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This talk

* What is catastrophic antibiotic reastz@gg

» Are we there yet?

—If so, can we reve @&pro%ﬂuaﬂon’?

* Note: @
eis global and not just in developing countries
@cover only bacterial antibiotic resistance (not TB)



Even developed countries are still dg&%aloping
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Catastrophic (Oxford di(:tiona}({/))(b&A
\%
<
- Adj. ’\\5S

—Involving or causing sudd@ damege or suffering (a
catastrophic earthquak O

—Extremely unfort{@\ r unﬁ%ful (catastrophic
mismanage f'the nomy)
—|nvo®)udde \@i e-scale alteration in state

&



A catastrophic ICU patient in Asia
p p @\A

* Hospital-acquired pneumonia with \SQ
multi-resistant GNB e

* Treatment would be colistin C)
\/e Q‘
« Colistin not always readily@%e \)\\S\
for human use in AsibQ ®~
O S
. Patlentdlec@\ @

«C Inavailable for agricultural use



A good mix for a catastrophi@ﬂ
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Resistance iIs old and abound

Antibiotic Resistance Is Prevalent in an Isolated Cave

@\O DaCosta, Nature 2011

. .
Microbiome
Kirandeep Bhullar’, Nicholas Waglechner', Andrew Pawlowski’, Kalinka Koteva', Eric D. Banks?,
Michael D. Johnston?, Hazel A. Barton?, Gerard D. Wright'*
1MG. DeGroote Institute for Infectious Disease Research, D of h and | Sciences, McMaster University, Hamilton, Ontario, Canada,
2 Department of Biology, University of Akron, Akron, Ohio, United States of America
Abstract
Antibiotic resi e is a global chall that impacts all pharmaceutically used antibictics. The origin of the genes
associated with this resistance is of significant importance to our und ling of the evolution and di ination

antibiotic resistance in pathogens. A growing body of evidence implicates environmental organisms as reservoirs of these
resistance genes; however, the role of anthropogenic use of antibiotics in the emergence of these genes is controversial. We
report a screen of a sample of the culturable microbiome of Lechuguilla Cave, New Mexico, in a region of the cave that has
been isolated for over 4 million years. We report that, like surface microbes, these bacteria were highly resistant to
antibiotics; some strains were resistant to 14 different commercially available antibiotics. Resistance was detected to a wide
range of structurally different antibiotics incuding daptomycin, an antibiotic of last resort in the treatment of drug resistant
Gram-positive path Enzy diated mechani of resi were also discovered for natural and semi-synthetic
macrolide antibiotics via glycosylation and through a kinase-mediated phosphorylation mechanism. Sequencing of the
genome of one of the resistant bacteria identified a macrolide kinase encoding gene and characterization of its product
revealed it to be related to a known family of kinases circulating in modern drug resistant pathogens. The implications of
this study are significant to our understanding of the prevalence of resistance, even in microbiomes isolated from human
use of antibiotics. This supports a growing understanding that antibiotic resistance is natural, ancient, and hard wired in the
microbial pangenome.




And resistance genes are easily shargq
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Smillie, Nature 2011



Resistance genes are shared in varous
environments with(out) AB pr\eg@ure



Places of resistance gene exchi»@g‘é
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Wellington, Lancet Inf Dis 2013
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Antibiotic environmental contaminatio@lndia
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Kristiansson, PLOS ONE 2011



Resistance gene abundance ~ antibic{{t;:
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A call for other types of survelllanQ§
genes and antibiotics \/\\Q\

» Antibiotics should be considered to be\z:%@utant and monitored
* Mobile antimicrobial resistance gen
unwanted invasive genetic m er@’

* A need for standardaed&@tance @Qurvenlance and their

mobile genetic elem

ould be considered as

 However we still ﬁ how resistance gene dynamics

translate i b|IC h@ easures
should we remove resistance genes form

nment? Where? How? At what cost?
gfportant role for modelers






Addressing resistar)\%g‘bﬂ
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Antibiotic use in Asia” ,&ﬂ

Antibiotic use — outpatient (DDD/1000/year Q‘

v@& is the current AB use for Asia?

O \/@ «An 6\&hat would be acceptable?
O

¥

result in high environmental AB

@\O @ High populations density in Asia will

pressure.

