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Antimicrobiwal Resistance

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

Antimicrobials — including antibiotics, antivirals, antifungals and antiparasitic — are medicines used to prevent and treat infections in humans,
animals and plants.

L —

The important antimicrobial bacteria ESKAPE, encompassing Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and other Enterobacter species.

L —

RDOD HEALTH
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Without effective antimicrobials, the success of modern
medicine in treating infections, including during major
surgery and cancer chemotherapy, would be at
increased risk.
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AMR could push 28.3 million people could be pushed into
extreme poverty by 2050 due to high costs of treatment
and chronic infections & will loss 4% of GDP.

WHO has declared that AMR is one of the top 10 global
public health threats facing humanity.




‘Evidences of mutation to superbug’

Resistance
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Connection from consumption of antibiotics to creation of superbug
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— PRODUCTION OF ANTIBIOTICS
l * In the fiscal year of 2018-2019 India exported antibiotic

ingredients and medicines for a value of 2.4 billion USD,

GROUND WATER & WATER SOURCES ﬂ compared to 268 million USD in 1996—-1997.
* In 2015, study found the polluted lakes harbored
considerably high proportion of ciprofloxacin resistant
= =% Resistant bacteria flow in reverse direction and sulfamethoxazole- resistant bacteria. About 80-90%
= Antibiotics flow from consumption to environment of the world’s antibiotics are made in factories in India

and China. 6
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The thoughtless person playing with penicillin
treatment is morally responsible for the death of
the man who succumbs to infection with the
penicillin-resistant organism.”

Alexander Fleming

PRIMARY OBJECTIVE

To study the surveillance system in India for Antimicrobial
resistance and fill the gaps with proposed solution.

SECONDARY OBJECTIVES

To estimate the burden of antimicrobial resistance across globe.

To define & describe the NARS-Net and ICMR surveillance
network and the necessary finding on AMR in India.

To conduct SWOT analysis for gaps in the surveillance system.

To propose solution to strengthen the surveillance of AMR using
current network in India.
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METHODOLOGY

This is a secondary research paper that rely on the
analysis of data collected from the web

& . RESEARCH DESIGN sources(PubMed, Google scholar, WHO and ICMR &
@0 NCDC reports)

The data for the study is collected from web based and
WHO website and ICMR reports. Also, to drive to an
DATA COLLECTION 'y‘\‘ integrated solution after analysis.

"»

Tools used are Draw io, MS-Excel, Power BI.

DATA ANALYSIS

W

Antimicrobial resistance, surveillance, AMR detection &
SEARCH TERMS QUQ Antibiotic susceptibility testing, AMRSS and India
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The dashboard depicts:

1.
2.
3.

By 2050 AMR will surpass all other disease condition and will cause 10million death across the globe.

Sub-Saharan region have presently the highest deaths associated with resistance followed by South Asian countries.

Presently, 700000 deaths are caused BY AMR. Among them 200000 are among under 5yrs which even have highest consumption
of antimicrobials. Acinetobacter baumanii have highest resistance rate.







Key findings on Burden of Antimicrobial resistance globally

There were an estimated 4-95 million (3:62-6-57) deaths associated with bacterial AMR in 2019, including 1:27 million (95%
Ul 0-911-1-71) deaths attributable to bacterial AMR. Death rate attributable to resistance to be highest in western sub-

Saharan Africa.

The six leading pathogens for deaths associated with resistance (Escherichia coli, followed by Staphylococcus aureus,
Klebsiella pneumoniae, Streptococcus pneumoniae, Acinetobacter baumannii, and Pseudomonas aeruginosa) were
responsible for 929000 deaths attributable to AMR and 3-57 million associated with AMR in 2019.

Carbapenem-resistant A baumannii, we estimated that it was the fourth leading pathogen-drug combination
globally for 2019, responsible for slightly fewer deaths than third-generation cephalosporin-resistant E coli.







GLASS

GLASS — Global Antimicrobial Resistance Surveillance System

COUNTRIES ENROLLED IN GLASS 2021

33 are enrolled in AMR &AMC whereas, Montanergo,
Mongolia & Sudan only for AMC

WHONET is the free software used contain 36
languages (Data entry, capture and analysis)

Not Ehrolled

GLASS-AMR . |
GLASS-AMR GLASS-AMC

AMR = Antimicrobial resistance GLASS-AMC

AMC= Antimicrobial consumption 14



‘Entire surveillance breakup’ for human and animals

SS(AH) || SS(AH) || SS(AH)
1 2 3

National Ref. Lab with .
c D WHONET software A LUCLEL G e °

SS 1 SS 2 SS 3 SS (Envt) 1

National Technical working group

!

