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|.  Drug resistance is rising worldwide and threatens gains made in reducing the
burden of infectious diseases



First reported cases of bacterial resistance against key antibiotics
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It is not difficult to make microbes resistant to penicillin in the
laboratory by exposing them to concentrations not sufficient to kill
them, and the same thing has occasionally happened in the body...

Alexander Fleming, 1945
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Antibiotic resistance is ancient

Vanessa M. D'Costa™**, Christine E. King'**, Lindsay Kalan"~, Mariya Morar'~, Wilson W. L. Sung®, Carsten Schwarz’, §
Duane Froese®, Grant Zazula®, Fabrice Calmels”, Regis Debruyne’, G. Brian Golding”, Hendrik N. Poinar™** & Gerard D. Wright'~

The discovery of antibiotics more than 70 years ago initisted 2
period of drug innovation and implementation in human and
animal health and sgriculture. These discoveries were tempered
in all cases by the emergence of resistant microbes'”. This history
has been interpreted to mean that antibiotic resistance in patho-
genic bacteria is a modern phenomenon: this view is reinforced by
the fact that collections of microbes that predate the antibiotic era
are highly susceptible to antiblotics’. Here we report tangeted
metagenomic analyses of rigorously authenticated ancient DNA
from 30,000-vear-old Beringian permafrost sediments and the
identification of & highly diverse collection of genes encoding res-
istance to Plactam, tetracydine and glycopeptide antibiotics.
Structure and function studies on the complete vancomycin resist-
ance clement VanA confirmed its similarity to modern variants,
These results show conclusively that antibiotic resistance s a
natural phenomenon that predates the modern selective pressure
of clinical antibiotic use.

Recent studies of modern environmental and human commensal
microbial gonomes have a much larger concentration of antibdotic
resistance genes than has been previously recognized” *. In addition.

with high concentrations of Escherichia colf harbouring the gfp (groen
floorescent protein) gene from Aequores victoria (Supplementary
Information).

After fracturing of the sampies (Supplementary Fig. 3), total DNA
was extracted from s series of five subsamples taken along the radius of
exch core (Supplementary [nformation). Quantitative polymerase

D’Costa, Nature, 2011
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Carbapenem and 3rd. gen. cephalosporin resistance among K. pneumoniae

highest along the East Coast, but present in all regions of the country
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Carbapenem-resistant Acinetobacter baumannii




Percentage of Staphylococcus aureus that are methicillin resistant
(MRSA), by country (most recent year, 2011-14)
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Where available, data from hospital-associated MRSA and Invasive isolates have been used. In their absence, data from community-associated MRSA or all specimen
sources are included. Only countries that reported data for at least 30 isolates are shown, Depending on the country, resistance to one or more of the following
drugs were used to test for MRSA: Oxacillin, cefoxitin, flucloxacillin, cloxacillin, dicloxacillin, and methicillin. Intermediate-resistant isolates are included as

resistant in some calculations, as in the original data source.



Percentage of extended-specirum beta-lactamase producing
Escherichia coli*, by country (most recent year, 2011-2014)
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Whaere avallable, data from invasive isolates have bheen used. In their absence, data from all specimen sources are included, Only countries that reported data for at
least 20 isolates are shown, Depending on the country, resistance to one or more of the foillowing drugs were used: Ceftazidime. ceftrioxone and cefotaxime.
Intermediate-resistant isolates are included as resistant In some calculations, as in the original data source,
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Percentage of carbapeneme-resistant Kiebsiella pneumoniae, by
couniry (most recent year, 2011-2014)
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Source: CODEP 2015, WHO 2014 and PAHO, forthcoming

Where available, data from invasive isolates have been used. In their absence, data from all specimen sources are included. Only countries that reported data for at
least 30 isolates are shown. Depending an the country, resistance ta one or maore of the following drugs were used: imipenem, meropenam, ertapenam and
doripenem. Intermediate-resistant Isolates are Included as resistant in some calculations, as In the original data source.
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Il The drugs work less

