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Introduction 
AMR (Antimicrobial Resistance) occurs when bacteria, viruses, fungi and parasites change over time and 
no longer respond to medicines, making it harder to treat infections and increasing the risk of disease 
spread, severe illness and death.  

Microorganisms that develop resistance to antimicrobials are sometimes referred to as “superbugs”.  

Antimicrobial resistance (AMR) is a global development threat. It requires urgent multisectoral action to 
achieve the Sustainable Development Goals (SDGs). WHO has declared that AMR is one of the top 10 global 
public health threats facing humanity. Misuse and overuse of antimicrobials are the main drivers in the 
development of drug-resistant pathogens. In 2019, a new AMR indicator was included in the SDG 
monitoring framework. Antimicrobial resistance threatens the very core of modern medicine. Without 
effective antimicrobials, the success of modern medicine in treating infections, including during major 
surgery and cancer chemotherapy, would be at increased risk. 

The rising prevalence of antimicrobial resistance (AMR) is a threat to public health globally, as recognized 
by WHO Member States in World Health Assembly resolution WHA68.7. In particular, novel emerging AMR 
mechanisms and multidrug-resistant (MDR) pathogens threaten treatment of microbial infections. 

It is estimated that infections due to AMR will have an indirect economic cost of US$ 1–3.4 trillion in terms 
of morbidity, disability, premature deaths and reduced effective labour by 2030 if action is not taken to 
counter the rise of AMR. In addition, AMR has been recognized as a threat to attainment of the Sustainable 
Development Goals (SDGs). A reduction in the frequency of bloodstream infections due to methicillin-
resistant Staphylococcus aureus (MRSA) and Escherichia coli resistant to third-generation cephalosporins 
has been proposed as an indicator of progress towards SDG 3, “Ensure healthy lives and promote well-
being for all at all ages”. Moreover, AMR infections in livestock endanger sustainable food production and 
food security (SDG 2: Zero hunger, and SDG 8: Decent work and economic growth). Data on antimicrobial-
resistant pathogens are essential to inform public health policy and to monitor the effectiveness of 
interventions.  

Key Factors for development and spread of antibiotics resistance are: 
A. Antibiotics use and other factors in the community 
  Inappropriate prescription  
  Self medication among the general population  
  Increasing number of elderly and immunocompromised persons  

B. Antibiotic use in food producing animals in agriculture  
 Use in food producing animals for growth promotion and mass prophylaxis  
 Use of antibiotics in crops to prevent blight  

C. Presence of resistance bacterial in environment  
 Use of organic fertilizers and contaminated waters in soils  
 Release of large of amount of antibiotics in wastewater and selective increase of antibiotics 

resistance bacteria in waste water treatment plants  
D. Antibiotics use and other factors in hospitals  
 Widespread and prolonged use of antimicrobials for therapy or prophylaxis  
 Invasive surgical procedures and invasive medical devices  
 3. Increasing number of elderly and immunocompromised patients  

 

Alert to this crisis, the May 2015 World Health Assembly adopted a global action plan on antimicrobial 
resistance, which outlines five objectives:   

 to improve awareness and understanding of antimicrobial resistance through effective 
communication, education and training; 

 to strengthen the knowledge and evidence base through surveillance and research; 
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 to reduce the incidence of infection through effective sanitation, hygiene and infection 
prevention measures; 

 to optimize the use of antimicrobial medicines in human and animal health;  
 to develop the economic case for sustainable investment that takes account of the needs of all 

countries and to increase investment in new medicines, diagnostic tools, vaccines and other 
interventions. 

Ref: https://www.who.int 

WHO Initiatives for combating AMR 

 

Global trends of AMR 
Present situation as per Global Antimicrobial Resistance and Use Surveillance 
System (GLASS): Response 2020 
 More than 3 million laboratory confirmed with AMR in 2020 on Global Antimicrobial Resistance 

and Use Surveillance System (GLASS). 
 107 out of 109 countries reported AMR in clinical samples  
 High numbers of bloodstream infections caused by E. coli and by Staphylococcus aureus (MRSA) 

with resistance to third generation cephalosporins 
 Resistance is higher in low and middle-income countries (LMICs) than in richer countries.   
 High levels of resistance to last-resort antibiotics such as carbapenems were reported for 

bloodstream infections caused by common hospital pathogens such as Acinetobacter spp. and 
enterobacteria. 

 High proportion of resistance to commonly used antibiotic treatments for urinary tract infections 
and for gonorrhoea. 

A. Tripartite (WHO, FAO and OIE) 
Joint Secretariat on Antimicrobial 

Resistance

B. World Antimicrobial Awareness 
Week (WAAW) - 18 to 24 Nov. 

C. The Global Antimicrobial 
Resistance and Use Surveillance 

System (GLASS)

D. Global Research and 
Development priority setting for 

AMR and Global Antibiotic 
Research and Development 

Partnership (GARDP)

Global Action Plan 
on Antimicrobial 
Resistance (GAP)
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Resistance in bacteria 
Antibiotic resistance is present in every country. Patients with infections caused by drug-resistant bacteria 
are at increased risk of worse clinical outcomes and death, and consume more health care resources than 
patients infected with nonresistant strains of the same bacteria. 

Resistance in Klebsiella pneumoniae – common intestinal bacteria that can cause life-threatening 
infections – to a last-resort treatment (carbapenem antibiotics) has spread to all regions of the world. K. 
pneumoniae is a major cause of hospital-acquired infections such as pneumonia, bloodstream infections 
and infections in newborns and intensive-care unit patients. In some countries, because of resistance, 
carbapenem antibiotics do not work in more than half of people treated for K. pneumoniae infections. 

Resistance in Escherichia coli to one of the most widely used medicines for the treatment of urinary tract 
infections (fluoroquinolone antibiotics) is very widespread. There are countries in many parts of the world 
where this treatment is now ineffective in more than half of patients. 

Treatment failure of the last-resort medicine for gonorrhoea (third-generation cephalosporin antibiotics) 
has been confirmed in at least 10 countries (Australia, Austria, Canada, France, Japan, Norway, Slovenia, 
South Africa, Sweden and the United Kingdom). 

WHO recently updated the treatment guidelines for gonorrhoea to address emerging resistance. The new 
WHO guidelines do not recommend quinolones (a class of antibiotic) for the treatment of gonorrhoea due 
to widespread high levels of resistance. WHO also updated treatment guidelines for chlamydial infections 
and syphilis. 

Resistance to first-line drugs used to treat infections caused by Staphylococcus aureus – a common cause 
of severe infections in health facilities and communities – is widespread. People with MRSA (methicillin-
resistant Staphylococcus aureus) are estimated to be 64% more likely to die than people with a 
nonresistant form of the infection. 

Colistin is the last-resort treatment for life-threatening infections caused by Enterobacteriaceae, which are 
resistant to carbapenems. Resistance to colistin has recently been detected in several countries and 
regions, making infections caused by such bacteria untreatable. 

Resistance in tuberculosis (TB) 
WHO estimates that in 2014 there were about 480 000 new cases of multidrug-resistant tuberculosis 
(MDR-TB), a form of tuberculosis that is resistant to the 2 most powerful anti-TB drugs. Only about a 
quarter of these (123 000 cases) were detected and reported. MDR-TB requires treatment courses 
that are much longer and less effective than those for nonresistant TB. Globally, only half of MDR-TB 
patients were successfully treated in 2014. 

Among new TB cases in 2014, an estimated 3.3% were multidrug-resistant. This figure was 20% 
among people previously treated for TB. Extensively drug-resistant tuberculosis (XDR-TB), a form of 
tuberculosis that is resistant to at least 4 of the core anti-TB drugs, has been identified in 105 
countries. An estimated 9.7% of people with MDR-TB have XDR-TB. 

