
Big	Data	Starts	Small:	Refocused	Global	AMR	Surveillance
Dr.	Paul	Turner,	Cambodia	Oxford	Medical	Research	Unit,	University	of	Oxford

www.webbertraining.com

Hosted	by	Jane	Barnett			jane@webbertraining.com
www.webbertraining.com

1

Big	data	starts	small:
refocused	global	AMR	surveillance

Paul	Turner
Clinical	Microbiologist

Cambodia	Oxford	Medical	Research	Unit
University	of	Oxford

Hosted	by	Jane	Barnett
jane@webbertraining.com

www.webbertraining.com May	25,	2022



Big	Data	Starts	Small:	Refocused	Global	AMR	Surveillance
Dr.	Paul	Turner,	Cambodia	Oxford	Medical	Research	Unit,	University	of	Oxford

www.webbertraining.com

Hosted	by	Jane	Barnett			jane@webbertraining.com
www.webbertraining.com

2

Why	do	human AMR	surveillance?

• To	estimate	burden	of	disease

• To	characterise	trends	in	space	and	time

• To	serve	as	benchmark	to	measure	the	impact	of	interventions

• To	provide	local	evidence	for	empiric	treatment	guidelines	and	
clinical	decision	making

4
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How	much	AMR	is	there	and	what	impact	
does	it	have?

O’Neill	report	(2016)

PLoS	Med.	2016;13(11):e1002184

7

Lancet	Infect	Dis.	2019;19(11):e392-e8
8
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Is	there	any	good	data?

• Recent	review	of	286	studies
• Mostly:
• High	income	countries
• Retrospective
• Single	centre
• Methodologically	sub-optimal

• Conclusion:
• Need better studies / data urgently
• Policy makers are unable to act 

until burden is clear

Clin	Microbiol Infect.	2021.	10.1016/j.cmi.2021.01.004
9

“…there	did	not	appear	to	be	an	impact	of	3GC-resistance	on	mortality	in	E.	
coli	or	K.	pneumoniae	BSI	in	African	hospitals,	as	compared with	susceptible	

BSI	with	equivalent	species”
10
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“We	estimate	that	43%	deaths	in	patients	with	hospital-
acquired	infection	due	to	MDR	bacteria	in	Thailand	in	2010	

represented	excess	mortality	caused	by	MDR”

Elife.	2016;5

11

This	is	a	step	in	the	right	direction

12



Big	Data	Starts	Small:	Refocused	Global	AMR	Surveillance
Dr.	Paul	Turner,	Cambodia	Oxford	Medical	Research	Unit,	University	of	Oxford

www.webbertraining.com

Hosted	by	Jane	Barnett			jane@webbertraining.com
www.webbertraining.com

7

Can	big	data	save	the	day?

13

My Global AMR Map

Funding	source:	Not	externally	funded
14
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My Global AMR Map

Funding	source:	Not	externally	funded

Find	some	microbiology	
data	on	the	web

Add	socioeconomic	data
+

Do	complicated	maths

Conclude:
• Lots	of	gaps	- we	should	do	more	surveillance
• Hard	to	interpret	the	data	- there	are	lots	of	biases
• Hard	to	determine	impact	of	AMR	– no	linked	clinical-lab	data
• Comparisons	between	countries	difficult	/	impossible
• Cannot	use	the	data	for	local	decision	making

15

Things	to	ponder	whilst	looking	at	an	AMR	map
• What	does	country	level	resistance	actually	mean?

• Community	acquired	versus	hospital	acquired	infections
• Mash	them	together	or	keep	separate?

• Sites	of	infection
• Adults	vs	Children	vs	Neonates
• Are	bugs	in	urine	the	same

as	those	in	blood	cultures?

• AMR	data	issues
• Data	quality	– more	coming	on	this
• Changes	in	breakpoints	over	time

• Fluoroquinolones	and	Enterobacterales
• Penicillin	and	Streptococcus	pneumoniae

• Equivalence	of	breakpoints
• CLSI	vs	EUCAST
• What	did	they	do	with	“I”?

16
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AMR	lab	data	quality…

J	Glob	Health.	2011;1(2):154-70

…there	are	issues	to	be	aware	of

17

Klebsiella	pneumoniae

Results	look	good?

