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ANTIMICROBIAL RESISTANCEDr. Tapas Kumar Baikar
 Dr. Soumya DeyModerated by : Dr. Vivek Dewan
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OVERVIEW• What is AMR
 • Types
 • Mechanism
 • Evolution of antibotic resistance
 • Why is AMR a global concern
 • Role of resistance in Malaria,TB and HIV-AIDS
 • AMR in Indian scenario
 • Interventions and prevention of AMR
 • Future perspectives
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Definition
 Resistance of a microorganism to an antimicrobial medicine to which it was previously sensitive.
 WHO Factsheet No. 194 (May 2013)
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Types of resistance
 • Natural resistance
 • Acquired resistance • Mutation
 – Single step– Multi step
 • Gene Transfer– Conjugation– Transformation– Transduction
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Natural resistance
 • Some microbes lack the metabolic process or target site affected by particular drug
 Acqiured resistance
 • Development of resistance by an organism due to usage of a drug over a period of time
 • It may be due to Mutation or gene transfer
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Mutation
 • Stable and heritable genetic change that occurs spontaneously and randomly among microbes
 • Mutation may be
 • Single step eg. E coli and Staphylococcus to Rifampin
 • Multi step eg. Resistance to Erythromycin, Tetracycline, Chloramphenicol
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• Gene Transfer
 • Conjugation
 • Through cell to cell contact among microbes
 • Transfer of chromosomal /extra chromosomal DNA
 • Eg :– Chloramphenicol resistance of Typhoid bacilli– Streptomycin resistance of E coli– Penicillin resistance of Hemophilus
 • Important in multi drug resistance of organisms
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• Transduction
 • Transfer of resistance through bacteriophage
 • Important in Staphlococcus aureus
 • Transformation
 • Release of resistance carrying DNA into a medium followed by imbibition by sensitive organism
 • Pneumoccal resistance to Penicillin G
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Resistance once acquired by any of the above mechanisms becomes prevalent due to selection pressure of a widely used AMA
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Mechanisms of Drug Resistance
 • Drug tolerance
 • Drug destruction
 • Drug impermeability
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• Drug tolerance
 • Loss of affinity of the target biomolecule for a particular AMA• Penicillin resistant Pneumococcal strains have altered Penicillin binding
 proteins
 • Acquisition of an altered metabolic pathway• Sulfonamide resistance
 • Drug destruction
 • Enzymatic destruction of drug• Beta lactamase production• Chloramphenicol acetyl transferase
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• Drug impermeability
 • Loss for ‘porin’ channels or specific transport mechanisms• Chloroquine resistant P falciparum
 • Efflux based resistance• Tetracycline resistance
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Common mechanisms of resistance to antimicrobials
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• Cross Resistance
 • Acquisition of resistance to one AMA conferring resistance to another AMA to which the organism has not been exposed
 • Sulfonamide resistance
 • Tetracycline resistance
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Resistance mechanisms of commonly used antibiotics
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Antimalarial Drugs• Chloroquine
 • Mutations causing impaired uptake by parasite vacuole
 • Pyrimethamine and Proguanil• Point mutations of Dihydrofolate reductase
 • Sulfonamides and Sulfones• Mutations of Dihydropteroate synthase
 • Atovaquone and Proguanil • Single mutation on Cytochrome b
 • Mefloquine• Over expression of a gene coding for a pump expelling the
 drug from cells
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Antiretroviral drugs• NRTIs• Reverse transcriptase gene mutations, resulting in increased
 drug discrimination• Mutations to undo drug action inspite of binding correctly
 to reverse transcriptase
 • NNRTIs• Mutations involving amino acids that form the hydropbobic
 pocket of reverse transcriptase
 • Protease Inhibitors• Mutations that change the actual structure of the Protease
 enzyme
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Antitubercular drugsGene loci involved in conferring drug resistance in M tuberculosis
 Drug Gene Role of gene product
 Isoniazid katGinhAahpC
 catalase/peroxidaseenoyl reductase
 alkyl hydroperoxide reductase
 Rifampicin rpoB β-subunit of RNA polymerase
 Pyrazinimide pncA PZase
 Streptomycin rpsLrrs
 gidB
 S12 ribosomal protein16S rRNA
 7-methylguanosine methyltransferase
 Ethambutol embB arabinosyl transferase
 Fluoroquinolones gyrA/gyrB DNA gyrase
 Kanamycin/amikacin rrs 16S rRNA
 Capreomycin/viomycin tlyA rRNA methyltransferase
 Ethionamide inhA enoyl reductase
 p-amino salicylic acid thyA thymidylate synthase A
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Evolution of Antibiotic Resistance
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Why is Anitimicrobial resistance a growing global concern