Resistance in malaria 
As of July 2016, resistance to the first-line treatment for Plasmodium falciparum malaria (artemisinin-
based combination therapies, also known as ACTs) had been confirmed in 5 countries of the Greater 
Mekong Subregion (Cambodia, the Lao People’s Democratic Republic, Myanmar, Thailand and Viet 
Nam). In most places, patients with artemisinin-resistant infections recover fully after treatment, 
provided that they are treated with an ACT containing an effective partner drug. 
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However, along the Cambodia–Thailand border, P. falciparum has become resistant to almost all 
available antimalarial medicines, making treatment more challenging and necessitating close 
monitoring. There is a real risk that multidrug resistance will soon emerge in other parts of the 
Subregion as well. The spread of resistant strains to other parts of the world could pose a major public 
health challenge and jeopardize important recent gains in malaria control. 

The WHO Strategy for Malaria Elimination in the Greater Mekong Subregion (2015–2030) was 
endorsed by all 5 countries, as well as China. 

Resistance in HIV 
In 2010, an estimated 7% of people starting antiretroviral therapy (ART) in developing countries had 
drug-resistant HIV. In developed countries, the same figure was 10–20%. Some countries have 
recently reported levels at or above 15% among those starting HIV treatment, and up to 40% among 
people restarting treatment. This requires urgent attention. 

Increasing levels of resistance have important economic implications: second- and third-line 
regimens are 3 times and 18 times more expensive, respectively, than first-line drugs. 

Since September 2015, WHO has recommended that everyone living with HIV start on ART. Greater 
use of ART is expected to further increase ART resistance in all regions of the world. To maximize the 
long-term effectiveness of first-line ART regimens, and to ensure that people are taking the most 
effective regimen, it is essential to continue monitoring resistance and to minimize its further 
emergence and spread. In consultation with countries, partners and stakeholders, WHO is currently 
developing a new Global action plan on HIV drug resistance (2017–2021). 

Resistance in influenza 
Antiviral drugs are important for the treatment of epidemic and pandemic influenza. So far, virtually 
all influenza A viruses circulating in humans are resistant to 1 category of antiviral drugs – M2 
inhibitors (amantadine and rimantadine). However, the frequency of resistance to the 
neuraminidase inhibitor oseltamivir remains low (1–2%). Antiviral susceptibility is constantly 
monitored through the WHO Global Influenza Surveillance and Response System. [Ref: 
https://www.euro.who.int] 

Change in approach for tackling AMR  
From sentinel to population-based survey 
Third high level technical consultation and meeting on surveillance of antimicrobial resistance and use for 
concerted actions” co-hosted by the Republic of Korea and Sweden in April 2021, 88 countries - moving 
towards the application of population-based surveys. 

Whole genome sequencing for surveillance of antimicrobial resistance 

Whole-genome sequencing (WGS) provides a vast amount of information and the highest possible 
resolution for pathogen subtyping. The application of WGS for global surveillance can provide information 
on the early emergence and spread of AMR and further inform timely policy development on AMR control. 
Sequencing data emanating from AMR surveillance may provide key information to guide the development 
of rapid diagnostic tools for better and more rapid characterization of AMR, and thus complement 
phenotypic methods. Whole-genome sequencing (WGS) offers a vast amount of information and the 
highest resolution for molecular subtyping of pathogens. When used to answer specific questions, it could 
further strengthen AMR surveillance. During the past decade, WGS has transformed biomedical research 

https://www.euro.who.int/
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and could transform epidemiological surveillance of pathogens and aid clinical decision-making on 
infectious diseases and the treatment of individual patients (“precision medicine”). 

Potential public health uses of WGS include: 
 identification of high-risk or AMR clones regionally and globally; 
 identification of AMR mechanisms and how they arise and are transmitted in human and animal 

populations and via environmental sources (“One Health”); 
 identification and tracking of outbreaks; 
 identification of new targets for antimicrobials and vaccines; and 
 development of point-of-care tests for AMR. 

Genome Sequencing based surveillance 
Applicable to all pathogens 

International 
surveillance 

Identify source of 
infection and 

outbreak 

Identify high-risk clones Identify pathways of AMR 
evolution 

Determine molecular 
mechanisms of AMR 

National 
surveillance 

Tracing transmission 
chains and networks 

Identify at-risk groups Identify human factors that 
contribute AMR evolution 

Develop point of care 
tests 

Local 
surveillance 

Correlate virulence 
factors to patient 

outcomes 
Information and data required 

All WGS application require a bioinformatics pipelines to process sequence data 

Reference 
database 

Phylogenetic analysis Phylogenetic analysis AST data Reference database 

AST data Epidemiological 
metadata 

Strain typing Epidemiological metadata AST data 

Epidemiologi
cal metadata 

 
Epidemiological 

metadata 
Data on antibiotic use Clinical data 

  
Clinical data Phylogenetic analysis Variant analysis   

Reference database Variant analysis Machine learning 
methods 

 

National Database of Antibiotic Resistant Organisms (NDARO), 
USA 
In response to the rising threat of AMR, the White House developed the National Action Plan for Combating 
Antibiotic-Resistant Bacteria in 2015. As part of the National Action Plan, NCBI is partnered with several 
outside agencies, including the FDA, CDC, USDA, WHO, PHE, and others to take the following steps: 

 To increase standardization, NCBI has developed and maintains a curated database of AMR 
genes. 

 To make AMR-related data more widely available, NCBI is collecting genetic and antibiotic 
susceptibility data. 

 To make more effective use of bacterial genomic data, NCBI has developed AMRFinderPlus to 
identify AMR genes in bacterial genomes. 

 To assist researchers and public health officials, NCBI has developed the Isolate Browser to allow 
researchers to identify bacterial genomes with AMR genes. 

 NDARO has published following list of organisms resistant various antibiotics 

https://obamawhitehouse.archives.gov/blog/2015/03/27/our-plan-combat-and-prevent-antibiotic-resistant-bacteria
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 Escherichia coli: Fluoroquinolone R , ESBL (Extended Spectrum Beta-Lactamases), 
Carbapenemases,Colistin R   

 Klebsiella pneumoniae: Fluoroquinolone R, ESBL, Carbapenemases, Colistin   

 Acinetobacter spp.: Carbapenemases, Colistin R 

 Staphylococcus aureus: mecA Gene, mecC Gene [resistantce again β-lactam antibiotics] 

 Salmonella spp.: Fluoroquinolone R, ESBL, Carbapenemase, Colistin R 

 Shigella spp.: Fluoroquinolone R, ESBL,Carbapenemase, Colistin R 

 Neisseria gonorrhoeae: Fluoroquinolone R, ESBL, Carbapenemase, Colistin R 

Distribution of antimicrobial resistant organisms in various infections 
Infection Microbe Resistant (No.) Total 

(No.) 

>90% of 
organisms 

found resistant  

Gastrointestinal 
infection 
  

 Shigella sp. 4320 4436 

 Salmonella sp. 10427 12774 

Urinary tract infection  K. pneumoniae  301852 311470 

 E. coli. 2201389 2266466 

Bloodstream infection  S. pneumoniae  19498 20148 

 S. aureus 107086 115622 

 Salmonella sp. 12371 13416 

 K. pneumoniae  252265 254953 

 Acinetobacter sp. 22062 23671 

 

 
Fig: Resistance patterns of various organisms against different classes of antibiotics and increasing trend of 
resistance towards carbapenem 

 

Key areas identified by U.S. Centers for Disease Control and Prevention  
 Reducing antibiotics in water, soil, and elsewhere in the environment. 
 Improving antibiotic use, including ensuring people can access these medicines when needed. 
 Developing new vaccines, drugs, and diagnostic tests. 
 Improving infection prevention and control. 
 Enhancing data sharing and data collection.   
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Urgent Threats   

 Carbapenem- resistant Acinetobacter 
 Drug-resistant Candida auris (C. auris) 
 Clostridioides difficile (C. difficile) 
 Drug-resistant Neisseria gonorrhoeae (N. gonorrhoeae) 
 Carbapenem-resistant Enterobacterales (CRE) 

