of the desired gene (e.g.- NDM-1) to the NCBI website, the selection of organisms of interest was made. Its FASTA format was obtained, copied and pasted to the Primer-BLAST. Requirements such as PCR product size and databases were adjusted and went for the ‘get primer’ option. The evaluation of the potential primer was made possible with the help of primer Stat's PCR suitability tests. The primer pairs that satisfied required conditions (passed) were selected for synthesis.

5.PRIMER SYNTHESIS
The designed primers pairs targeting the regions blaNDM, blaKPC and blaOXA genes specifically were then outsourced and the synthesised primers were obtained from the Sigma Aldrich's company.

6.DNA ISOLATION   
Table 8: informations regarding the DNA isolation 
	Date of DNA isolation 
	17 and 18 May 2024

	Kit used
	Xploregen 

	Method used
	Silica column 

	Steps involved 
	lysis, precipitation, purification and elution



For the extraction of DNA from A.baumannii and A.junii, bacterial genomic DNA (gdna) extraction kit was used. The kit consisted of 7 different buffers (XBA 1, XBA 2, XBA 3, XBA 4, XBA 5, XBA 6 and XBA 7). A physical method was utilized for the purpose. The process began with the lyse opening of the cell membrane to release its contents. It was made possible with the addition of 1mL lysis buffer (XBA 1) into a beaded vial that contained the swab of bacterial culture. Horizontally vortexed the content for 10 mins and further lysis was carried out by 300 µL XBA 2 succeeded by centrifugation at 10,000 RPM for 2 mins. 950 µL of supernatant was transferred from this to a sterile vial of 2 ml volume. The unwanted cellular debris, proteins, and lipids were removed by the introduction of a 200 µL precipitation buffer (XBA 3) and left to centrifuge for 2 mins at 10,000 RPM. From this, 800 µL of supernatant was transferred into a new vial and mixed with 700 µL binding buffer (XBA 4). The contents were then centrifuged at 10,000 RPM for 2 mins. Later it was processed through the spin column and sequential washing was done using a 600 µL washing buffer (XBA 5 and XBA 6). The flow-through was discarded after centrifugation. Subsequent to the incubation with 30 µL elution buffer (XBA 7), the DNA was eluted out. The concentration of extracted DNA was quantified using an Invitrogen’s Qubit 4 fluorometer.

7.POLYMERASE CHAIN REACTION
PCR is an in-vitro technique used to amplify specific regions of DNA which is widely utilised in research, diagnostic and forensic analysis. It works on the basic principle of replicating DNA enzymatically by denaturation, annealing and extension. Gradient PCR was employed for particularly amplifying genes- KPC, OXA-48, NDM-1, which act as a molecular marker in case of resistant species of microorganisms. Reaction mixture was prepared by combining required volumes of components in a vial. The tube was spun for a few seconds in order to recover the sample lost to the walls of the vials. All the elements required for PCR was fed necessarily followed by accurate programme setting was done.

Table 9: composition of reaction mixture
	COMPONENTS 
	VOLUME 

	Nuclease free water
	9.5 µL

	Forward primer 
	1 µL

	Reverse primer 
	1 µL

	DNA
	1 µL

	Master mix
	12.5 µL

	TOTAL VOLUME
	25 µL




Table 10:  PCR requirements
	Template 
	Isolated DNA from A.baumannii and A.junii

	Primer
	NDM-1
· Fp: GCATTAGCCGCTGCATTGAT
 Rp: GTAGTGCTCAGTGTCGGCAT
KPC
· Fp: CGGTGTGTACGCGATGGATA
  Rp: AGACGGCCAACACAATAGGT
OXA 48 
· Fp: GAATGCCTGCGGTAGCAAAG
         Rp: AAACCATCCGATGTGGGCAT