@ Same is true for livestock



Community: key source of antibiotic use
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Hospitals

Health stations

Pharmacies i@
Commn@&( tham
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Increase wealth ~ increase antibiotic Q%e
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High inappropriate us@
communities for A i

- | had a co received 3 types of

drugs, |® g antibiotics..

&péscnptlon (despite law)

\/ | did @&ake any drug and got better!

W 0\\\



Important drivers of AB use,
resource constrained Qgﬁ?{gs

<

* High out-of-pocket health expenditure —»Q& 60%

—Self-medicationis cheaper an%@g"
Iith

 Despite regulation, AB disper@d

w cription
—No enforcement \\(\ 0
* Financial incentiveo(\ \Qﬂ (a”

 Lack of kno
e Lack of&ctor @
g L%l@ od (rapid) diagnostics



Treatment guidelines \‘bﬁﬁ
W

* Most treatment guidelines outdated &e

« Recommendations for AB do not eh\burrent resistance

data \/ O‘

* Guidelines use ‘Westery. @&not @&egions
A\ Xe
* Need to take in acg!ﬁ\ cal |®mlology
—S. suis us @%itis In SE Asia

—K. pne ide com In severe pneumonia

&
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When Penicillin Pays: Why Chi ves Antibiotics a Little Too
Much e
By Chengcheng Jiang / Beijing V ‘
Every year when the wet winter weather sweeps through souther 1 @e, Ling Che @hﬂg cough that she just can't shake. But instead of heading to the
medicine cabinet, Ling, like millions of other Chinese, heads mstm r hospj‘itz& IV antibiotics. "When the coughing gets annoying, I just go to the clinic
E y

y clears up — it's much more effective than taking pills."

two or three days in a row and take a drip,” she says. "Afte
Last month, the country's Ministry of Health revea n average person consumes 138 g of antibiotics per year — 10 times the amount consumed per capita
COANRLEL illi

in the U.S. Meanwhile, three times as @ i compared with the international standard. The Ministry also pointed out that 70% of
inpatients at Chinese hospitals i ¥

people are
s; the World @rganizaﬁon {(WHO) recommends a maximum of 30%. (Read about China's plan to reform its health
care.)



AB use children during one th

r 3%
Macrolldes

rl
iﬁal Ampicilline or
\(1\‘ Amoxicillin 49%

oufc\é)a tlblotlcs

Selfffeatment 16%
6 Drug store 30%

Q/ Private clinic 24%

Source: D) . . . 0
OH Nguyen 2010 ublic clinic 31%




Antibiotic dispensing In private Viet%g ese

pharmacies \‘/\‘Q‘

Urb @ Rural

Total transactions V),g’ d‘q 870 100
24.0 257 29.5

Buying antibiotics . & 499 :
With prescription @e 12.0 23 8.9

Co wi%resFi%tixﬁ ; 49 81.7 18 78.3
C,

ply with presergtion 11 18.3 5 21.7
%’t%prescription 439 88.0 234 91.1
Client made decision 218 49.7 66 28.2

Drug seller made decision 221 50.3 168 71.8
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Conclusions pharmacy study

* 90% of antibiotics sold have no prescrlp
* Dispensed by inexperienced staff
« 25% of sales is AB sales

* Rural pharmacies sell mo%@@esﬂc ’@
e High AB deman? mmunity education
* Strong mce@ @nsmg -> room for intervention

. No@mestlc antibiotics are often produced by companiesin
which the governmentis stakeholder.



Education - behaviour

Pulcini @uﬂﬁce 2013
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Antibiotics Smart L{{?ﬁ*

An initiative from Tha

&@
Objective:

 Reduce antlblotlwscnptlwhree common
diseases: (\\\

. splrat‘@ ct mfectlon (URI) e.g.,
on WI h/without sore throat

cute diarrhea

@60- Simple wound



PRECEDE-PROCEED Planning Model: ASU

Analysis of resources,
administrative
procedures and
organization

Planning (goal,
intervention design,
evaluation)

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

- Cause prioritization by importance |

and changeability

- Selected causes:

(1)knowledge, belief, and self-efficacy
of health professionals (on disease,
treatment, and communication with

patients)
(2)Patients’ request of am‘ibio‘riﬂ

1

1

1

[ 3
1
1

1
1
1
1
1
1
1
1
1
1
1
! )
1 1
! 1
! 1
1 1
! 1
! 1
1 1
I 1
! 1

@. enf” - To understand the
on medication use problems in

N of-
io
e
local team is crucial to understand the
local situation/environment including

possible causes of problems,
stakeholders, etc..