Serious Threats 
 Drug-resistant Campylobacter Concerning Threats 
 Erythromycin-resistant Group A Streptococcus 
 Clindamycin-resistant Group B Streptococcus 
 Drug-resistant Candida Species 
 ESBL-producing Enterobacterales 
 Vancomycin-resistant Enterococcus (VRE) 
 Multidrug-resistant Pseudomonas aeruginosa (P. aeruginosa) 
 Drug-resistant nontyphoidal Salmonella 
 Drug-resistant Shigella 
 Methicillin-resistant Staphylococcus aureus (S. aureus) (MRSA) 
 Drug-resistant Streptococcus pneumoniae (S. pneumoniae) 

Drug-resistant Tuberculosis 

Concerning Threats  
 Erythromycin-resistant Group A: Streptococcus 
 Clindamycin-resistant Group B: Streptococcus 

Actions  
1. Detect, Respond, and Contain Resistant Pathogens 
2. Encourage Innovation for New Strategies, Drugs, and Diagnostics 
3.Prevent Spread of Resistant Infections 

Government of India Initiatives  
Vision 2035: Public health surveillance in India, NITI Ayog  
The National Institute for Transforming India (NITI Aayog) functions as a think tank and resource centre or 
knowledge hub, fosters cooperative federalism, designs policy and program framework and guides 
monitoring and evaluation of National Programs in India.  

In alignment with the Universal Health Coverage focus towards achieving the Sustainable Development 
Goals by 2030, NITI has focused on holistically transforming the delivery of health care services across the 
public and private sectors. Multiple stakeholder consultations were conducted to identify the priorities for 
core building blocks of a Health System for New India.  

Enhancing Public Health Surveillance is an important public health function. This includes the detection of 
disease and early warning signs of impending outbreaks or epidemics, both those endemic to the country 
or those that constitute a public health emergency of international concern. Tracking acute and chronic 
disease trends and responding with timely and effective actions are critical functions of surveillance. A 
white paper developed by NITI Ayog and University of Manitoba, Canada involving National and Global 
experts. 
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India’s Public health Surveillance: Vision 2035 
1. Be a predictive*, responsiveπ, integrated# and tiered@ system of disease and health surveillance 

that is inclusive of Prioritised$, emerging and re-emerging communicable and non-
communicable diseases and conditions. Readiness for actions at community, facility and health 
and governance systems are key aspects of the response.  

2. Be a system that is primarily based on de-identified individual level patient information which 
includes health care facility and laboratory data as key sources, amongst others.  

3. Serve public good through the provision of meaningful ‘Information for Action’ to relevant 
stakeholders^, with due attention to privacy and confidentiality of the individual, and enabled 
with a client feedback mechanism.  

4. Provide regional/global leadership in compliance with International Health Regulations and 
management of events that constitute a Public Health Emergency of International Concern  

*Ability to predict a disease event or outbreak  
πAbility to respond positively with speed and sensitivity  
#Implies integration between centre, state and district, as well as between public and private health sectors  
@Refers to the 3 tier health care delivery system in India; primary care at Health and Wellness centres, sub-
centres and primary health care centres, secondary care at first level referral units and district hospitals (few 
specialities – medicine, obstetrics & gynaecology, paediatrics and emergency care), and tertiary care at medical 
colleges and apex institutions (all specialists and super-specialists, equipped with high level laboratories for 
advanced diagnostics and specialist procedures).  
$Prioritisation is a periodic exercise, repeated every 3-5 years, based on specific objective criteria, described later 
within this document.  
^Includes clients/patients, governments, academia, industry, media and non-government organisations. 

Key Building blocks identified in Vision 2035 - India’s Public health Surveillance 
 

1. Governance: Principle - Develop an eco-system for surveillance 
2. Information Systems linked with robust lab networks as data sources for Surveillance 
3. Data Analytics (including Predictive Analytics) 
4. Information for Action: Principle - ‘For Public good’ 
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The Architecture of Public Health Surveillance in 2035 

 

Real-Time Surveillance of Infectious Diseases in Taiwan: A case study by NITI Ayog  
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National Action Plan on Antimicrobial Resistance (NAP-AMR) 2017 – 2021, 
MoHFW 
The threat posed by antimicrobial resistance (AMR) to public health as well as global health security has 
been reiterated in numerous World Health Assembly (WHA) resolutions. AMR is also prioritized under the 
Global Health Security Agenda (GHSA), and India is one of the contributing countries. The Ministry of Health 
& Family Welfare (MoHFW) identified AMR as one of the top 10 priorities for the ministry’s collaborative 
work with WHO. The National Health Policy 2017 identifies antimicrobial resistance as a problem and calls 
for effective action to address it. An international conference on AMR – “Combating Antimicrobial 
Resistance: A Public Health Challenge and Priority”, was jointly organized by the Government of India and 
World Health Organization (WHO) in February 2016, which was attended by more than 350 participants. 
The Hon’ble Prime Minister, Shri Narendra Modi, and then the Hon’ble Union Minister for Health, Shri J.P. 
Nadda have reiterated government’s commitment to tackle AMR. 

India is among the nations with the highest burden of bacterial infections. An estimated 410,000 children 
aged five years or less die from pneumonia in India annually; with pneumonia accounting for almost 25% 
of all child deaths. The crude mortality from infectious diseases in India today is 417 per 100,000 persons. 
Consequently, the impact of AMR is likely to be higher in the Indian setting. MoHFW, GoI developed 
National Action Plan on Antimicrobial Resistance (NAP-AMR) 2017 – 2021 to address the AMR challenges 
with following priorities.   

 Strengthen capacity for laboratory-based surveillance of AMR with species level in  Humans, 
animals, food and environment 

 Organize joint training workshops for bacterial identification, antimicrobial susceptibility testing 
(AST) and data harmonization 

[Ref: National Action Plan on Antimicrobial Resistance (NAP-AMR) 2017 – 2021, MoHFW] 

Antimicrobial Resistance Surveillance & Research Initiative (ARSN), ICMR, GoI 
Antimicrobial resistance (AMR) is a major public health concern for India where the burden of infectious 
diseases is high and consumption of antibiotics is huge and un-regulated. Reliable estimates of AMR burden 
are fundamental for addressing its impacts and information on local resistance patterns is crucial for 
devising empirical as well as pathogen specific therapy for diverse epidemiological settings. 

In view of this, to generate relevant evidence on the extent of drug resistance and a nationally 
representative reliable data on AMR which was not existent from India, ICMR initiated Antimicrobial 
Resistance Surveillance and Research Network (AMRSN) in 2013. 

ICMR AMRSN Goals  
 Establish network of hospitals to monitor trends in the antimicrobial susceptibility profile of 

clinically important bacteria and fungi limited to human health 
 Include comprehensive molecular studies for identifying the clonality of drug-resistant 

pathogens and their transmission dynamics to enable better understanding of AMR in the Indian 
context and develop suitable interventions 

 Disseminate information on AMR in pathogenic organisms to stakeholders to promote 
interventions that reduce AMR 

 Create data management system for data collection and analysis 

Pathogenic groups identified by ICMR, AMRSN 
The ICMR’s network focuses on following six pathogenic groups: 

1. Enterobacteriaceae causing sepsis, 
2. Gram negative non-fermenters, 
3. Enteric fever pathogens, 



 Page 18 of 36 
 

4. Diarrheagenic bacterial organisms, 
5. Gram positives: Staphylococci and Enterococci 
6. Fungal pathogens (excluded in WHO priority pathogens)-yeasts (Candida and Cryptococcus spp.) 

and mycelial fungi (Aspergillus spp. and Zygomycetes spp.). 

The pathogenic groups identified by advisory group also align well with the WHO priority pathogen list 
released in 2017. 

Network Composition 
AMRSN includes six Nodal Centers (NCs) for each pathogenic group that are located in four tertiary care 
medical institutions for the above-mentioned pathogenic groups. 

