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WHO	Priority	Pathogens	List	(PPL)	- 2017

CRITICAL HIGH MEDIUM
Acinetobacter baumannii,	carbapenem-
resistant

Enterococcus	faecium, vancomycin-resistant Streptococcus pneumoniae,	penicillin-non-
susceptible

Pseudomonas aeruginosa,	carbapenem-
resistant

Staphylococcus	aureus,	methicillin-resistant,
vancomycin intermediate	resistant

Haemophilus influenzae,	ampicillin-
resistant

Enterobacteriaceae*,	carbapenem-resistant,
3rd generation	cephalosporin-resistant

Neisseria	gonorrhoeae,	3rd generation	
cephalosporin-resistant,	fluoroquinolone-
resistant

Shigella, fluoroquinolone-resistant

*	Enterobacteriaceae include:	Klebsiella
pneumonia,	Escherichia	coli,	Enterobacter
spp.,	Serratia spp.,
Proteus	spp.,	and	Providencia spp,	Morganella
spp

Campylobacter,	fluoroquinolone-resistant
ACCORDING TO	THE	STUDY,	MTB	IS	ON	

THE	PRIORITY	FOR	NEW	DRUG	DISCOVERY	
AND	DEVELOPMENT

Salmonella,	fluoroquinolone-resistant

Helicobacter pylori,	clarithromycin-resistant

http://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf?ua=1
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Antimicrobial	resistance	occurs	when	microorganisms	such	as	

bacteria,	viruses,	fungi	and	parasites	change	in	ways	that	render	the	

medications used	to	cure	the	infections	they	cause	ineffective.	

When	the	microorganisms	become	resistant	to	most	antimicrobials	

they	are	often	referred	to	as	“superbugs”.
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https://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwifiOiPqMDqAhXJxTgGHanwAPMQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.cmaj.ca%2Fcontent%2F180%2F4%2F408%2Ftab-figures-data&psig=AOvVaw36qc4E5LvmsYs2UMdUTib2&ust=1594388842796509

Antibiotic	Resistance
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A cinematic approach to drug resistance – Harvard Gazette

https://news.harvard.edu/gazette/story/2016/09/a-cinematic-approach-to-drug-resistance/

E.	coli	appear	as	white	on	the	black	background

2’

4’

Bacteria	spread	as	they	evolve

Increasing	concentration	of	antibiotics	towards	the	center

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5534434/

An	experimental	device	for	studying	microbial	evolution	in	a	spatially	
structured	environment

Microbial	Evolution	and	Growth	Arena	(MEGA)	plate
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https://adailydeed.wordpress.com/tag/antibiotic-resistance/

Drug	Resistance	Mechanisms
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Timeline	showing	discovery	of	antibiotics,	year	of	introduction	and	
observation	of	resistance

Ø Discovery	of	antibiotics	is	rapidly	followed	by	emergence	of	resistance	against	them.
Ø Continuing	improvements	are	being	made	for	discovery	of	new	antimicrobial	agents	but	are	outpaced	by	emerging	and	

re-emerging	drug	resistant	infectious	disease	agents.

PMC3911012,	PMC4378521
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Sixty-eight	World	Health	Assembly	in	May	2015 endorsed	a	
global	action	plan	to	tackle	antimicrobial	resistance

1

2

34

5



CSIR-IMTECH

Culture	remains	the	gold	standard	for	diagnosis	of	the	Pathogen
So	what	is	wrong?

• As	culture	takes	time	– empirical	based	approach	is	used	for	diagnosis	and	prescription	
(broad-spectrum	antibiotics	are	prescribed	to	cover	as	many	pathogens)

• Leads	to	overtreatment	or	not	the	right	treatment

• Impacts	the	emergence	of	antimicrobial	resistance

• <60%	sensitive;	biological	sample	has	low	number	of	pathogens

• Complex	etiology	of	conditions	like	sepsis	makes	it	even	more	challenging	- 90–95%	of	
blood	cultures	remain	negative	in	immunocompromised patients	suspected	of	infection;	
even	in	the	cases	where	bacterial	or	fungal	sepsis	is	likely
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Sites	of	Infection