@v ational and local contexts. At
V\ local context, participation with

- . : Xhase 3 Behavioral & S‘rlep 2 Step 1
Step 6 Step 5 Administrative Step 4 Educational a Q — . - : ;
Implementation and policy assessment ecological assessmen A T Epidemiological Social
i aﬁssment assessment diagnosis
S'ra_r“f with a -Tools for he.al'l'h Predis actors: O
training professionals: (to .
. Kng , s, attitudess
educate, to adjust Seif-officac
Follow by attitudes, and fo a Y v
stimulating & increase self-efficacy) /
reminding to -Tools for patients: Prescribin
comply with (to reduce expectation 7 N/ behavi 9
the ASU plan of receiving antily \ Reinfo enavior ! !
as mentioned - Other me pectation, Peer 5 . .
in step 5) re, drug promotion Patient N QLIC('ITY
7'y heal'l'h Of Ilfe
y N y N
\ 4

Enabling factors: Hospital .

formulary, substitute drugs HOSPITG'

(e.g., herbal drug) and medical context

equipment

Step 7 Process evaluation

N
N
N

To evaluate if ASU was implemented
- whether tools were used

- whether target group expose to
media/ messages

Step 8 Impact evaluation

Indicator 1: Change in *-
knowledge, attitude,

self-efficacy, and
intention

Indicator 2: Changein

\
v

of antibiotics being prescribed

Indicator 3: Change in percent
of targeted patients who were
not prescribed with antibiotics

Step 9: Outcome evaluation

“\
AY
[

amount - Indicator 4: Patients'

perception of health and
satisfaction (without
antibiotics prescription)




WHO/SEARO

Goal: Develop SEA regional strategy
on ABO resistdnce

. A national agenda will receive political and ,
';UD S;Tafegy (under National Health governmentsupport. All Ministrieswillallocate  /
ssembly) budget to operate on this iisue. '

Research to support
policy development &

1 APEIR: A i
ial mobilizati RUD Subcommittee (under the National ! InfEec . &se ;r:sl';lgrzr;‘Emer‘gmg
social mobilization i . |
DECeTINIES National agenda of '
Committees of National Antimicrobial rational use of medicines I, . . . ops .
Resistance Surveillance Center (NARST) | eloptr)g social r}'bblllzaflon .
Goal I: ) ollabprahve campaign among .
National agenda on antibio \ E countries.
/ INRUD: International Network for
ASU Strategy 1: Communication Rational Use of Drugs
Policy advocacy | — ; Medi c ANSORP: Asian Network for P
’/_/\:or policy advocacy ASUNS:M*T( 2 Infec‘h ous ocucm on, Surveillance of Resistance Pathogey
etwor

edic consor"num

o - " empowerment ] )
Antibiotics Hospital accreditation & Pay- Counteractunethical drug pronfotion
Reclassification for-performance criteria about ] strategy (National Health Ass¢mbly)
quality use of antibiotics ”
/ & Pharmaceutical industry

Teaching care hospital Communitye
fnic hospital

Vet hosp Vet clinic
hospufal
BKK health careh Vet drug Farm
Private hospital = center cent store
P

Medical lawsuit
preventive communication

=
e e - == ——

Crug company

Vet drug U
_/_
harmacist, Nurse, company /
Public health worker

/
| Targeted //
Activities . / 5 /
Patient, paraprofessional ,
Peoble Farmer ,
P Health volunteer, P
} activitj community leader, 7’
\ ASU_strategy 3 / teacher, local scholar, Pid
Public Education celebrity, religion P
& campaign leader .’
War zone — _- -
~ - -

—
=S
—
e BT T _— =

Goal II: A social norm for rational use of antibiotics

An individual is eligible to a specific healthcare plan “ Types and characteristics of animals ???
depending his/her career (government, private sector,
or unemployed)

ASU® March, 2010 by Nithima Sumpradit



Can CRP or other POC tests Q%fiﬁ?