 Diarrheagenic bacterial organisms, CMC, Vellore 
 Enteric fever pathogens: AIIMS, New Delhi 
 Enterobacteriaceae causing sepsis: PGIMER, Chandigarh 
 Gram negative non fermenters: CMC, Vellore 
 Gram positives including MRSA: JIPMER, Pondicherry 
 Fungal infections: PGIMER, Chandigarh 

[Ref: https://iamrsn.icmr.org.in/index.php/amrsn/amrsn-network] 

ICMR Sentinel Surveillance Laboratories for AMR surveillance  
Under the programme, National Antimicrobial Surveillance network (NARS-Net) has been established to 
determine the magnitude and trends of AMR in different geographical regions of the country. The network 
labs under NARS-Net are required to submit AMR surveillance data of seven priority bacterial pathogens 
of public health importance:  Klebsiella spp., Escherichia coli, Staphylococcus aureus, and 
Enterococcus spp., Pseudomonas spp, Acinetobacter spp., Salmonella enterica serotypes Typhi and 
Paratyphi. The list of 30 labs in 24 states/UTs currently included in the network is as below: 

Sr. No. Sentinel Surveillance Laboratory Sr. No. Sentinel Surveillance Laboratory 

1 BJMC Pune, Maharashtra  16 Medical College, Aurangabad, Maharashtra 

2 BJMC Ahmedabad, Gujarat 17 Osmania General Hospital & Osmania Medical College, 
Hyderabad, Telangana 

3 GSVM Medical college Kanpur, UP 18 SCB Medical College Hospital, Cuttack, Odisha 

4 GMCH Chandigarh 19 Agartala Govt. Medical College & GBP Hospital 

5 SMS Medical College Jaipur, Rajasthan 20 Guntur Medical College & Govt. General Hospital, Andhra 
Pradesh 

6 LHMC, Delhi 21 Jawaharlal Nehru Memorial Medical College, Raipur, 
Chattisgarh 

7 VMMC and Safdarjung Hospital, Delhi 22 Rajendra Institute of Medical Sciences, Ranchi, Jharkhand 

8 MMC & RI Mysore, Karnataka 23 B D Sharma PGIMS Rohtak, Haryana 

9 KAPV Government Medical College, Trichy, 
Tamil Nadu 

24 Indira Gandhi Institute of Medical Sciences, Sheikhpura, 
Patna, Bihar 

10 Government Medical College, 
Thiruvanathapuram, Kerala 

25 Medical College, Haldwani, Uttarakhand 

11 Guwahati Medical college, Guwahati, Assam 26 Gandhi Medical College, Bhopal, Madhya Pradesh 

12 Mahatma Gandhi Memorial Medical college, 
Indore, MP 

27 Calcutta School of Tropical Medicine, Kolkata, West Bengal 

13 NEIGRIHMs, Shillong, Meghalaya 28 LLRM Govt. Medical College, Merrut, Uttar Pradesh 

14 IGMC, Shimla, HP 29 GMERS Medical College, Valsad, Gujarat 

15 Medical College, Jammu 30 Coimbatore Medical College & Hospital (CMCH), 
Coimbatore, Tamil Nadu 

Ref: https://ncdc.gov.in/index1.php?lang=1&level=2&sublinkid=384&lid=344 
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Indian Priority Pathogen List – 11th May 2021 [WHO-DBT, GoI]  
Department of Biotechnology, GoI in collaboration with WHO published a list of priority pathogens in 2021 
which has been divided into three areas Pathogens falling under critical priority, High priority and Medium 
priority the pathogens and their sensitivity against respective antibiotics is mentioned in the table 
below.(Department of Biotechnology & WHO Country Office for India, 2021) 

Indian Priority Pathogen List by DBT, GoI and WHO India Office (11th May 2021) 

Critical Priority  

Enterobacteriaceae Klebsiella pneumoniae  
Escherichia coli 

Carbapenem – R  
Tigecycline – R 
Colistin – R 

Non-fermenting bacteria Acinetobacter baumannii  
Pseudomonas aeruginosa 

Carbapenem – R Colistin – R 

HIGH PRIORITY  

Staphylococcus aureus MRSA, hVISA  

Enterococcus species Vancomycin – R  
Linezolid – R  
Daptomycin – NS 

Salmonella species  
(Typhoidal and Non-typhoidal) 

Azithromycin – NS  
Third generation cephalosporins – NS  
Carbapenem – NS 

MEDIUM PRIORITY  

Streptococcus pneumoniae Cephalosporin – R Fluoroquinolones – R Linezolid – R 

Staphylococcus, coagulase-
negative 

Vancomycin – R Linezolid – R  

Shigella species  Third generation cephalosporins – R Azithromycin – R  

Haemophilus influenzae Third generation cephalosporin – NS Carbapenem – NS 

Neisseria meningitidis Fluoroquinolones – NS Third generation cephalosporins – NS 

R: resistant; NS: non-susceptible MRSA: methicillin resistant S. aureus hVISA: heterogenous 
vancomycin-intermediate S. aureus 
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NARS-Net India National Antimicrobial Resistance Surveillance Network : Key 
findings   

Pathogens isolated from various body fluids  
Specimen Blood Urine Pus Aspirates Other Sterile Body 

fluids (OBSF) 
Stool 

S. aureus  X   X X   
Enterococcus spp.  X X X X   
Klebsiella spp.  X X X X   
E. coli  X X X X   
Acinetobacter spp.  X X X X   
Pseudomonas spp.  X X X X   
Salmonella typhi/paratyphi X       X 

 

Priority pathogen isolated from various samples (percentage) 
Priority Pathogens  Blood  Urine  Pus aspirates and OSBF 
Escherichia coli  1,602 (10%) 18,350 (55%)  4,504 (18%) 
Klebsiella spp.  4,117 (25%) 7,056 (21%)  4,957 (20%) 
Salmonella typhi and paratyphi 407 (3%) 

  

Pseudomonas spp.  1,129 (7%)  2,624 (8%)  3,565 (15%) 
Acinetobacter spp.  2,649 (16%) 1,115 (3%) 1,953 (8%) 
S. aureus  4,976 (31%) 

 
8,314 (34%) 

Enterococcus spp.  1,309 (8%)  4,497 (13%)  1,075 (4%) 
Total  16,189 33,642 24,368 

 

Distribution of isolates 

 
Percent resistance against various antibiotics among clinical isolates 

45311, 61%

21707, 29%

7202, 10%
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Resistance against various antibiotics among clinical isolates 
Antibiotic tested  PA+OSBF (N=3,565),  

(%R) 
Blood (N=1,129), 

(%R) 
Urine (N=2,624), 

(%R) 
Piperacillin/ Tazobactam 32 23 32 

Ceftazidime 54 48 54 
Cefepime 55 41 58 
Imipenem 38 30 42 
Amikacin 46 34 47 

Gentamicin 51 37 52 
Ciprofloxacin 49 32 60 

Colistin 8 3.7 3.1 
 

DBT Programs with International agencies  
DBT-GoI & UKERI: India-UK Tackling AMR in the Environment from Antimicrobial Manufacturing Waste 
(2019) in collaboration with (UKRI Natural Environmental Research Council, 2021) 

 Collaborative and cross-disciplinary research projects involving researchers from both the UK and 
India: Up to £3.8m 

 With interconnected ecosystems (including humans, animals, the environment), the exchange of 
bacteria is continuous and thus the ABR problem is not restricted to medical science alone. 

 Check on industrial effluents is non mandatory which leads to contamination of waterbodies 
with antibiotics. 

DBT-GoI BIRAC Grand Challenge Call (2018) in collaboration with Bill & Melinda Gates Foundation  

 Solutions for surveillance 
 Low-cost technologies and products that will improve infection prevention in healthcare settings  
 Technologies that will remove antibiotics/antimicrobials from effluents 
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Brainstorming Session on “Network Program on 
Antimicrobial Resistance, Superbugs & One Health”. 