	DNA polymerase, dNTPS, buffer, co-factor
	Carmine kit



Table 11:  PCR programing 
	Initial denaturation 
	95°C, 2 mins

	Denaturation 
	95°C, 20 secs, 35 Cycles 

	Annealing 
	Gradient PCR 
KPC - 52°C
OXA 48 - 53°C
NDM 1 -  55°C
 40 secs, 35 Cycles 

	Extension 
	72°C, 1 min, 35 Cycles 

	Final extension 
	72°C, 5 mins




8.AGAROSE GEL ELECTROPHORESIS 
Agarose gel electrophoresis is a widely used and effective separation technique that works on the principle that the DNA being negatively charged migrates towards positively charged anode under the influence of the electrical field. The minute pores on the gel act as channel enabling the migration. It acts as a powerful analysis techniques of PCR product that enabled to understand the presence and absence of desired DNA fragments by the formation of bands corresponding to the ladder that we have incorporated. Agarose obtained from the seaweeds were used to prepare gel. 2% gel concentration was prepared by dissolving 2 g of agarose in 100 ml Tris-EDTA buffer. The solution was poured carefully into a gel casting tray. A comb was introduced and the gel was left undisturbed to set. Required materials were loaded into these wells. 3µL of SYBRsafe dye was mixed with 5 µL of 100 bp ladder was loaded into the first well. This was made particularly for the reference purpose. The remaining wells were loaded with dye and positive controls for each marker genes and the obtained PCR products alternatively. Followed by the gel loading, the power supply was plugged in. This ensured the current flow through the system and was turned off when the bands reached up to ¾ the length of the gel. The results were observed under UV transilluminator.

Table 12: order of  gel loading 
	1
	2
	3
	4
	5
	6
	7

	Dye
+
Ladder
	Dye
+
positive control for NDM-1
	Dye
+
PCR product of NDM-1
	Dye
+
positive control for 
KPC

	Dye
+
PCR 
product of KPC

	Dye
+
positive control for 
OXA 48

	Dye
+
PCR 
product of 
OXA 48
















RESULTS 

1.SUBCULTURING OF ACINETOBACTER 
Pure culture without any contamination was obtained which mark the success of subculturing. The colonies appeared Creamy, opaque, and slightly sticky in nature.
[image: ]
 Figure 2 (a) and (b): subcultured colonies of  A.baumannii  and A.junii                
             
2.GRAM’S STAINING 
The cells appeared uniformly reddish pink in colour under the 100x magnification. This explains the presence of gram-Negative bacterial colonies. The colony appeared as individual or paired coccobacilli in shape without any irregularities or contamination suggesting the absence of gram-positive cells in the sample. The absence of flagellar structure explains the non-motile nature of bacteria. Fainting in pink colour is also visible which account for the presence of thick capsule that give the bacteria it's virulence.


[image: ]
Figure 3 (a): gram stained slides of A.baumannii and A.junii

[image: ]
 Figure 3 (b) & (c):  microscopic view of gram stained A.baumannii and A.junii colonies

3.ANTIBIOTICS SENSITIVITY TEST
No clear zone of inhibition were formed around the antibiotics disk diffused in the media. This suggests that the Acinetobacter spp. that were taken as the organisms of interest is resistant against the antibiotics that we have provided. Since, the organism is resistant against all the disks, it is considered as multidrug resistant.
[image: ]
Figure 4 (a) and (b):  Multidrug resistant nature of A.baumannii and A.junii

4. PRIMER DESIGNING 
Three pairs of primers (including forward and reverse primer) were designed specifically in total for the AMR genes NDM-1, KPC and OXA-48. 