Sepsis	is	a	systematic	
inflammatory	response	
caused	by	infection

DeNIS Study
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Suspected	primary	
pathogens	in	septic	shock
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The	Need	for	Rapid	Diagnosis

https://pubmed.ncbi.nlm.nih.gov/16625125/
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Need	a	method	that:
• Non	culturable pathogen	detection

• Can	detect	an	entire	range	of	pathogens

• Comprehensive

• Sensitive

• Specific

• Rapid

• Works	with	dead	or	live	pathogen

• Differentiate	between	pathogen	and	human	cells
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• Identify	unculturable pathogens

• Distinguish	between	different	pathogen	strains

• Detect	new	drug	resistance	determinants,	e.g.	detection	of	mecC in	S.	aureus*

• Rapid with	extreme	accuracy,	->	better-informed	treatment	decisions

• Sequence	data	can	be	used	to	develop	specific	primers	for	PCR-based	assays

• to	provide	more	complete	sequence	information	and	

• to	develop	other	specific	field	tests – specific	genotype	based

What	sequencing	based	methods	can	offer?

*https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3989053/



CSIR-IMTECH

• The	Sanger	method	has	limited	sensitivity	for	minor	variants	when	present	at	<15%	to	
20%	of	the	viral	population,	whereas	NGS	methods	can	detect	drug-resistant	
mutations	(DRMs)	present	at	approximately	1%

• The	presence	of	such	variants	has	been	shown	to	predict	an	increased	risk	for	therapy	
failure

• At	least	half	of	the	DRMs	identified	by	NGS	are	missed	by	Sanger	sequencing

Traditional	vs Next	Generation	Sequencing	Platforms	in	Clinical	Microbiology
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Cannot	determine	new	pathogens	or

New	antimicrobial	resistance	genes

Not	comprehensive
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Comprehensive

Can	help	in	detecting	novel	AMR	genes
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Nanopore	- MinIon

From	bench	to	bedside	– Point	of	care	sequencing	- promise
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Companies	which	are	pushing	the	boundaries	of	PoC with	NGS	in	IDD
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A	few	databases	and	tools	for	DR	
determinant

List	is	not	comprehensive
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Lets	know	more	about	this	study:
1. A	total	of	10,209	isolates	were	analyzed.

2. Resistance	to	isoniazid,	rifampin,	ethambutol,	and	pyrazinamide	was	correctly	predicted	
with	97.1%,	97.5%,	94.6%,	and	91.3%	sensitivity,	respectively

3. Susceptibility	to	these	drugs	was	correctly	predicted	with	99.0%,	98.8%,	93.6%,	and	96.8%	
specificity.	

1. Among	the	4037	phenotypic	profiles	that	were	predicted	to	be	pansusceptible,	3952	
(97.9%)	were	correctly	predicted.

Susceptibility	is	predicted	with	higher	accuracy

Clinical	correlation	of	resistance	phenotype	is	a	limiting	factor!!
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Modes	of	action	of	first-and	second-line	anti-TB	drugs,	mechanisms	of	drug	
resistance	and	mutation	frequency	for	each	gene	in	clinical	Mtb isolates
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In	Greek,	pan	means	‘whole’

Strains	of	a	bacterial	species	

might	differ	substantially	in	

their	gene	content	and	total	

gene	pool	of	a	species	might	

be	orders	of	magnitudes	

larger	than	the	gene	content	

of	any	single	strain
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This image cannot currently be displayed.

The	core	genes	are	responsible	for	basic	aspects	of	the	biology	of	the	species	and	its	major	
phenotypic	traits;	

The	accessory	genes	and	singletons	usually	pertain	to	supplementary	biochemical	
pathways	and	functions	that	may	confer	selective	advantages	such	as	ecological	
adaptation,	virulence	mechanisms,	antibiotic	resistance,	or	colonization	of	a	new	host.
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The	dataset	– Genome	IDs	with	Drug	Sensitivity	Profiling
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Illustration	of	multi-layered	analysis	workflow
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Known	AMR	genes	uncovered	by	machine	learning
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Newly	proposed	AMR	genes
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mothur	does	not	include	taxonomic	annotations	at	the	species	
level.	
For	the	QIIME	integrated	databases,	less	than	7%	of	Greengenes	
sequences	and
less	than	45%	of	SILVA	sequences	are	annotated	at	the	species	
level.