Venue: Committee Room, Department of Science & Technology, Block-7, 5th Floor, 
New Sachivalaya, Gandhinagar (Date & Time: 9/9/2021 15:00 hrs to 17:00 hrs) 

GSBTM is facilitating the development of Biotechnology in the State and providing financial assistance to 
Academia and Research institutions under Research Support Scheme to undertake research on the 
problems relevant to the State and their solutions through biotechnology interventions, leading to product, 
process or prototype development. A new program is being visualized as suggested by Secretary, DST as 
“Network Program on Antimicrobial Resistance, Superbugs & One Health”. A Brainstorming Session 
organized with key stakeholders to conceptualize “Network Program on Antimicrobial Resistance, 
Superbugs & One Health” under the Chairpersonship of Ms. Gargi Jain, IAS, Mission Director GSBTM, 
Deputy Secretary (BT & IT), DST. 

Background:  
Antimicrobial resistance (AMR) is a global development threat.  AMR is one of the top 10 global public 
health threats facing humanity as identified by WHO. Misuse and overuse of antimicrobials are the main 
drivers in the development of drug-resistant pathogens. In 2019, a new AMR indicator was included in the 
SDG monitoring framework. Antimicrobial resistance threatens the very core of modern medicine and 
without effective antimicrobials, the success of modern medicine in treating infections, including during 
major surgery and cancer chemotherapy, would be at increased risk. 

Currently, at least 7, 00,000 people die each year due to drug-resistant diseases. AMR predicted to be the 
major cause of death with estimated 10 million deaths by 2050 and Asia Pacific Region will be the highly 
affected region with approx. 4.7 million deaths by 2050 (WHO). India is one of the largest consumers of 
antibiotics worldwide and relies on other countries for active pharmaceutical ingredients for producing 
medicines, which creates burden on foreign exchange reserves. 

Brief History of Resistance and Antibiotics [www.cdc.gov] 
Antibiotic Approved or 
Released 

Year Released Resistant Germ Identified Year 
Identified 

Penicillin 1941 Penicillin-resistant Staphylococcus aureus 1942 
Penicillin-resistant Streptococcus pneumoniae 1967 
Penicillinase-producing Neisseria gonorrhoeae  1976 

Vancomycin 1958 Plasmid-mediated vancomycin-resistant Enterococcus 
faecium 

1988  

Vancomycin-resistant Staphylococcus aureus 2002 
Amphotericin B 1959 Amphotericin B-resistant Candida auris 2016 
Methicillin 1960 Methicillin-resistant Staphylococcus aureus 1960 
Extended-spectrum 
cephalosporins 

1980 
(Cefotaxime) 

Extended-spectrum beta-lactamase- producing Escherichia 
coli 

1983 

Azithromycin 1980 Azithromycin-resistant Neisseria gonorrhoeae 2011 
Imipenem 1985 Klebsiella pneumoniae carbapenemase (KPC)-

producing Klebsiella pneumoniae 
1996 

Ciprofloxacin 1987 Ciprofloxacin-resistant Neisseria gonorrhoeae 2007 
Fluconazole 1990 (FDA 

approved) 
Fluconazole-resistant Candida 1988 

Caspofungin 2001 Caspofungin-resistant Candida 2004 
Daptomycin 2003 Daptomycin-resistant methicillin-resistant Staphylococcus 

aureus 
2004 

Ceftazidime-avibactam 2015 Ceftazidime-avibactam-resistant KPC-producing Klebsiella 
pneumoniae 

2015 
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A brainstorming session organized to conceptualize the “Network Program on Antimicrobial Resistance, 
Superbugs & One Health” under the Chairpersonship of Ms. Gargi Jain, IAS, Mission Director, GSBTM, 
Deputy Secretary (BT & IT), DST at Committee Room, Department of Science & Technology, Block-7, 5th 
Floor, New Sachivalaya, Gandhinagar on 09/09/2021, 15:00 to 17:00 hrs. 

Brainstorming session was organized with the stakeholder institutions from Human Health, Veterinary, 
Fisheries, Poultry, Environment, Pollution Control and private players form Pathology Laboratories. 
Nominated experts from each sectors gave a brief presentation on activities on AMR research in their 
respective institutions / laboratories and provided inputs on the structure of network program. 
Representatives from Lien Departments were also participated in the discussions.   

 
1. Ms. Gargi Jain, IAS Mission Director GSBTM, Deputy Secretary (BT & IT), DST 
2. Prof. C. G. Joshi Director, GBRC 
3. Dr. D. B. Patil Director of Research & Dean, PG Studies, Kamdhenu University 
4. Dr. Summaiya Mullan Professor & Head, Department of Microbiology, GMC, Surat 
5. Dr. Sima Bhatt  Professor & Head, Department of Microbiology, GMERS, Gandhinagar 
6. Dr. Snehal Bagatharia Joint Director, R&D, GSBTM 
7. Dr. Madhvi Joshi Joint Director, GBRC Gandhinagar 
8. Dr. Sumtia Soni Associate Professor B.J. Medical college Ahmedabad 
9. Dr. Bhavesh Modi Associate Professor GMERS, Gandhinagar 
10. Dr. Deepak Saxena Associate Professor, IIPHG, Gandhinagar 
11. Dr. Sujit Kumar Assistant Professor, PGIFER, Kamdhenu University 
12. Dr. Arun Patel Assistant Professor, Kamdhenu University 
13. Dr. Apurva Puvar Senior Scientific officer, Sterling diagnostics 
14. Dr. Manan Patel Senior Scientific officer, Sterling diagnostics 
15. Dr. Viral Shah Consultant Microbiologist, Unipath laboratories. 
16. Dr. Sunita Varjani Scientific officer, Gujarat Pollution Control Board  
17. Dr. Vartika Chandra Veterinary Officer, Animal Husbandry Department  
18. Mr. Nitish Dave Manager, GSBTM 
19. Dr. Ishan H. Raval Manager, GSBTM 
20. Ms. Pankti Mistri Manager, GSBTM 
21. Dr. Pritesh Sabara Dy. Manager, GSBTM 
22. Dr. Gunjan Kumar Mehta Dy. Manager, GSBTM 
23. Ms. Preeti Jacob Dy. Manager, GSBTM 
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Presentation 1: Antimicrobial resistance (AMR) Activities 
Presenter: Dr. Summaiya Mullan, Professor & Head Department of Microbiology, Head of TB IRL, Head 
of Leptospirosis Research Centre, Govt. Medical College, Surat  

Overview 
AMR occurs when microbes mutate or adapt in manner that can render treatment ineffective. AMR is 
increasing in past few years due to overuse and misuse of antibiotics among people and animals. In 2020, 
total 65,561 samples were collected by ICMR from 30 tertiary care hospitals across the country where 5 
common microbes found were Escherichia coli (25.1%), Klebsiella pneumonie (18%), Pseudomonas 
aeruginosa (12%), Acinetobacter baumanni (10.4%) and Staphylococus aureus (9.6%). Colistin, known as 
last resort drug, still has overall susceptibility of 96% with E. coli and over 90% with K. pneumonie, but 
colistin is resistance is growing.  Resistance to carbapenem the mainstay in many ICUs, is increasing with 
47% in treatment of K. pneumonie.  

ICMR has classified the organisms in to three categories,  

 Group-I Pathogens: Microbes resistant to last-resort antibiotics such as carbapenems. Cause 
severe infections such as ventilator-associated or hospital-acquired pneumonia, blood stream and 
urinary tract infections  

 Group-II Pathogens: Multidrug-resistant bacteria, high risk, mainly prevalent in hospital-acquired 
infections, ventilator associated pneumonia, and complicated and urinary tract infections 

 Group-II Pathogens: Drug resistant bacteria responsible for only small number of infections but 
detection can help. 