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• Increases risk of death
 • Hampers control of infectious disease
 • Treatens return to preantibotic era
 • Increases cost of health care
 • Threatens health security and damages trade and economy
 • Jeoparadizes healthcare-gains to society
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Malaria
 • Anti malarial drug resistance has been defined by WHO as :
 • “The ability of a parasite strain to survive and/or multiply despite the administration and absorption of a drug given in doses equal to or higher than those usually recommended but within tolerance of the subject”
 • Modified definition
 • The drug in must “gain access to the parasite or the infected red blood cell for the duration of the time necessary for its normal action”
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• Drug resistance has been documented in : • P. falciparum• P. vivax • P. malariae
 • However multidrug resistance is seen only in P. falciparum• Resistance to more than two operational antimalarial
 compounds of different chemical classes and modes of action
 • Delay / Failure to clear asexual parasitemia leading to gametocytes that transmit the resistant genotype
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Chloroquine Resistant P.vivax
 • Misperception that P. vivax is benign and easily treatable
 • Severe and fatal disease associated with P. Vivax infection
 • Resistance in P. vivax is more serious as hypnozoites will cause relapse of resistant parasites
 • Reported in focal areas of India, Burma, Indonesia, Papua New Guinea, Brazil, Guyana, Colombia and Solomon Islands
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Artemisinin Resistance
 • Artemisinin resistance has been obtained in laboratory models
 • Decreased susceptibility to artesunate has been reported in Western Cambodia
 (N Engl J Med. 2009 Jul 30;361(5):45567)
 • Resistant parasites have mutations in gene coding for a Ca++ ATPase, which forms a putative drug target

Page 30
                        

Effects of antimalarial drug resistance on global malaria control
 Disease burden • Increase in hospital admissions
 • Increasing mortality trends
 • Increasing morbidity like anaemia and low birth weight
 Economic cost• Increase in the global cost of controlling the disease, including the cost of
 new drug development
 • Loss of working days
 • School absence
 Changes to distribution of
 malaria species
 • The proportion of P. falciparum malaria has changed, such as an increase with respect to P. vivax
 Access to high-quality treatment
 • Greater reliance of patients on the unregulated private sector, leading to increasd use of monotherapies or substandard and counterfeit medicines and increased risk for drug resistance
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Distribution of resistance to anti malarials
 Elevated occurrence of chloroquine- or multi-resistant malariaOccurrence of chloroquine-resistant malariaNo Plasmodium falciparum or chloroquine- resistanceNo malaria
 Global report on antimalarial drug efficacy and drug resistance: WHO 2000–2012
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Global report on antimalarial drug efficacy and drug resistance: WHO 2000–2012
 Efficacy of antimalarial drugs against P. falciparum by WHO region and country, expressed as percentage of treatment failure, after a minimum 28-day follow-up
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Tuberculosis
 • Drug resistance mainly emerges as a result of inadequate treatment
 • Resistant TB organisms can spread from person to person in the same way as drug-sensitive ones
 • MDR-TB• Resistance to Isoniazid and Rifampicin
 • XDR-TB • Resistance to isoniazid and rifampicin as well as any
 fluoroquinolone and any of the second–line anti-TB injectable drugs (amikacin, kanamycin or capreomycin)
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• TDR-TB
 • Generic term for strains that are resistant to a wider range of drugs than those classified as XDR-TB
 • Identified in three countries thus far• India, Iran, and Italy.
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• About 3.7% of new TB patients in the world have MDR-TB
 • Levels are much higher in those previously treated – about 20%
 • About 60% of these cases occur in Brazil, China, India, the Russian Federation and South Africa alone (“BRICS” countries)
 • Approximately 9% of MDR-TB cases also have resistance to two other classes of drugs, or extensively drug-resistant TB (XDR TB)
 MDR-TB 2012 Update (WHO)
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Percentage of new TB cases with MDR-TB
 MDR-TB 2012 Update (WHO)
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The prevalence of MDR-TB in new smear positive pulmonary TB (PTB) cases in India is ≤ 3% and 12 to 17% amongst smear positive previously treated PTB cases
 Multi-drug resistant and Extensively drug resistant TB in India : Consensus statement on the problem, prevention, management and control : From the consultative meeting of national experts organized by the TB Research Centre, ICMR, Govt. of India, 2012
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HIV-AIDS
 • Antiretroviral drug resistance is the ability of the virus to withstand the effects of a given antiretroviral drug to prevent its replication.