Policy Makers < AMR Contamination & Coordination Committees
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Journey from regional centers to International level reports

[Antimicrobial agent = CLSI susceptibility
(n° of strains) breakpoint (mg/L)
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Patient Infection Laboratory test to identify Antibiotic Disk test takes 48 hrs :
Cause etc. susceptibility test Result derived according to CLSI scale in
WHONET
v
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_ Nodal officer sign and send %
Data Analysis on to central body before 15t of _ _
country data s e Quarterly the data is stored Data is stored with center
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Action could be taken
Report Send to GLASS & for research studies based on findings




WHONET

WHONET- core of the surveillance

Software process flow

Descrption of
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NCDC is the coordinating center for AMR in India (NARS-Net)
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Seven pathogen under nodal centers

NCDC AMR surveillance network (NARS-Net)
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1. Staphylococcus aureus
2. Enterococcus species

3. Escherichia coli

4. Klebsiella species

5. Pseudomonas species

6. Acinetobacter species

7. Salmonella enterica serotype Typhi and Paratyphi

Silvassa. Dedn & Nagar Huve

2021 REPORTS WITH N ~ 87,996

Awareness by IEC

Strengthening knowledge, evidence by AMR surveillance

IPC guidelines AIIMS-ICMR-NCDC-CDC

Optimization of antibiotics by CDSCO regulation

Research & Innovation

Strengthening collaboration at all levels

* National action plan - NAP




India’s AMR Surveillance Infrastructure- ICMR

ICMR labs and Surveillance network Seven pathogen under nodal centers
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Regional centers (R()

SGRH, New Delhi

MGIMS, Wardha

Apollo hospital. Chennai

P.D. Hinduja Hospital, Mumbai

AFMC, Pune

AIIMS Bhopal

LTMMC&GH, Mumbai

TMC, Kolkata

Ol | <] o] W] de]| | r| e

AMC, Dibrugarh
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IPGMER. Kolkata
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SKIMS, Srinagar
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AIIMS, Jodhpur

—
o

RIMS, Imphal
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NIMS, Hyderabad
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KGMU, Lucknow
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KMC, Manipal
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AIIMS Trauma Center, New Delhi

—
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Artemis Hospital Gurgaon

[
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Fortis Hospital, Gurgaon and Mohali

[
o

SRL labs

@ Nodal Centers

* Enterobacterales causing sepsis (PGIMER, Chandigarh)

*  Gram-negative non-fermenters (CMC Vellore)

*  Gram-positives: staphylococci and enterococci, (JIPMER,
Puducherry)

* Typhoidal Salmonella (AIIMS New Delhi)

* Diarrhoeagenic bacterial organisms (CMC Vellore)

*  Fungal pathogens (PGIMER, Chandigarh)

* Streptococcus pneumoniae (CMC Vellore)

2021 REPORTS WITH N ~1LAKHS

SOP, Training, External Quality assurance
& Analysis of national data along with
standardization.

Isolate, Identify, AMST
and Store microbes

Role and responsibilities




ICMR surveillance network

ICMR's Antimicrobial Resistance
+ ﬂ Surveillance System (Web-Based) Statistics to various Stakeholders
Web-based system collecting daca from
ses Tertiary Care Centers

B

- ICMR's Data Imporc App

Web-based API sending LIS/HIS dawa

o one stop AMR daca repository

(R 220 B2 )
dvdisaam
RN

ata shared with server
on compliance (patient
evel or cumulative)

i
]

One stop AMR
data Repository

047

E E ]Standalonc system collecting daca from =)
all labs (PHC's) across the country

2 ICMR's Antimicrobial Resistance
| Surveillance System (Standalone)
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HOSPITAL ACQUIRED ANTIBIOTICS for CLABSI & Susceptibility
INFECTION REPORT 2021 ® Sum of Acinetobacter baumannii  Sum of E.coli @ Sum of Kiebsiella Pnenmoniae

BSI rates by Organisms
0.086 (8.6%)
0.181 (18.1%)

0.733 (73-3%)

S o SEinG - ANTIBIOTICS for UTI & susceptibility

Organisms ® Gram negative
® Sum of Acinetobacter baumannii... Sum of E.coli 2 @ Sum of Klebsiella Pneu...

BSI by Gram negative

~

j Report 2021, Page 1
1= 23 1N o

N nrdat=r on

Report 2021 of ICMR captured BSI and genomic data. Gram negative bacteria are highly prominent among which
Klebsiella are the major. Colistin is toxic but its susceptibility is great among other medicine for UTI whereas

Meropenem and Imipenem is less for CLABSI.




Pathogen and their resistance %

m Key findings

Organisms found Wardwise
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M Escherichia coli Klebsiella pneumoniae

Acinetobacter baumannii = Pseudomonas aeruginosa

Bacteria trends since 2016 to

2021

e=@==Year-2016 (%) ==@=Year-2021 (%)

/1. E.coli is most found among all the \

samples.