Anti-Microbial resistance is influenced by numerous factors including environmental, drug related, factors 
related to patients and physician related. Antibiotic resistant bacteria transfer its resistant gene through 
lateral transfer to sensitive bacteria and make them resistant against numerous antimicrobial agents. 
Routine AMR surveillance in most countries is often based on samples taken from patients with severe 
infections particularly infections associated with health care, and those in which first-line treatment has 
failed. Community-acquired infections are almost certainly underrepresented among samples, leading to 
gaps in coverage of important patient groups.  Escherichia coli, Klebsiella pneumonia and Staphylococcus 
aureus showed resistance at hospital level while, Streptococcus pneumonia, Nontyphoidal Salmonella, 
Shigella species and Neisseria gonorrhea showed drug resistant at community level. Assessment of core 
capacities for antimicrobial stewardship programmes (AMSP) is an important starting point to initiate 
nationwide AMSP.  

Activities 
Department of Microbiology and Leptospirosis Research Centre, Govt. Medical College, Surat is actively 
engaged in surveillance of AMR. Data from January 2020 to December 2020 showed 56% Methicillin 
resistance Staphylococcus spp. (MRS), 34% Inducible Clindamycin Resistance, 14% Vancomycin resistance 
Enterococci, 1-22% Linezolid resistance in bacteria. In case of disease specific condition Mycobacterium 
tuberculosis showed 7% resistance to Rifampicin. Antiviral drug resistance is also observed in HIV, H1N1 
and H3N2. 

Recommendations 
Following recommendations were made. 

 There is need to form a strict action plan on the use of antibiotics 
 Unsolicited use of antibiotics should be prevented 
 Pilot studies should be planned to prevent the spread of AMR and later the policies should be 

made to prevent the spread of AMR 



 Page 25 of 36 
 

Presentation 2: Network Program on Antimicrobial 
Resistance, Superbugs & One Health 
Presented by: Dr. Sumeeta Soni, Nodal Officer AMR Network Lab, Assistant Professor, Microbiology, 
B.J. Medical College, Ahmedabad 

Department of Microbiology, B.J. Medical College, Ahmedabad is one of the node of National AMR 
Network Labs. Dr. Sumeeta Soni is the nodal officer of National AMR Network Lab at B.J. Medical College, 
Ahmedabad. The Nodal center as ICMR and WHO AMR Network carry out various activities for AMR 
surveillance and containment. The objectives of the AMR node are as mentioned below, 

Objectives:  
 Establish a laboratory-based AMR surveillance system in the country to generate quality data 

on antimicrobial resistance  

 Carry out surveillance of antimicrobial usage in different healthcare settings  

 Strengthen infection control practices and promote rational use of antimicrobials through 
antimicrobial stewardship activities 

 Generate awareness amongst healthcare providers and community on antimicrobial 
resistance and rational use of antimicrobials 

Activities: 
The nodal center is actively engaged in isolation, identification and antimicrobial sensitivity testing of 
priority pathogens viz. E. coli, Klebsiella, Pseudomonas, Acinetobacter, Staphylococcus aureus, 
Enterococcus, Salmonella enterica (serotypes Typhi and Paratyphi). Specimens under surveillance are blood 
culture, body fluids, urine and stool (only for Salmonella). The isolates are stored in stock after isolation 
and identification and 1% of isolates are sent to the reference lab at National Centre for Disease Control 
(NCDC) on quarterly basis for external quality control testing. In case of finding any alert organism, the 
sample is sent for genotyping at NCDC and data is submitted data quarterly to NCDC in WHONET dbf file 
which is then submitted to Global Antimicrobial Resistance Surveillance System (GLASS) portal. The node 
also participates in EQAS conducted by NCDC.  

The identification of organisms is carried out by conventional identification methods of biochemical testing, 
Kirby Bauer disc diffusion test, Automated Method (VITEK 2 Compact System) and BMD (Broth-
microdilution) Testing. Internal quality Control is done through daily and weekly testing by ATCC panels. 
External Quality Assessment Scheme is done every four monthly by Indian Association of Medical 
Microbiologists and CMC Vellore EQAS is carried out quarterly through NCDC 10 challenge pathogens. Date 
management is done through Laboratory Reporting System software with databases of Organisms, 
Antibiotics, Specimen data, Consumables and Ward Infection monitor. 

Way forward: 
The below mentioned measures can be taken to address the challenge of AMR: 

 Molecular testing and gene sequencing, participation in HAIS India Network by AIIMS 

 Antibiotic Consumption Study on WHO AMC tool 

 Antibiotic Stewardship Programme 
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Presentation 3: Antimicrobial Resistance-Diagnostic approach 
Presented by: Dr. Viral Shah, Consultant Microbiologist, Unipath Specialty Laboratory Limited 

Introduction: 
Antimicrobial resistance (AMR) is the ability of a microorganism (like bacteria, viruses, and some parasites) 
to stop an antimicrobial (such as antibiotics, antivirals and antimalarials) from working against it. This leads 
to standard treatments becoming ineffective, persisting infections and spread of infection to others. The 
spread of infection is accelerating due to various reasons like misuse and overuse of antimicrobials, through 
genetic changes, poor infection control, inadequate sanitary conditions, etc.  

Problem: 
Microbes have developed resistance over many antimicrobials that are introduced into clinic within a short 
period of time, proving it to be a short time success story. The resistance to antibiotics and use of antibiotics 
is increasing with time however, the flow of new antibiotics into use is decreasing with time as only a few 
new antimicrobials are added to use.  

The impact of increasing AMR is predicted to be higher in Asia and Africa as compared to rest of the world. 
The death attribute due to antimicrobial resistance is estimated to be around 47.3 Lakh deaths per year in 
Asia, 41.50 Lakh deaths per year in Africa which is quite higher as compared to 3.90 Lakh deaths per year 
in Europe and 3.17 Lakh deaths per year in North America by 2050. 

The quality of life can be negatively affected due to increasing drug resistance. It imposes threat to both 
public health and patients particularly immunocompromised individuals including chemotherapy and 
transplant patients, the elderly, preterm infants, people with HIV/AIDS and others. Infections that could be 
once treated easily can become fatal and if not addressed, common medical interventions including 
surgery, chemotherapy, organ transplantation and care for premature infants may become impossible in 
the future. The healthcare costs are increasing in the case of antibiotic-resistant infections due to 
prolonged and/or costlier treatments, extended hospital stays, additional doctor visits and greater 
disability/death compared with infections that are easily treatable with antibiotics. 

Approach for AMR Control: 

 

Laboratories have an important role in control of AMR. Labs can aid in AMR control through various 
measures like identify etiology of human infections, monitor efficacy of antibacterial treatment, 
communicate susceptibility testing results to clinicians, pilot testing and implementation of new 
technologies that could increase the access and speed of testing or reduce its cost. The surveillance can 
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help in determining burden of healthcare associated infections and antimicrobial resistance. It can also 
provide necessary information to develop and monitor therapy guidelines, antibiotic formularies, antibiotic 
stewardship programs, public health interventions, infection control policies and novel antimicrobials or 
vaccines.  

Key areas to focus on shall be Methicillin-resistant Staphylococcus aureus (MRSA), Vancomycin resistant 
Enterococci (VRE), Carbepenem resistance organisms (CARBA-R), Multi drug resistance in Tuberculosis, 
Fluconazole, Voriconazole/Amphotericin B resistance in fungal infections. 