 • Combined statistics in 20 countries showed an overall transmitted drug resistance rate of 3.7% and acquired drug resistance of 6%.
 • Need for a second line regimen, which is at six times more expensive than first-line treatment.
 WHO HIV Resistance Fact Sheet April 2011
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Other common microbes notorious for antibiotic resistance
 • Gram negative• E coli• Salmonella • N gonorrhoea• Acinetobacter• Pseudomonas aeruginosa• Vibrio cholerae• Klebsiella pneumoniae
 • Gram positive• Staphylococcus aureus• Streptococcus• Enterococcus
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INDIAN DATAS
 A study that collected 45 urine samples each month for one year from the Christian Medical College in Vellore and a rural health clinic found that 42 percent of commensal E. coli from healthy asymptomatic pregnant women were resistant to at least one antibiotic, and 8 percent were resistant to ampicillin, co-trimoxazole, and nalidixic acid. Resistance rates were similar at the two sites. Strains causing infection were more likely to be antibiotic resistant than strains that were commensal
 Mathai et al. 2008
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Of 93 children admitted to a hospital in New Delhi with typhoid fever and positive blood culture for S. typhi, 67 percent had multidrug resistant typhoid fever. Sensitivity was below 35 percent for ampicillin,cotrimoxazole, chloramphenicol and amoxicillin and less than 80 percent for norfloxacin, ciprofloxacin and cefotaxime. Sensitivity was greater than 90 percent for amikacin, gentamicin, ofloxacin and ceftriaxone.
 Kumar et al. 2007

Page 43
                        

A study at St. John’s Medical College and Hospital in Bangalore tested 150 Acinetobacter isolates from clinical samples collected between March 2003 and March 2004. Most were resistant to antibiotics, including third generation cephalosporins but sensitive to carbapenems and cefoperazone-sulbactam. Extended-spectrum β-lactamases (ESBL) were detected in 28 percent of isolates and 36 percent of isolates were resistant to ciprofloxacin
 Sinha et al. 2007
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A large study of 10,835 patients in seven hospitals in Indian cities, between 2004 and 2007, found that 27 percent of 476 hospital-acquired infections were caused by Pseudomonas spp. 29 percent were resistant to ciprofloxacin 65 percent were resistant to ceftazidime, 42 percent to imipenem 43 percent to piperacillin-tazobactam
 Mehta et al. 2007
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Of 549 S. aureus strains from the Institute of Medical Sciences at Banaras Hindu University, 55 percent were MRSA. More than 80 percent of MRSA strains were
 resistant to penicillin, co-trimoxazole, ciprofloxacin, gentamicin, erythromycin, and tetracycline,
 All were susceptible to vancomycin Anupurba et al. 2003
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New Delhi Metallo• New Delhi Metallo-beta-lactamase-1 (NDM-1)
 • Enzyme that makes bacteria resistant to a broad range of beta-lactam antibiotics
 • Includes Carbapenems, a mainstay for the treatment of antibiotic-resistant bacterial infections
 • First detected in a Klebsiella pneumoniae isolate from a Swedish patient of Indian origin in 2008
 • It was later detected in India, Pakistan, the United Kingdom, the United States, Canada and Japan
 • Most common bacteria responsible for this are Escherichia coli and Klebsiella pneumoniae
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Causes of antibiotic resistance in India
 • Over use of antimicrobial medicines
 • Weak or absent antibiotic resistance surveillance and monitoring systems
 • Lack of comprehensive and co-ordinated response
 • Inadequate systems to ensure quality and uninterrupted supply of medicines
 • Poor infection prevention and control practices
 • Insufficient diagnostic, therapeutic and prevention tools
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Antibiotic overuse :
 • The public’s lack of knowledge about the (in)appropriate use of antibiotics
 • Lack of microbiology facilities
 • Doctors prescribing antibiotics to any patients with a fever, taking it as a sign of bacterial infection
 • Patient expectations
 • Desire of pharmacists and some doctors to make a profit from drug sales
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The Percentage of Patients Receiving Antibiotics in 35 Studies
 Of the three studies from India in the graph, two show normal rates, compared to other developing countries, and one shows the third-highest rate of any of the 35 studies shown here.