    [image: ][image: ]
Figure 5 (a) & (b):  primer- BLAST and primer Stats result while designing the primer of NDM-1 gene
Target gene - NDM-1
Product length - 642
Table 13: showing the primer designing results of NDM-1
	PRIMER NAME 
	FORWARD PRIMER 
	REVERSE PRIMER 

	Primer sequence
(5’ to 3’)
	GCATTAGCCGCTGCATTGAT
	GTAGTGCTCAGTGTCGGCAT

	Primer length
	20 nucleotides
	20 nucleotides

	GC content 
	50%
	55%

	Melting temperature (™)
	59.69
	60.11



Table 14: PCR suitability test results (pass/warning)
	PARTICULARS
	FORWARD PRIMER 
	REVERSE PRIMER 

	Single base runs
	Pass
	Pass

	Dinucleotide base runs
	Pass
	Pass

	Length
	Pass
	Pass

	Percent GC
	Pass
	Pass

	Tm
	Warning 
	Warning 

	GC clamp
	Pass
	Pass

	Self annealing 
	Pass
	Pass

	Hairpin formation 
	Pass
	Pass









         [image: ] [image: ]                                                                                      Figure 6 (a) & (b):  primer Stats and primer -BLAST result in designing the primer of OXA-48 gene

Target gene - OXA-48
Product length – 691
Table  15: primer designing results of OXA 48
	PRIMER NAME 
	FORWARD PRIMER 
	REVERSE PRIMER 

	Primer sequence
(5’ to 3’)
	GAATGCCTGCGGTAGCAAAG
	AAACCATCCGATGTGGGCAT

	Primer length
	20 nucleotides
	20 nucleotides

	GC content 
	55%
	50%

	Melting temperature (™)
	59.90
	60.03









Table 16:  PCR suitability test results (pass/warning)
	PARTICULARS
	FORWARD PRIMER 
	REVERSE PRIMER 

	Single base runs
	Pass
	Pass

	Dinucleotide base runs
	Pass
	Pass

	Length
	Pass
	Pass

	Percent GC
	Pass
	Pass

	Tm
	Warning 
	Warning 

	GC clamp
	Pass
	Pass

	Self annealing 
	Pass
	Pass

	Hairpin formation 
	Pass
	Pass




[image: ][image: ]                                                                                            Figure 7 (a) & (b): primer Stats and primer -BLAST result while designing the primer of KPC gene

Target gene - KPC
Product length - 653


Table 17: primer designing results of KPC
	PRIMER NAME 
	FORWARD PRIMER 
	REVERSE PRIMER 

	Primer sequence
(5’ to 3’)
	CGGTGTGTACGCGATGGATA
	AGACGGCCAACACAATAGGT

	Primer length
	20 nucleotides
	20 nucleotides

	GC content 
	55%
	50%

	Melting temperature (™)
	59.97
	59.31



Table 18: PCR suitability test results (pass/warning)
	PARTICULARS
	FORWARD PRIMER 
	REVERSE PRIMER 

	Single base runs
	Pass
	Pass

	Dinucleotide base runs
	Pass
	Pass

	Length
	Pass
	Pass

	Percent GC
	Pass
	Pass

	Tm
	Warning 
	Warning 

	GC clamp
	Pass
	Pass

	Self annealing 
	Pass
	Pass

	Hairpin formation 
	Pass
	Pass



5.DNA ISOLATION 
Initially, DNA appeared as a white thread like precipitate. Later, it got completely dissolved in the elution buffer and became transparent.

Table 19:  isolated DNA concentrations
	Acinetobacter baumannii
	18.1 ng/µL

	Acinetobacter junii
	38.0 ng/µL




[image: ]
Figure 8 (a) and (b)  concentration of isolated DNA from A. Baumannii and A. Junii.

6. AGAROSE GEL ELECTROPHORESIS
Visualization of the PCR product under the UV transilluminator indicates the presence of specific high intensity bands formed corresponding to the ladder. The formed bands account for the presence of respective AMR genes in organism of interest. The bands were formed corresponding to the NDM-1 and KPC in A.baumannii and that of the OXA 48 was absent whereas in A.junii, bands of NDM-1 and OXA 48 were present but the KPC was absent. The formed bands were without any smearing or non-specific banding indicates that there is no degradation and successful amplification was done.