Key technologies to be used for detecting resistance are  
GenXpert:  

 Detects Presence /Absence of TB DNA from specimen.  
 Detects rifampicin resistance (rpoB gene mutation)  
 Early identification MDR TB cases 

LPA (line probe assay) 

 LPA is useful for Diagnosis of MDR/XDR cases 
 Mutation base identification of resistance genes directly from specimens 
 Early identification of resistance cases and proper treatment guide 
 MDR : InhA /KatG gene for Isoniazide and RpoB gene for rifampicin 
 XDR : rrS and eis for Aminoglycosides,  GyrA/B  for Fluoroquinolones 

Syndromic diagnosis by Multiplex PCR (Biofire/qiastat dx) 

 Respiratory panel 
 GI panel 
 ME panel 
 BCID panel 

Suggestions:  
 Support infection control by identifying and segregating patients infected by resistant 

pathogens 
 Permit source-tracking for infections 
 Allow for broad-spectrum regimen to be replaced with narrow spectrum drugs, thereby 

reducing the risk of antibiotic-associated infections 
 The antimicrobial resistance in TB should be studied with Whole Genome Sequencing (WGS) 

of TB pathogen 
 The surveillance and outbreak investigation can be done through Bacterial WGS 
 Multidisciplinary collaborative approach is needed for proper AMR management and control 
 Laboratory systems are integral to antimicrobial resistance containment 
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Presentation 4: Indian Institute of Public health COHERD 
Presenter: Dr. Deepak Saxena, Registrar & Associate Professor, IIPHG Gandhinagar 

Overview 
IIPHG has been working in the area of public health since 2014. IIPHG has successfully completed four 
projects with University of Bonn, Germany in the field of AMR. IIPH is focusing on AMR & Community 
engagement, AMR (MRSA) transmission, Health system & Operationalization of One Health and WASH in 
HCF (Healthcare facilities).  

Activities  
IIPH has ongoing UKRI funded project on Community engagement for Antimicrobial Resistance (CE4AMR) 
where key focuses are, (1). Explore the scope and role of community engagement for AMR-related 
challenges; (2). Reflect on the relevance of One Health approaches for AMR; (3). Understand existing gaps 
in the current understanding of AMR and how One Health approach and Community-led solutions may 
enrich; (4). Facilitate communication and research possibilities between specialists across different streams 
(AMR, One Health and Community Engagement) and (5). Explore the application of successful models of 
Community Engagement.   

IIPHG is working on “Transmission of Antimicrobial resistance (MRSA) in the nexus of animal-environment-
human” where objectives of the study are; (1). To determine the prevalence of MRSA amongst livestock 
keepers and non-livestock keepers living in same environment; (2). To check the effect of season on the 
burden of MRSA between livestock keepers and non-livestock keepers; (3). To check the difference of 
MRSA contamination between Livestock Keepers and Non-Livestock Keepers; (4). To identify the risk 
factors for the burden of MRSA among Livestock Keepers’ community and (5). To assess the effect of 
environment and animal MRSA contamination on Human 

The study on MRSA revealed that highest carriage of MRSA was observed in summer (54.7) and lowest was 
observed during monsoon (13.3). It was concluded that livestock keepers were at high risk of MRSA 
transmission from the cattle. The presentation also emphasized on the inter sectoral collaboration 
between different sectors such as animal husbandry and human health. The presentation also highlighted 
important insights from WHO WASH (Water, sanitation and hygiene). It explained how lack of sanitation 
leads to more than 1 million maternal and neonatal deaths. Microbial surveillance studies carried out in 
health centres and hospitals revealed that only visible cleanliness is not enough proper sanitation practices 
must be followed in order to prevent microbial contamination in health setups.  
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Presentation 5: Antimicrobial Resistance (AMR) In Veterinary 
Including Poultry 
Presenter: Dr. Arun Kumar Assistant Professor Kamdhenu University. 

Activities 
Kamdhenu University is actively engaged in AMR research having research activities at its Veterinary 
colleges at Anand, Saradrkrushinagar, Navasari and Junagadh. Each college collects samples every year in 
collaboration with Veterinary Hospitals, Field Veterinarians, ADIOs, farmers, LRS, Co-operative dairies of 
Gujarat, Gaushala and Panjarapols of Gujarat and Rajasthan. 

Researchers have collected various types of samples such as milk, pus, blood, vaginal swab, nasal swab, 
organ, faecal, urine and skin scrapping. For the year 2020-21, 316 samples were collected from which 180 
samples showed bacterial growth. Bacterial isolates were then tested against total of 29 antibiotics for 
studying their sensitivity or resistivity to them.  

An antibiogram study from 10 years (2001-2010) illustrates that Chloramphenicol and Enrofloxacin to be 
most effective whereas Gentamicin, Ciprofloxacin, Tetracycline, Co-trimoxazole and Streptomycin to be 
moderately effective and Cephalexin and Penicillin-G to were least effective. Samples from villages of 
Banaskantha District were collected. Screening of around 138 samples resulted in isolation of 44 E. coli. 
and 34 Staphylococcus aureus positive samples. Of all the E.coli isolates, a maximum of 20.45% showed 
resistance to antibiotic Amikacin. Out of 34 Staphylococcus aureus isolates, 47.06% were resistant to 
antibiotic Penicillin. Researchers at Kamdhenu University have also isolated and identified methicillin 
resistant Staphylococcus from Bovine mastitis. One of research on determination of antibiotic susceptibility 
of avian pathogenic E. coli. reveals that all the isolates were resistant to Tertacyclin, Moxifloxacin and 
Pefloxacin. Antibiotic resistance gene cmlA was prevalent in all the screened isolated. Resistance pattern 
of E. coli. isolates from diseased and healthy poultry showed resistance in samples from diseased animals. 
Samples from diseased poultry showed maximum prevalence of aadA1 and tetA antibiotic resistance 
genes, while E.coli isolates from healthy animals and birds showed maximum prevalence of tetB and tetA 
antibiotic resistance genes. 

Research Projects  
 Indian network for fisheries and animals antimicrobial resistance (INFAAR), ICAR, New Delhi 
 One Health Poultry Hub, RVC, UK 
 Detection of Antimicrobial Resistant in E.coli  isolated from various clinical samples of Poultry, KU  
 Isolation, identification and molecular characterization of mastitis causing bacteria, KU   

Recommendations 
 Research in the field of AMR becomes important as animals act as key reservoirs of AMR and there 

is high chance of transmittance of genes to animal handlers 
 One health program should be designed to study AMR   
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Presentation 6: AMR in Fisheries and Aquaculture Industry  
Presenter: Sujit Kumar, Assistant Professor, Fish Biotechnology, PGIFER, Kamdhenu University 

Status of Fisheries and Aquaculture industry: 
Fisheries and Aquaculture industry is one of the most important components of livestock-based industries 
across the Globe and especially to India. Important components of Fisheries and Aquaculture Industry in 
India includes food fish culture, ornamental fish culture, capture fisheries, fish processing for export and 
domestic fish retail centres. Gujarat state, having the longest coastal area1600 Kms, is amongst top 
contributor to the activities related to Fisheries and Aquaculture.  

AMR in Fisheries and Aquaculture- the point of concern: 
There is a growing concern of AMR in Fisheries and Aquaculture due to the misuse and abuse of Antibiotics 
and Pharmacologically active substances over the years that has negatively impacted the sectoral growth 
as whole. Coastal aquaculture authority (CAA) of India has listed 24 such antimicrobial agents, which are 
declared banned for using in Aquaculture activities. The point of concern is, with growing demand of Fish 
and Aquaculture products, indiscriminate use of antimicrobials is also increasing which has resulted into 
widespread development of antimicrobial resistance in aquatic systems. According to reports, aquatic 
system is considered as environmental hotspots for genetic exchange of AMR genes through vertical and 
horizontal evolution.  

AMR surveillance reported from Fisheries and Aquaculture: 
The persistence and proliferation of AMR in the environment represents a global health crisis and 
furthermore, by 2050 AMR could lead to estimated loss of $100 trillion. Pathways for the spread of 
antimicrobial residues and resistant bacteria in the aquatic environment its accumulation in higher order 
animals is well reported. AMR surveillance in fisheries and aquaculture has become a need of time.   