2. Imipenem susceptibility of E. coli has
dropped steadily from 86% in 2016 to 64% in
2021

3. Resistance to carbapenems in
Acinetobacter baumannii was recorded as

87.5% in the year 2021

)

S% for E.coli

B Year-2016 M Year-2021

S% for K. Pneumonia

M Year-2016 M Year-2021

S% for A. Baumanii

Levofloxacin |
Minocycline
Amikacin |-
Collstlp o
Meropenem  Dmmm
Imipenem |
Ceftazidime |iam
Cefepime |
Piperacillin- tazobactam |

0 50 100 150
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SWOT

SWOT Analysis for Indian AMRSS*

Priority pathogen data recorded. * Population covered is very less.

Ward wise data collection * Sampling bias ( tertiary population)
Genotypic study done and HAIl also * Patchy infrastructure(NARS-Net & ICMR)
included since 2021 * Non availability of antibiotic consumption

Free software WHONET used to 4 data

maintain standardization g,ﬁ * Do not have enough data on Animal
Specific nodal centers for specific /%:P surveillance (one health approach)
organism S * Silodata

* Lack of central repository on data

* Strengthen molecular studies. * Over the counter tracking of antibiotics

* Usage of analysis in generating )8 have no record.
treatment guidelines specifically for O,? e Data privacy and security issues.
the country. }04/ * Treatment guidelines are based on
/7} foreign research instead of focusing on

our inheritance.

24

*Antimicrobial resistance surveillance system



Cases presented during ‘ICMR webinar on innovations’

CASES

Total number of organisms ve)
(N - 3474)

[ ll

Ciram Positive
GIUINR 1)

Cirm Negutive
2. 848(73.3)

ried

Fungi
297(8.6)

MUST HAVE KNOWLEDGE OF LOCAL ENVIRONMENT

This was a case of patient suffering septic shock, was already a cancer patient. He was given Vancomycin
and Meropenum as per international guidelines on susceptible organisms. But rather in Indian context
HAI(BSI) 3/4™ causative agents being gram negative bacteria.

The case where LRTI is mostly
caused by Acinetobacter baumanni
accordingly treatment to be

_—_—1

I 1. Klobxiolla spp.:
LERTREN I
2, Acingtobacter baumannii®
T3N(29.1) t

1. Enterococcus sp.:
JA2(84.0)

2. Swphylococcus
SHureus - 268(42.1)

1.Candida spp.:
290(927.6)
=2, Trichosporan spp,:

3. Preudomonas wp.:

6(2.0)
3. Streplococcus sp.. 225(H.8) I 3. Yeaxt: 1(0,3)
e 2t ey planned.
;."l:.(n‘:.ezr;)bauwr ap I
6. Others: 321(12,6) TREATMENT GUIDLINES

—

Organism

Escherichio coll

13629/95728

Rlnod LAY

1096/ 1698 _1338,;.,llbr740

£2: Isolation distribution of top 10 iselates from different specimens

Superficial
Infection
3909/1%87

Deep
Infection

1911/8125

B74/2767

Urine

10096/19314

Faeces

0/651

Kiehsiella

Look at the site of culture.
If the organism is relevant than scrutinize the susceptibility report and MIC
CHOOSE ANTIBIOTICS based on efficacy against pathogen
Example:
e Oxacillin if found resistant i.e the organism is MRSA

* Staphylococcus Aureus will not be tackled by Ciprofloxacin even if found susceptible.

-----

Acimet
baumannii

ouress

Enterorocous
Joecium

Enferogocous
foecalis

Enterohacter
doscoe
Proteus
mirahilés

Enterorneus
PR

(247 (163) { el @5 | @34 | (323)
1721695728 | 3271898 | 423816746 | 2952/15587 | LS/B1Z5 | 520/2787 | 0/65!1 | 3583/19319
(18) (172 (283) (15p (14.3) (187) (0) (185
1239395728 | 2508/1698 | 5088/16746 | 1945/M567 7528125 | 3122787 | 0/631 | 415/1931%
(128) (132) (304) (9; (93) (112 | (0 [2)
162295728 | 1336/1888 | 329116746 | 3066/M587 | 105/B125 | 244/2787 | 0/63) | 13%/19314
{121 (7) (197) (15§) (124) (86) 0 (12)
B82795728 _EWTWW,;JHT 1663/B125 | 109/2767 | 0/651 | 230/19319
(92) (85) (42) (19) (192) [29) (0) (12
2422/95728 | T00/18960 | 20/16746 | A02/19587 | 109/8125 | 124/2787 | 0/651 | 810/19319
(25) 371 @) (1) (13) (44) (0) {42
WTIO5TIR | ATY/I8988 | 14/16746 | 46/19587 | 129/B125 | 66/2787 | 0/631 | 87119319
(25) (25) 013 (28) (L6) 24) 0) (45)
164495728 | 356/18980 | 18216746 | 462/1%567 | 217/B125 | 402787 | 07631 | 206/19319
1 (8 L oy | @4 | @) | (4 | O | ()
161195728 ‘ T1/18%88 | 91/16746 | 607/19587 | 350/B12S | 35/2787 | 0651 | 286/19319
(L7) (04) (05) (34) (43) (13) (0) (L5)
852/%728 | 160/18960 | 3116746 | 124019587 | 71125 | 6772787 | 0/651 | 257719319
(09) (08) [22) (04) (09) (24) o | 13
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Public health surveillance system 2035 - VISION