~83K	complete	microbial	genomes,	including	50K	distinct	
bacterial	genomes,	27K	viral	genomes,	and	hundreds	of	archaeal	
and	eukaryotic	genomes.

KrakenUniq	- NCBI	Taxonomy	IDs	- hundreds	of	strains	share	the	
same	taxonomy	ID

These	two	analytical	approaches	are	
conceptually	different	and	can	lead	to	
different	results.

PLoS One. 2017 Jan 4;12(1):e0169563

Identification	of	strains	from	metagenome sequencing
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• Clinical	metagenomics (CMg)	refers	to	the	concept	of	sequencing	the	DNA	of	a	clinical	
sample	(without	any	prior	culturing	step)	with	the	purpose	of	recovering	clinical	
information

• Enable	the	detection	of	pathogens	and	of	some	antibiotic	resistance	genes	(ARGs)

Knowledge	of	the	full	drug	susceptibility	profile	would	enable	tailored	treatment	to	improve	
efficacy	and	reduce	exposure	to	ineffective	toxic	drugs

• “Salvage	microbiology”	is	a	term	used	for	the	application	of	molecular	diagnostic	

techniques	in	the	detection	of	bacterial	DNA	directly	from	clinical	specimens
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DNA	sequencing	as	the	new	microscope

• It	has	been	about	400	years	since	the	invention	of	light	microscopy,	a	technology	which	

continues	to	be	used	and	to	evolve.	

• It	has	been	only	40	years	since	the	invention	of	DNA	sequencing;	the	technologies and	likely	

to	also	continue	to	develop	in	the	coming	decades	and	centuries.	

• It	has	transformed	biomedical	research,	and	is	beginning	to	transform	clinical	medicine

• DNA	sequencing	will	have	a	longevity	and	impact	on	par	with	or	exceeding	that	of	the	

microscope.

doi:10.1038/nature24286
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Open	Antimicrobial	Resistance	Awareness	Drive
Abot – knowledge	repository	for	education	&	awareness	

on	AMR
A	Games	on	education	&	awareness	on	AMR

https://freshdesk.com/help-desk-software/chatbot-conversations-dos-donts-blog/

• Game	Designer	/	creative	skills
• Gamers
• Coders

• Bot	learning
• Structured	knowledgebase
• Outreach

A"Chatbot"will"guide"the"
Players"on"the"most"viable"
treatment"op8ons"

Basic!–!Treat!drug!
suscep.ble!cases!
Advanced!–!Treat!
drug!resistance!cases!
Faster.cure.is.the.
winning.bet.
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Playtest	and	Feedback	
Sessions	with	Aryabot



CSIR-IMTECH

https://slideplayer.com/slide/4685976/

How	do	we	
convey	the	
same	in	a	

video	game?
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Game	specifics	
are	based	on	

AWaRe

Initial	game	levels	cannot	
unlock	antibiotics	in	Watch	/	
Reserve	categories

In	order	to	unlock	these,	the	
players	should	accumulate	
points	in	earlier	layers	by	
assigning	right	antibiotic	for	
the	pathogens



CSIR-IMTECH

2009 2013 2014 20162015 2017----2019/202010 20122011

MPDSTB

Systems	level	modeling	for	identification	of	
drug	targets	for	gram	negatives

Drug	Repurposing	through	Network-Based	
Inference

SSCUE

E-MiDAS

Identification	of	Clinically	actionable	
variants	in	case	of	mt diseases	–
applicable	to	complex	diseases

Community	Collaborative	Projects	– Crowdsourcing	@	work

PMID:	19683474

PMID:	19758471	

PMID:	21782516
PMID:	22808064

PMID:	23585830

PMID:	23629487

PMID:	24434286

PMID:	25304862	

PMID:	25360160	

PMID:	26244889

PMID:	26912180

PMID:	26180633

doi.org/10.1007/s12039-017-
1268-4

PMID:	29785561
RepTB
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Worked	with	over	500	students	on	several	genomics		and	drug	discovery	projects
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dPABBs:	A	Novel	in	silico Approach	for	Predicting	and	
Designing	Anti-biofilm Peptides
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Individual	Competence	to	Team	Delivery

And	more…
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AB-OpenLab – India & France

anshu@imtech.res.in
anshu.bhardwaj
@anshub

• OSDD	Community
• JOGL
• LWB