A Network of all 8 Fisheries Research Institutes established with ICAR-NBFGR as Nodal Centre for AMR 
surveillance in fisheries and aquaculture under Indian Network for Fisheries and Animal Antimicrobial 
Resistance (INFAAR). However, the coverage of INFAAR includes few microbes and is very limited with 
reference to Gujarat. Annual Report of NBFGR has suggested prevalence of antibiotic resistance in S. 
aureus, E.coli, Aeromonas spp. up to 65 %, 64 % and 76 % for antibiotics like Penicillin-G, amikacin and 
ampicillin respectively, from different water sources. Surveillance reports by ICAR-CIBA indicates 
prevalence of resistance up to 100 % against antibiotics like Penicillin, ampicillin and amoxycillin in E. coli, 
S. aureus and V. haemolyticus isolates. Surveillance reports by ICAR-CIFT farmed Penaeus vannamei 
indicated higher resistance of E. coli towards Erythromycin (100%), Staphylococcus aureus towards 
Penicillin-G (57%) and Erythromycin (43%); coagulase negative Staphylocci towards Penicillin-G (95%), 
oxacillin (63%), cefoxitin (63%) and Vibrio parahaemolyticus towards ampicillin (25%) and cefoxitin (25%).  

Reports from ICAR-CIFE has indicated presence of E. coli, S. aureus and Vibrio spp. in aquaculture farms of 
Gujarat and Maharashtra. Reports have been found for prevalence of extended spectrum β-lactamase and 
third generation Cephalosporin resistance in E. coli. isolates from fisheries and aquaculture retail outlets 
from Gujarat. Several reports can be found for prevalence of AMR in various isolates like MRSA and 
Aeromonas spp. in ornamental fish industry. 

Program proposed on AMR surveillance in Fisheries and Aquaculture: 
As transfer of AMR and Zoonotic bacteria can occur through global ornamental fish, Faculty of Fisheries at 
Kamdhenu University has carried out surveys and metagenomic study focusing on AMR. Further, 
development of a proposal on "Establishment of State Referral Laboratory for Disease Diagnosis and 
Antimicrobial Resistance (AMR) Surveillance in Aquaculture cum Center for Advance Research in 
Aquaculture Health Management in Gujarat” is also under progress.  
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Multi-faceted approach is visualized to Combat AMR in Fisheries and Aquaculture Sector of Gujarat through 
awareness, evidence, governance and practices regarding AMR. It can be concluded that, coverage of 
INFAAR is very limited and AMR surveillance is restricted to Brackish water aquaculture (Shrimp farming) 
and within Southern State only as evident from various reports. Furthermore, very limited studies have 
been done for AMR surveillance in Veraval, Surat and Valsad. Since the problem of AMR needs to be 
addressed urgently, it is suggested that a separate detailed State Plan of AMR Surveillance in Fisheries and 
Aquaculture is required for detail study which should include research areas such as genomics, 
identification of alternative antimicrobials and study the heterotrophic bacteria for presence of AMR genes 
resulting into a database of AMR prevalence for the State of Gujarat. It is also suggested that a multi-
sectoral approach of AMR in fisheries and aquaculture should be considered. 
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Presentation 7: AMR: Fighting Resistance with Resilience  
Presenter: Dr. Madhvi Joshi, Joint Director, GBRC Gandhinagar 

Overview 
Researchers have developed various antibiotics to combat microbial infection however it has been 
approximately 30 years before the last novel antibiotic was discovered.  CDC has estimated that China and 
India are and will be the largest consumers of antibiotics in near future. AMR is spread from humans to 
animals and vice versa hence one health approach becomes important to understand AMR. Organism such 
as E. coli, K. pneumonia, S. aureus and   N. gonorrhea with multiple antibiotic resistance are being isolated 
from various samples. It is estimated that India is among one of the high risk of zoonotic infections. Poultry 
farms are using various antibiotics such as Bacitracin Methylene Disalicylate, Lincomycin, Avoparcin and 
Tetracycline.   

Projects handled 
GBRC has been working with UKRI for surveillance of AMR in poultry. GBRC is responsible to genome and 
transcriptome analysis of microbes associated with poultry.  

Activities 
Two gene panels designed and are in use for detection of AMR from the samples  

 The Antimicrobial Resistance (AMR) Panel which covers 478 AMR genes and 29 AMR drug classes.  
  The Pan Bacterial Research Panel, which can detect up to 32 antibiotic classes and covers 364 

AMR genes.  
 Data generated from this panel is fed to different databases such as CARD, Res finder and AMR 

finder plus.  
 Few organisms are being isolated which are resistant to antibiotics such as collistin. 

Suggestions 
 It was emphasized that it is very critical study AMR through one health approach 
 NGS approach should be used for analysis of organisms harboring AMR genes 
 Samples must be pooled and screened across the sectors including but not limited to humans, 

environment and animals. 
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Presentation 8: Network Program on Antimicrobial 
Resistance, Superbugs & One Health 
Presenter: Dr. Snehal Bagatharia Joint Director, R&D, GSBTM 

Overview 
GSBTM activities in brief presented to stakeholders. GSBTM presentation focused on AMR covering, (1) 
Global Scenario including WHO and NCBI-NIH [USA] initiatives; (2) National Scenario including DBT, GoI and 
ICMR initiatives for addressing the challenges related AMR (3) Objectives of GSBTM, DST program on 
“Antimicrobial Resistance, Superbugs & One health” and budgetary estimates.   

Objectives proposed for the Network program on AMR, Superbugs and One 
Health  
 To establish surveillance labs for AMR in humans, animals, food, and environment in academia, 

research institutes and hospitals 
 To identify and screen priority pathogens and initiate bio banking of reference strains and novel 

strains 
 To study transmission dynamics of pathogens in medical setups and environments using one 

health approach  
 To initiate genome sequencing, molecular studies for identification and characterization of drug-

resistant pathogens  
 To develop panel of genes responsible for AMR for various categories such as humans, poultry, 

cattle and other animals, food and environment 
 To develop low-cost diagnostics kits for rapid on-site detection 
 To develop technologies for infection prevention and removal of antimicrobials from environment 
 To initiate drug repurposing studies for to combat AMR using Bioinformatics tools for alternative 

lead molecules  
 To develop an information portal for AMR surveillance and monitoring data in Gujarat  
 To organize workshops, trainings and awareness generation programs for microbial identification, 

antimicrobial susceptibility testing (AST), surveillance, transmission dynamics, epidemiology, 
bioinformatics, data harmonization and visualization, social sciences and medical audits  

 To partner in National and International AMR research programs seeking funding from national 
and international agencies 

 To develop State Action Plan on AMR in collaboration lien departments  

Activities of Lien Departments  
 Department of Animal husbandry is not directly involved in the research on AMR however. 

Department of animal husbandry had extended full support in terms of samples from farmers and 
veterinarians.    

 GPCB is not actively monitoring the AMR from effluents currently but GPCB has extended support 
in terms of sample collection from various industrial effluents and effluent treatment plants.  

 GMERS, Gandhinagar has suggested it would be great to implement this program in such a way 
that it directly helps public in terms. It was suggested to have an inclusive program involving grass 
root level workers instead of only research-oriented program.   

 GMS Surat suggested that there should be strict policy against the use of antimicrobial agents. It 
was also suggested to have few pilot studies for the implementation of program. 

 Suggestions from Kamdhenu University was also in favour of policy for antimicrobial drugs in both 
humans and animals. 
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Network Program Costing: Proposed Annual Budget 
 

1. Sectoral node: Cost per / Year [Except sequencing node] 
Manpower  Position Fellowship HRA Fellowship + HRA Annual INR In lacs  
1 RA 54000 10800 64800 777600 7.8 
1 JRF 35000 7000 42000 504000 5.0 
 Total (A) 12.8 
Cons. & Travel 

     
20 

Total (B) 32.8 
Overhead (C) 

     
3.3 

Total (A+B+C) 36.1 
 

2. Sequencing Node Cost /year No. Cost per run  Total Cost (INR) INR in lacs  
Capillary Sequencing  1000 3000 3000000 30 
Whole Genome  100 10000 1000000 10 
Microbiome  100 5000 500000 5 
Biobanking  1000 2000 2000000 20 
Manpower  

   
36 

        101 
 

3. Sector  Nodes (No.) Annual Cost (INR in Lakhs) 
Humans 4 144 
Animals 2 72 
Wildlife 2 72 
Marine 1 36 
Environment 2 72 
Bioinformatics  1 36 
Sequencing Node  2 200 
    632 
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