Effectiveness of antibiotics” in selected countries
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Staphylococcus aureus resistance to oxacillin (%MRSA)

Northern Regions

Free State l

Eastern Cape Eastern Cape

2011 2012
Resistance rate | | ] B [ L] [ ]

15-25% 26-32% 33-36% 37-40% 41-43% No data

Northern Regions

Free State KwaZulu-
’ Natal

Western and
Northern Cape

‘Western and
Northern Cape

Northern Regions Northern Regions

Free State KwaZulu-
Natal

Free State

‘Western and
Northern Cape

‘Western and
Northern Cape

Eastern Cape

2013

Eastern Cape

2014

CDDEP &5,

(st sascm

- .o. FOIth AlrsCan Sow =Ty
for Chnical MUCrstectogy

JIhSAASP

SOUTHM AFRICAN ANTIDIOTIC
STEWARDSHIP PROGRAMME



FIGURE 1. Percentage of Escherichia coli and Klebsiella pneumoniae
isolates from selected health care-associated infections* with the
extended-spectrum-f-lactamase (ESBL) phenotype reported as
nonsusceptible to extended-spectrum cephalosporins' — National
Healthcare Safety Network, United States, 2006-2015
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FIGURE 2. Percentage of Escherichia coli and Klebsiella pneumoniae
isolates from selected health care-associated infections*® reported
as resistant to a carbapenem — National Healthcare Safety Network,
United States, 2006-2015
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* Central line-associated bloodstream infections and catheter-associated urinary
tract infections.

Woodworth et al MMWR 2018, 67
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Figure 1. Carbapenem- and cephalosporin-resistant Acinetobacter baumannii in the United States: 1958-2012

Logan et al J Ped Inf Dis Soc, 2018.



Are we overstating the problem of resistance
because of measurement bias?

Clinical Infectious Diseases
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Spread of New Delhi metallo beta-lactamase: first detection, by country
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Resistant isolates (%)
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Numbers of unique B-lactamase enzymes identified since introduction
of first B-lactam antibiotics
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Mortality outcomes are worse in neonates with
resistant infections
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CFR In culture-

CFR In culture-

Gram negative

Acinetobacter spp (n=222)
ES cephalosporins  85/222 (38%)

Carbapenems
MDR

Kiebsiella spp (n=169)

174/222 (78%)
181/222 (82%)

ES cephalosporins  105/169 (62%)

Carbapenems
MDR

£9/169 (35%)
91/169 (54%)

Escherichia coll (n«137)
ES cephalosporing  65/137 (47%)

Carbapenems
MDR

21137 (15%)
§2/137 (38%)

Pseudomonas spp (n=68)
ES cephalosporing  327/68 (47%)

Carbapenems
MDR

2U68 (31%)
1V/68 (19%)

SO/BS (69%)
106/174 (61%)

112/181(62%)

§7/104 (55%)
36/59 (61%)
£2/91 (57%)

40/64 (63%)
12/21(57%)
30/52 (58%)

20/32 (91%)
10/21 (90%)
11713 (8S%)

7137 (52%)

24/48 (50%)
18/41 (44%)

38/65 (58%)
SO/110 (54%)
43/78 (55%)

4373 (59%)
71116 (61%)
SV/85 (62%)

24/36 (67%)
3447 (72%)
42/55 (76%)

DeNIS Study, Lancet ID, 2016



100+

80+

60-

Case fatality rates (%)

Culture
positive

Culture

il
™G |
negative

Sepsis

Meticillin Metigillin
resistant sensitive
Staphylococcus aureus

1 DeNIS collaboration (2016)*

2 Ballot DE, et al (2012)*

3 Gebrehiwot A, et al (2012)7

4 Jumah DS and Hassan MK (2007)"
5 Kayange N, et al (2010)

6 Shehab E1-Din EM, et al (2015)*

7 Sundaram V, et al (2009)*

8 Tran HT, et al (2015)*

| Carbapenem 5 Carbapenem " Both resistant

resistant sensitive  and sensitive
Acinetobacter spp

Figure: Case fatality rates from the DeNIS study (unshaded) compared with earlier studies (in solid colours)