 Source: WHO (2004).
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Poor Surveillance
 • Surveillance for antibiotic resistance is a low priority in our country
 • Evidence of high and increasing resistance levels is sparse and generally biased because samples are tested only when patients fail to respond to common treatments
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Interventions and Prevention of Antimicrobial Resistance
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The main approaches that are applicable in India and other resource poor countries are:
 • Increased use of vaccines to reduce disease and demand for antibiotics
 • Improved infection control
 • Education and public awareness campaigns for providers and consumers
 • Establishment of Standard treatment guidelines
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Additional approaches include
 • Increasing the use of good-quality diagnostics
 • Addressing the need to improve the quality of drugs in the market
 • Access to trained prescribers and dispensers
 • Using economic incentives like subsidies to encourage better use of antibiotics
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• Important vaccines that can contribute to reduction of antibiotic resistance
 • Vaccines against
 • S pneumoniae• H influenzae• Rotavirus• Typhoid • Inflenza
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• Infection control measures• Hand washing• Isolation rooms• Use of gloves and gowns
 • Educational interventions• Educating pharmacists• Educating physicians
 • Establishment of standard treatment guidelines
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Steps taken by WHO to counter antimicrobial resistance
 • Fostering co- ordinated action by all stakeholders
 • Creating policy guidance, support for surveillance, technical assistance, knowledge generation and partnerships
 • Fostering innovation, research and development
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Prevention of resistance to Antimalarials
 • Use of combination therapy
 • Artemisinin derivatives are particularly effective in combinations with other antimalarials because of their very high killing rates, lack of adverse effects and absence of significant resistance
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The Global Response to MDR TB and XDR TB
 • In 2009, a World Health Assembly resolution urged WHO Member States "to achieve universal access to diagnosis and treatment of MDR-TB and XDR-TB"
 • The Stop TB Partnership Global Plan estimates that between 2011 and 2015 about one million MDR-TB patients will need to be detected and placed on treatment
 • This Plan also aims that by 2015 at least 75% of MDR-TB patients will be treated successfully
 MDR-TB 2012 Update (WHO)
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MDR-TB 2012 Update (WHO)
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Steps taken by WHO doing to control HIV drug resistance :• In 2004, WHO developed a Global Strategy for the
 Prevention and Assessment of HIV Drug Resistance, aiming to• Inform the selection of first- and second-line regimens for ART,
 as well as antiretroviral drugs for PMTCT, at population level• Support national HIV programmes in minimizing the
 emergence and transmission of HIV drug resistance
 • Establishment of the HIVResNet, a network of over 50 institutions, laboratories and experts, to support capacity building, surveillance and data analysis
 WHO HIV Resistance Fact Sheet April 2011
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• Providing countries with "Early Warning Indicators" guidance and tools − a set of indicators to monitor the functioning of ART sites and minimize the emergence of drug resistance, using information collected routinely from medical and pharmacy records
 WHO HIV Resistance Fact Sheet April 2011
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Future Perspectives
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• Need for more large meta-analytic studies on antibiotic resistance in India, as well as national standards for susceptibility testing
 • GARP (Global Antibiotic Resistance Partnership)-India and the National Working Group have endorsed and are supporting a number of research activities designed to fill key information gaps
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• It seeks to measure the use of all types of antibiotics by • type of antibiotic dispensed
 • time period of antibiotic use
 • type of pharmacy
 • characterizing the relationship between prescriptions and antibiotics dispensed
 • by characterizing the concordance between the prescription and the acquired antibiotics
 • by comparing antibiotics prescribed and acquired to local treatment guidelines
 • by describing the demographics of people purchasing antibiotics

Page 71
                        

• Central objective of these studies is to derive critical information necessary to for intervention approaches aimed at containing resistance
 • Data on antibiotic prices, profitability to the supplier and affordability to the patient coupled with information on the volumes of antibiotics stocked at various points of sale, will assist in evaluating economic incentives or disincentives related to antibiotic demand
 Global Antibiotic Resistance Partnership : Situation Analysis : Antibiotic Use and Resistance in India, March 2011
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