“ Architecture of Public health surveillance 2035

Program
Governance

S
&
%,
S
(4

Information for Action E&

National

State Inform.cion for Action

Plant & Animal Disease Statistics w el
Environmental Health Indicatoes

Survelllance Information Platform

Apex Laboratories System

National Programs:
NACP/NTEP/IDSP

Occupational Health &
injury Surveillance

Privata Insurance & Govt.

%

Hniflad = Masith Darmesd

ELECTRONIC HEALTH RECORD &
ELECTRONIC MEDICAL RECORD

’ - Speaial Studies

- National Surveys
Heaith Portal

My Health App

Heaith Digi Locker

*

UHID

Hospital Management Information System

(e-Hospital)

0o

Assurance Schemes data
Public
-HWC - PHC
-CHC -MC

- DH

Health Facilities

Private

Hospitals
+ Clinics

Citizens

Central Government

Defence -+ Railways &
- ESIC

Enumeration
UHID

o FLW

FLW: Front-Line Worker, HWC: Health and Wellness Centre, DH: District Hospital, CHC: Community Health Centre,
MC: Medical Colleges, PHC: Primary Health Centre, ESIC: Employees State Insurance Corporation.

Electronic health record with UHID will create a single platform for
all kind of surveillance.

* Predictive system

* Performance management

* Analysis by researcher

* Automated system that send alerts

Chinienl lnk % I.'.‘.lml
prositive resulis 0 -
LARS . Dntn
b Labaratary Infarmation . NErver vinumlization
= managsment system "
Cloud deta I ‘
wxchonge Data
platform valldation — . '| t Woeolbs-banod
y
e Y amne .
Honpital X norver A (.;i.l_'.gl“_)
Infarmmtion v @ ——— o
(AL AN L AL
S b Hlectronic
medical recard Cane iInvestigation
Feadback laboratory diangnouis
N ‘J
2
W\ £
Physicinng Infection cantrol
health care warkers

‘Taiwan’ depicts the best example for centralized repository
by maintaining data confidentiality with use of masking of
data. The information tracked is used to carry out analysis.
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How can technology help...depiction through wireframe

PROBLEMS: 1. Antibiotic consumption data not available

2. Geographical data not available

3. Lack of drug repository

ABHA ID

Medical
history

Medicine
history

Antibiotics
Consumed

-Amikacin
-Penicillin
-Gentamycin

K Antibiotic consumption /

1.We can have an app to track the antibiotics consumption history.
2.The application is linked with ABHA and hence can provide

geographical data and other demographic details.
3.Doctors can take decision too or CDSS can be integrated to send

alerts.

Integrated disease surveillance

programme/ ABHA
Geographical data

* Real time data disease
based can provide data on

-

\

Technology for guidance:

CDSS
Antibiogram at
hospital level

~

/

Pharmacovigilance

Program network

* Track resistance

* Track treatment
based on resistance

\ /

N

/

-

‘Track and tracing’
quality of drugs based
on barcode.

Diagnostic innovation

~

)
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Discussion & Conclusion

DISCUSSION CONCLUSION

1. The study highlights that AMR is at rise and hence
need better digital application at hospital level
and national level to track before it is over the

1. AMR burden is heavy in India. We need to work
to tackle the situation.
2. Among all the countries the South Asian

countries are carry load of AMR, India is at >50% head.
burden for many microbes. 5 LS and HIS - te the data f tional
3. NARS-NET and ICMR surveillance network ' benaer;it can integrate the data for nationa

capturing the data on resistance for India.

4. The SWOT analysis shows how silo the structure 3 Al o thi 1 tools to di "
is and need the PHC and LIS &HIS covered. - Along Wi IS we needa tools to diagnose the

5. Antibiogram and CDSS are some of the resistance without consuming time.

technological aspects. The centralised repository
is the need of the hour.




DISSERTATION EXPERIENCE

*  Learning atmosphere

*  Variety of Projects
*  Experienced simulation
Motivating interactive session

Very well mentored by the team members

Great learning from everyone | worked with.

Technical skills developed
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