100000 -y [ Gram-negative bacteria
[ Gram-positive bacteria
3 Total e
§_ 80000 —
F
g 60000 b
-
5 40000 —
S
g 20000 —
o —
China Democratic Nigeria Pakistan India
Republic of
the Congo

Figure 2: Estimated neonatal sepsis deaths caused by bacteria resistant to first-line antibiotics in
five high-burden countries

Laxminarayan et al Lancet, 2015



Al the Newas
That's Fir 10 Priet

Late Edition
Today, & My dbvy, summh e s
Ao Wil st Chosds, fegh 47 T
N, ORIly cnandy, b 32 e
S v e sty hoaddy oty Mah
£ W e s D T B e

VOL. LY

NEW YORK, THURSDAY, DECEMBER 4

2034

$2.50

TS S A . eew TEe Teees

Protmatons at Canad Contind Tormmenad on Wedneeday afler 4 grand jury decided pot 1o indict o padiecw of Bcor 0 e Cuamer's death

U.S. and Iran Both Attack ISIS,
But Try Not to Look Like Allies

WETITWEA AL s THROMAN E EDENING

SACHDAD — brmian Gghier
PES IECR iR et s

<
e Latarnt Sinphary o Tofaramn s oaw
silnptness o condont aulitery
et aaane POl om TUOsg Bad
atimbdn rather thea omertly and
ITE OuUgT i e

Thee Abuit stemsis e port froes
Iraus % emgees g WRBLaY e
IraG W 1he war agaset the Sunm
SR of e blaeni Sease
Bur & e reilecis & protounc

Pts b on BadBur somwe that eod vrsds
0¥y
W IRRATY O
20 e <onBusoce
ol S sts B Dot Srag and Sye-
a, wheore Tulemn and Wastun ge on
ot  (Beuosires  lighling (he
WA WY e e Gy easingly
Putts Cashiun. While thore = oo
L T T TR P L ST T P
wnd the Unied Staten, (Dere o »
de 1200 Domag Eression Pesce thet
ottt v » vager o acknewi

‘Superbugs’ Kill India’s Babies
And Pose an Overseas Threat

- LARDONE R AR

AMEAVATL India — A doadily
wpedernie this cohd have ghobust
SO MG e Ty e g
Incha, st armomg s aey vho-
thenn e ters of thouseaesis of
newbarux Sying becasse onco-
Il ol core e e lamiger wer

Theme Sants afe Dorn wan
Daersdd adsctons thaa we e
R e S T L T R )
o than SAOM0 Bad s
your s a rowuk, & recens wody
Josnd Whihe thest b s 21 & frsection
o (D menardy BN OO s Do v

WOk, mnd s wil roguice et
Ing an ncre Attt of parrw

- el
b Dw. Vst Pt B
PoSaricon il the AS loatia Toste
ity of Medical SOsocon wwl the
oder of e sindy ~ Bt of resles
. iefections Rewp grrwing tha
progress could slow, sop or oven
fovmrne el Al Il woadd be
A Braster S ot oody Eaddia ban
the enture wordd™

s viaas w meonatsl s ve
e wards in fve lodian st os

NEW YORK OFFICER
FACING NO CHARGES
INCHOKEHOLD CASE

Grand Jury's Decision in Fatal Encounter

Draws Protests — ULS. to Investigate

Wy 1 DANTD GOUSFVLAN ana AL IBARL K

A Suaren Dilsxd grad pey oo
Wedimndny onded he criomined
GHar e o whiie New Yok
P cw MBCOeT whose « Bk ohoks on
S RAMes) D B o Bl 1o 1
s & demh 3 Secsie st rew
condenm i on from slocted offd-
hxly ool boachend T 0 wave
L

The tistal sec osncer b ly was
CPTred  On WMdeas sl e
s the workd, T after views-
g the ootage sad beawring tross
sooscr, choading (hw officer
il anenl B o bobafodd
fors Soliberiiend fur hove thaes »
Wy Botarw deosieg A IDees
A It DoMgD evAance 10 go
Torwaed sith chargon agalone the
veficer, Dunsed Msdow, 29, o the
oot b of the man, Nric Gamer, 43