\/\‘O

Table 3. Effects of Intervention on Antibiotic Use fﬁ Index
Consultation (by CRP Category) and Within a llow-Up.
Exploratory Data on Antibiotic Use Per Respi

CRP Assistance

Antibiotic Use % (n) \ )

After index consultation 43.4 (56/ 6.6 (73/ m
Rhinosinusitis &5 Q 60.3 (4@
LRTI 1423/96) 51.Q (2605

Within 28-day follow-up \\g}im @ng)

(\37.5 (42/73) (54/78)

95% (I
0.56-0.98

n Y
PN

0.81 0.62-0.99
Rhinosinusitis

LRTI 46.4 58.8 (30/51)
By CRP caf®
% 140) Q (19/73) 49.3 (33/67)
2 % (n =62) 3 (13/23) 59.0 (23/39)
100 mg/L (n = 37) 68.2 (15/22) 66.7 (10/15)
) 100 mg/L (n = 19) 81.8 (9/11) 87.5 (7/8)

% Cl = confidence interval; CRP = Creactive protein; LRTI = lower respiratory tract infection; RR = relative risk.

Note: Statistical testing was not performed on the exploratory data on antibiotic use per respiratory tract infec-
tions, as this trial was designed to detect differences between the total group of patients per group.

2 Relative risks corrected for clustering.
N J

Cals, Ann Fam Med, 2010




CRP POC test trial Vietham <
\‘/\‘O
RCT f ' &ee
o Or non-severe acute resplratQQQy ctions
 Age > 5 years 60
« Sample size: 2000 \ \(\O‘
%@o%tain@\

« Ethical approval recgy
* Enrollment ex o start | months

O
9&\\0 N
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Antibiotic development mismatch\,bgﬂ

» Has been focused on gram- positive bacteria Iike@ and VRE
» The problem now is Gram-negative bacilli &8

Chlora @ )
Tetra ines
Macrolim
S GlycopM |
< Aminoglycosides

Penicillins Iipopeptide
@ ulfonamides Oxazolidinones

1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s




Gram-negative resistance on the ris@
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Carbapenem resistant Gram-negatjve
Infections (NDM-1): a Wa@\\gﬁs call



Need to use more the ‘old and forgotten’



Need better access to ‘old and forgo ﬁn’ abx

.®\

Methenamine Mandelate

Temaocillin e
Pristinamycin
Thiamphenicol
Fosfomycin ; iv
Cefoperazone-sulbactam
Spectinomycin
Quinupristin-dalfopristin
Dicloxacillin
Cefpodoxime ]
Pivmecillinam = \

Methenamine Hippurate
| 4 . W |\

Oxacillin S W
Cefoxitin
I .. WA WA w—-— -
Procaine benzylpenicillin
IEEESS—— Gh L W S Y 4
Cefributen ’
I AR V. USRC UUT. .
Cloxacillin
W ' S W |
Flucloxacillin
. W . V A, WD W——
Fosfomycin ; oral
AR, VW . W W SE—
Aztreonantl

Chloramphenigol

engathine bj e e ———E———
Teicoplanin

CEpriITI & e e 1
Mitrofurantoin

Erta penem | e

y antistaphylococcal penicillin
enaxymethylpenicillin (Penicillin V)
Benzylpenicillin (Penicillin G)

=
w

10 15 20 25 30 35

Number of countries where the antibiotic is available (over a total of 38)



If access: need to use well.
Results colistin survey



Antibiotic solutions

* Prudent use through education — n@%
e Drug development:
—Gram-negative focus

o)
—New targets: eg pli\@@eph ’%\

—Biodegradab *

*In m : mak old antibiotics available with clear
e on when and how to use in multiple languages
en source treatment guidelines that can be easily adapted
locally



Need for global ONE HEALTH stewardship
NG

» So far very hospital focused and develope @u ries
* Antibiotic stewardship should be consi&\r} as standard of care
and part of hospital accreditation 60

* Needs to include the world O@Mals, _water and so on...