Table 20: band size 
	NDM -1, KPC, OXA 48 
	600-700 bp




[image: ]
Figure 9 (a) and (b) bands formed corresponding to the ladder in A.junii and A.baumanni
















DISCUSSION
The current study aimed to explore the presence of AMR genes in the clinical isolates of Acinetobacter. Various molecular screening techniques were employed to validate the same.
The laboratory-based techniques began with subculturing of Acinetobacter Spp. The results revealed the colony morphology of the Acinetobacter as a Creamy, opaque, and slightly sticky colonies when plated on nutrient agar. Pure culture without any contamination was obtained which made it beneficial for the subsequent analysis. Similar view can we obtained from the study findings of Quinn et al., 2011. Whereas, in the studies conducted by Murray et al., 2020 and Forbes et al., 2007, when Acinetobacter spp. are plated on MacConkey Agar (MAC), the colony appeared pale to colourless being a non-lactose fermenter. In case of the blood agar, the colonies were greyish white and non-haemolytic in nature as there were no clearing around the colonies. Plating done on CHROMagar revealed red to purple colonies as CHROMagar is the selective and differential media used for MDR strains specifically thereby inhibiting the growth of other microorganisms (Gaillot O et al., 2007). While scrutinising the growth over cetrimide agar, it became evident that Acinetobacter never grow on this media as it supports only the growth of Pseudomonas aeruginosa (winn et al., 2006).
From the gram staining of Acinetobacter Spp. Using the HiMedia's Gram staining kit, it is observed that the colonies were pinkish red in colour. The respective colouration is due to its thin peptidoglycan layer in the cell wall making them gram negative. The primary stain, crystal violet gets washed off with the addition of decolouriser and the counterstain safranin is taken by the cell wall. The colonies were coccobacilli (rod to oval) in shape. They either appear as single or in pair (Mahon et al., 2018).  When Giemsa Stain was used, the colonies were light blue to purple, coccobacilli. Their morphology was clearer due to the stain’s ability to colour the nucleus. Even though this stain can indicate the intracellular Acinetobacter in infected cells, they are not routinely employed due to their less practicality in differentiating the gram positive from that of the negative bacteria. The pathogenicity of the Acinetobacter spp. Can be confirmed easily with the help of negative staining using India ink, in which the background is stained whereas the cells remain clear thereby helping us to envisage the capsule of the bacteria that aids them with the virulence (Murray et al., 2020).
The Antibiotics susceptibility test results of A.baumannii and A junii let out the resistance profile of the spp. when the media was diffused with penicillin, cephalosporin, carbapenem and fluroquinone antibiotics disks. These antibiotics belongs to carbapenem antibiotic that comes under the subclass of beta-lactam antibiotics family. The aforementioned antibiotics act against corresponding bacteria by binding to the specific penicillin-binding proteins (PBPs), that are involved in the process of peptidoglycan synthesis in the cell wall. The binding of beta-lactam ring to these PBPs prevent the cell wall synthesis which is an important mechanism for the survival of the organism. But with the advent of resistance mechanism, these organisms no longer respond to the drugs as they can synthesis enzymes that could hydrolyse the ring, rendering the antibiotics ineffective (Wilke MS et al., 2008). Same inference is gathered from the present study too. The spp. of Acinetobacter never developed any clear zone of inhibition indicating their resistance against the classes of antibiotics. Since they exhibit Resistance against all the disk, they are considered as multidrug resistant. According to the studies conducted by Peleg et al., 2008, the A.baumannii exhibit high resistance to penicillin by producing beta-lactamases inactivating them. Whereas, Doi et al., 2015 substantiate that A.baumanni is most frequently resistant to cephalosporin due to the beta-lactamase production and porin mutation thereby restricting the entry of drugs. Although some variation in susceptibility is observed. Gordon and Wareham, 2010 pointed out that carbapenem resistance of A.baumannii is often common and increasing day by day making them Multidrug resistant or extensively drug resistant (XDR) with the production of carbapenamase.Vila and Pachón, 2011, explain that the mutations in the gyrA and parC genes and the subsequent efflux pump have contributed to a reduction in susceptibility leading to their resistance.
The resistance profile of A.junii is slightly different from the A.baumannii. They are cited as the less virulent and less resistant species compared to other species of Acinetobacter. They tend to be more susceptible to penicillin and carbapenam whereas emerged resistance against the cephalosporin and fluroquinone antibiotics mainly due to the absence of the major AMR genes or the production of less carbapenemases (Chen et al., 2014, Nemec et al., 2001, Al Atrouni et al., 2016 and Howard et al., 2012). The variation in the results may attribute to the difference in starin that have selected for the study.
The clinical isolate often contains a tough cell wall that requires actual lysis. The purity and integrity of the DNA depend on the method employed for extracting the same. The isolated DNA samples were quantified using Qubit fluorometer gave the reading as 18.1 ng/µL and 38.0 ng/µL respectively. The concentration can vary depending on their conditions of growth and the method used for extraction but most probably range from 20 ng/µL to 200 ng/µL in clinical isolates. According to Sabrook et al., 2001 it is better to go for the purity of DNA using the ratio A260/A280 for prior contamination check that saves time and resources. Usually, the concentration ~ 1.8 is considered pure which suites the best for PCR reaction to carry out. This DNA was later employed as the template strand in the downstream PCR reaction inorder for the amplification of target region. Along with it the primers were designed in such a way that they are highly specific to the carbapenemase genes such as NDM-1, KPC and OXA-48. The conserved region of these genes is taken as the basis. The efficiency of primers was tested using in silico analysis. The absence of secondary structures such as hairpin and primer dimers enabled the downstream reactions. 
The amplified PCR product visualization using the agarose gel electrophoresis revealed the appearance of specific high intensity bands of expected size 600-700 bp depending on the designed primer. The formed band confirms the presence of the resistant genes in the species. The A.baumannii  had band formed corresponding to the NDM-1 and KPC specific primers whereas in A.junii band appeared only for the NDM-1 and OXA 48. Negative result (absence of band) resistant genes are either absent, expressed slightly or the resistance is due to some other mechanism. As per the studies conducted by Nordmann et al., 2011, the co-existence of all the three bands in A.baumannii indicate that MDR nature where the A.junii  is less resistant compared to A.baumannii. 
The variation in the number of formed bands might be due to their differences in the strain of the bacteria that were taken under consideration for the study.






