“For	interpretation	of	AST	results,	CLSI	guideline	(version	X)	
was	followed”

• Nothing	to	worry	about	then…

• Keep	reading	the	CLSI	doc	until	page	218…

Is	this	an	isolated	issue	or	part	of	a	larger	quality	
management	problem? 18
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Staphylococcus	aureus

How	much	MRSA:	no	cefoxitin	/	oxacillin	results?
• Could	just	guess	from	the	imipenem	or	ceftriaxone	data?
• But	how	were	these	results	generated?

Ceftazidime	for	S.	aureus:	might	be	ok	2/3	of	the	time…really?

Are	these	isolated	issues	or	part	of	a	larger	quality	management	problem?

19

“Antimicrobial resistance is a complex issue and is widely 
considered to be getting worse. However, the quality of

the microbiology data that are being published to support 
this position could be substantially improved.”

“Continued,	non-standardised reporting	
of	clinical	microbiology	data	might	

impede	efforts	to	quantify	and	control	
antimicrobial	resistance.”

20
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MICRO	applied	at	scale

• Antimicrobial	resistance	patterns	in	bacteria	causing	febrile	illness	in	
Africa,	South	Asia	and	Southeast	Asia:	A	systematic	review	of	
published	aetiological studies	from	1980-2015

• 371	articles	from	39	countries

• Core	MICRO	checklist	items	scored
• No	study	scored	13/13
• Only	52%	reported	full	information
for	their	AST	method

Roberts	T	et	al.	Submitted
22
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Have	we	cracked	it	now?

Lancet.	2022:	doi.org/10.1016/S0140-6736(21)02724-0
23

The	data	sources

• Could	be	best	summarised	as	a	little	data	went	a	long	way	for	many	
locations
• Impressive	number	of	bacterial	isolates	/	outcome	data	overall	though

• Need	to	review	all	130	pages	of	supplementary	material	to	get	a	
complete	understanding	of	how	it	went	down…bring	your	own	
magnifying	glass:

24
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The	model…

DOhttps://doi.org/10.1016/S0140-6736(21)02724-0

…”is	complicated”

25

The	maps
Methicillin	R	
S.	aureus

3rd gen	cephalosporin	R	
E.	coli

3rd gen	cephalosporin	R	
K.	pneumoniae

26
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Antibiotic-level	results…some	interesting	things

Intrinsic	
resistance?

Major	
treatment	

drug

? ?

27

Limitations

CAI	versus	HAI	– could	not	split	out

Not	much	data	from	LMICs

AMR	data	not	standardised

Some	of	the	lab	data	may	not	have	been	great	quality

28
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Dame	Sally’s	take

https://www.flemingfund.org/
29

What	does	GRAM	leave	us	with?

• A	better	sense	of	the	magnitude	of	the	problem	and	can	use	this	to	
encourage	urgent	high-level	action
• Prioritise	antimicrobial	drug	development
• Invest	in	better	diagnostics
• Work	up	and	test	interventions

• A	need	to	fill	in	the	massive	national	and	local	data	gaps

30
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Why	are	we	really	doing	AMR	surveillance?

To	ensure	that	patients	
with	bacterial	infections	
can	be	treated	effectively

32
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Something	odd?

How	do	I	
treat	Bob’s	

UTI?

Hospital	X

The	World

33

Treatment	guideline
development
• Complicated
• Multiple	possible	pathogens
• Syndrome	specific	considerations
• Wide	variations	in	AST	prevalence

34
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Better	local	clinical	surveillance
(in	LMICs)

39

What	tools	are	needed
• Money

• Good	microbiology
• Several	excellent	capacity	building	initiatives	on-going
• Important	to	connect	labs	to	clinical	services

• Human	resources
• Clinical	staff	require	support	to	use	microbiology	effectively
• In	the	absence	of	fully	electronic	patient,	pharmacy,	and	lab	information	systems	surveillance	takes	time	and	

requires	effort

• Case	definitions
• That	are	simple	and	do	not	require	serial	bloods	/	radiology

• IT	infrastructure

Lancet	Infect	Dis.	2018;18(8):e248-e58.
40
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What	tools	are	needed

41

What	tools	are	needed
• Money

• Good	microbiology
• Several	excellent	capacity	building	initiatives	on-going
• Important	to	connect	labs	to	clinical	services

• Human	resources
• Clinical	staff	require	support	to	use	microbiology	effectively
• In	the	absence	of	fully	electronic	patient,	pharmacy,	and	lab	information	systems	surveillance	takes	time	and	

requires	effort

• Case	definitions
• That	are	simple	and	do	not	require	serial	bloods	/	radiology

• IT	infrastructure

42
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Better	AMR	surveillance	IT	tools