« Need to prioritize and bS’@gma%@ hennaideclaration, India)
|

India nee@t\ i ntable antibiotic policy” and
NOJCAyeriect pQli
s of “A roadmap- to tackle

“The Chenpai Naga¥ati

Recom datj

the of antimicrobial resistance” - A
jo@ g of medical societies of India

Ghafur A, Mathai D?, Muruganathan A?, Jayalal JA*, Kant R®, Chaudhary D,
Prabhash K7, Abraham OC®, Gopalakrishnan R?, Ramasubramanian V'°, Shah SN,

Pardeshi R*, Huilgol A", Kapil A", Gill JPS™, Singh S, Rissam HS", Todi S*,
Heqgde BM', Parikh P*®












Solutions and Barriers

8
Laboratories \;\\O‘D(?a;nostics

Infection Antibiotic &Qanitation/cl Self-
control use C’)\'

ean water medication

Community

&L 4 2 2

Education Incentives Infrastructure Policy Enforcement




VINARES objectives: RS

» To improve antibiotic stewardship by: @
—Survelillance of hospital acquired mfe@
—Surveillance of antibiotic resis an
—Surveillance of antlblotlc us \/

—Develop antibiotic ste p pr

—Develop treatmeq&&lme

—Share infor \sctlces through website,
guidelin@%@mgs kshops

&
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Challenges in Infection Control ,bgﬁ

W

N

\ﬁs begH '{empty butin Asia often

>1 [ er bed

. Q@
\\ ‘@stance
generally unknown

Foto by Erika Vlieghe



Control antibiotic use In animals..\g



Most antibiotic use is in agricultur,gﬂ
animal stewardship = ONE I—I\/Iie‘i_ H

And not to forget fish/shrimp farms...



Countries that perform well for humars, may

not do well for animals ‘{Q‘(&

Torre, 2012
Sci Total Envir



Antibiotic residue in vegetables In a

Hu, Environm Pollut 2010



Antibiotics should be considered pollutants and environmepﬁ\ﬁ/els
need to be monitored and stay below a certain threshb@

Make antibiotics biodegradable \/



‘Universal’
interventions to
contain AB

Improve housing, sanitation, clean water
Food safety
Hospital infection control

RS

resistance.

Bacterial

resistance

Diagnostic means/PoC tests

Locally adapted guidelines

(postgraduate) education
rescriptio n audit and feedback

usage

surveillance

osing &
duration
studies

Advocacy by
health care

surveillance

+ \X
rescriber F‘@%ﬁ antio:ons patient
P 18 dermand |
O&lbiotic

\
N
@kr/nan
amtibiotic usage

surveillance &
restriction

Bacterial
infection

N

\(\O

uoljeulddeA
subredwe?
algnd

\

" ©

Universal
dispenser health
coverage
R&D
Legislation/regulation Antibiotic discovery
Essential drug list pipeline

Drug restriction
Drug quality control
(Postgraduate) education




Go national is the right approach



Some thoughts ‘@Xﬂ

O

* Resistance is a given, but has not helped to §t®Ct proper attention: Start
a resistance death registry?

« Communicating information on re |st to |cymakers and lay public
—Easier in case of HIV, TB and malaria ngle s are involved

» Besides bacterial survelll g d NQardlzed resistance gene and

their mobile genetic a\s su ce for early warning

e Controland m antlb s In environment
 Infection eeds a date

« Com issue: analysis through modeling may help target interventions



A delicate balance “O‘@G

&gﬂable
. xa iBiotic use
e Best G

interests of the
individual 6

(\\\
O ¢

Antibiotic \ess IS a v@tble natural resource, like clean water or forests.

All @tlc use, appropriate or not, ‘uses up’ some of the effectiveness.

But antibiotics are also lifesavers and we need access to them.



From carbon emissions tradir {@ﬁ

antibiotic emissions tradin%\/\
W
2\

* Resistance issue is similart p@u lon.
» Solution possibly in envirgAmenta Q)mics
» Fees/taxes/tradinga ti ioti@&ssions Into environment

* Revenue can b@s d t@nsora global antibiotic
resist%\@[itute @ stipports worldwide initiatives

&



— W
Time for bold ideas, 6
broad approach - ONE HEALTH ‘
PP , \\}.
leadership... \/@ O‘
W
...and big fund (\ (a"
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&



The future king of the Netherlands in Vietham
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