CONCLUSION

The present study enables us to gather a critical insight into the prevalence of invisible pandemic of AMR mainly due to the distribution of the carbapenem genes. The study aimed at the development of PCR panel to detect the AMR genes such as NDM-1, KPC and OXA 48 and the validation of the PCR panel was considered a success when evaluating the results obtained. The presence of resistant genes and the subsequent mechanism of resistance exhibited by them were assessed by the correlation of genotypic and phenotypic strategy enabling the early diagnosis, prognosis and in planning the directed treatment profiles. The study also emphasis the need for molecular screening as the increasing resistance is creating huge havoc in the health care sector increasing the morbidity, mortality, increased hospitalization and slower recovery. The massive health cost imposes a huge strain on the economy of the nation. Understanding the resistance pattern and development of panel that enable a cost efficient, less time-consuming method would extremely add advantages over the traditional technique and empirical treatment thereby saving the money, time and labour of health care professionals. The study can be further taken to the next level with the help of whole genome sequencing of Acinetobacter Spp. enabling more precise information gathering regarding the resistance mechanism. Additionally, the researches in the filed of mobile genetic elements such as the plasmids, transposons, integrons pave way for establishing futuristic innovation in the healthcare sector. Alongside the scientific research and studies, stringent government policies and law enforcement must also bring into reality for the smooth adherence with the antibiotics stewardship programme. Limiting the uses of the antibiotics, restricting the use for growth promotion in livestock, strengthen the surveillance, monitoring health and food sectors, increasing community awareness and increasing the government investment in research and innovation for antibiotics are some of the means by which one could reach the one health approach. 
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