Patient with 
suspected infection 

Culture of clinical 
specimens 

Results reporting via 
LIMS 

Patient outcome Other investigations 
to confirm infection 

syndrome, e.g. CXR 

Empiric antibiotic 
treatment 

Definitive antibiotic 
treatment 

Collation of local AMR 
data 

Local antibiotic 
treatment guideline 

Laboratory work 

Collation of national 
AMR data 

National AMR 
situation report 

Transfer of data to 
WHO GLASS 

Global AMR situation 
report 

National antibiotic 
treatment guideline 

Transfer of data to 
national centre 

Specimen 
reception 

Microscopy Culture Organism identification Antimicrobial 
susceptibility testing 

Preliminary report Final report Interim report(s) 

Organism #3 

Organism #2 

Organism #1 

Contaminant 
(discarded) 

Lancet	Infect	Dis.	2021; 10.1016/s1473-3099(20)30835-5 BMJ.	2017;358:j3781

• Lack	of	IT	infrastructure	is	often	cited	as	
a	barrier	to	comprehensive	AMR	
surveillance	and	antibiotic	usage	
stewardship	programmes	in	LMICs

• Few	open	access	software	options	that	
might	support	an	IT	infrastructure	for	
AMR	surveillance	are	available

43

SEDRI-LIMS
• Open-source	laboratory	

information	system

• Progressive	web	app
• Works	on	tablets,	laptops,	

workstations

• Laptop,	local	server,	cloud-based

• Microbiology	focused
• User-friendly
• Flexible
• Interoperability	built	in

• Coming	soon

44
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Better	AMR	data
analysis	tools

Clinical	data	analysis?
• Guideline	development
• Outcomes	/	Risk	factors 45

Joining	up	clinical	and	lab	data…
and	putting	in	the	hands	of	local	clinicians

AMASS
• Automated	reports	using	
existing	hospital	data

ACORN
• Prospective	pragmatic	clinical	
surveillance

J	Med	Internet	Res.	2020;22(10):e19762. www.acornamr.net
46



Big	Data	Starts	Small:	Refocused	Global	AMR	Surveillance
Dr.	Paul	Turner,	Cambodia	Oxford	Medical	Research	Unit,	University	of	Oxford

www.webbertraining.com

Hosted	by	Jane	Barnett			jane@webbertraining.com
www.webbertraining.com

24

47

ACORN	surveillance	work	flow

48
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The	ACORN	Dashboard
• Real-time	flexible	data	access
• Online	and	offline

Give	it	a	try
• Fully	functional	online	demo
• https://moru.shinyapps.io/acorn2/

49

Useful	AMR	data	summaries

50
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It’s	your	data…what	do	you	want	to	know?

Filter	clinical	and	lab	data	to	generate	the	summary	that	you	need

All	data	and	graphs	are	immediately	downloadable	for	incorporation	into	PowerPoint	slides	and	reports

51

A	word	about	genomes

• Clearly	have	the	potential	to	add	considerable	value	to	AMR	
surveillance	efforts

• Key	issues	to	resolve
• Scope	of	WGS-based	surveillance
• Discordances	between	phenotypic	and	genotypic	AMR	data
• Decentralisation	to	ensure	clinical	utility	is	not	lost

• Cost	and	logistics	issues	are	challenging
• Access	to	easy-to-use	surveillance-appropriate	bioinformatics	tools

• Pathogenwatch	/	CGE-DTU	(online)	and	FlowCraft	/	Bactopia (local)	are	all	available	now

52
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Clinical	data	is	not	the	meta-data:	it	is	THE	data

The	genome	is	the	meta-data

Genomes	are	often	irrelevant	unless	
there	is	clinical	data	to	make	them	useful

Nat	Genet.	2014;46(3):305-9
53

To	sum	up…
• Generation	and	interpretation	of	AMR	burden	data	is	
complicated

• There	are	still	large	data	(+	data	quality)	and	knowledge	gaps

• Data	management	is	a	major	road	block	to	progress
• Urgently	need	better	LIMS	and	IT	infrastructure	to	support	this
• User	friendly	analysis	tools	would	unlock	local	data	use

• Not	enough	attention	is	being	paid	to	local	use	of	data

• More	focus	on	the	local	situation	will	improve	uptake	and	
usefulness	of	global	surveillance
• If	we	don’t	get	the	site	level	data	sorted,	then	the	global	data	will	be	wrong	

anyway 54
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Thanks	for	listening:
any	questions?

55
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