Otticer Pues sdoo, o bes Deen
o e e Taw i Years, s>
Pearvd Detore the grand pay o
Now, 21 l(l:ncz hat be &d oot
el o« ; Garsar, who
s Baiog sressed for ofl gpedly
miling Joose cparvites. He de
el (P eV s @ ke
L e e AL R
thougts Ms, Cawr s L e
tal daoger [Puge AN )

The deumion comme barvly »
sk ater o gveted ary Foassd e
CTURINAEEY W 1D s o e
other widte policn offcour, Dunven
Wilnon, Wise shat and Kiled M
ast Browm, an wnarmeed 16
mv«‘s Back mman & Fergumson,

Alter the mevn Bors Saten b
Tl w Wve of viodted i als
tone et calls fowr Justiconr Deguan

TSl WNOIY NG, WU e

grand jasy’s Sy proved thee
Jentiow ol B Bound ansly an the
Twdernl conrms. By ihe evarang
e dapessineitl s ed o
wosks opem acinl nighes loguilr ¥

O D sirwats of che owy, troos
Tompdbnwvitio o Tunen Squwe
AAY GAPWwASed R GUIEage

with sonw of the laex words Me
Gurmmr  utteewd  Dafotw  botng
wramiiial to i grosad “The
“ops teday” peeple chaated. “1
caan’t Bwoathe” others shoued
Whiks buskuds of angry b
pvaarally peocslad  Gennss e
tors ook bo the streets o Moan-
Butinn wr well oo i Wanhingt oo
Wl bt len, the Pedee -
Now Yok reported relatively ftow
mYONR, & stk comersat to the r-
wir that setolded m Furgusen
I Bormrs afar the gred owy e
CLOEm WaA EAGUnOsE e
COMTImt Om Poage AN

. w— e

wrvda bt
facily photo, died ot wge 42

M

Lonrnwr. I a0y



Absolute risk reduction (ARR) of infection with anfibiotic prophylaxis in
common surgical procedures and blood cancer chemotherapy in the
USA
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Number of additional infections per year in the USA under
a 30% decreased efficacy of antibiotic prophylaxis
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Surgical site infections

* There are 92 million surgeries in low-income countries each year

* 5.5 million surgical site infections or SSIs (6 per 100 procedures) —
about a third of all healthcare associated infections

» SSls are the leading cause of infection in settings with limited
resources

 Mortality rate from SSI Rates of mortality from surgical site infections
are 3% in the US and between 8 and 20% in low-income countries

* Between 400,000 and a million deaths from SSls each year with an
increasing number caused by resistant pathogens.



Resistance-free classes

Zero to zero in 100 years:
Available resistance-free antimicrobial classes for Neisseria gonorrhoeae

Ill-
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1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 2010s
Principle decade of use before resistance detected

- Cephalosporins | Fluoroquinolones [JJJj Macrolides - Penicillins

- Spectinomycin - Sulfonamides - Tetracyclines

Lahra et al, Microbiology Australia, Nov 2016



ll.  Rising incomes and increasing access to antibiotics are saving lives (although
lack of access still kills more people than antibiotic resistance) but are not a
good substitute for public health
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Bacterial diseases are still major killers in developing countries
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What are we asking of antibiotics?

FIGURE 11

Crude infectious disease mortality rate in the United States, 1900-1996
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Substitute for immunization, infection control and
water/sanitation

FIGURE 11

Crude infectious disease mortality rate in the United States, 1900-1996
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Substitute for immunization, infection control and
water/sanitation

FIGURE 11

Crude infectious disease mortality rate in the United States, 1900-1996
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Vaccines can be effective

Invasive disease caused by Pneumococci in children under two declined in the US post pneumo

vaccination
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Effect of PCV7 introduction in 2000 on antibiotic prescriptions and

ambulatory care visits
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Effect of PCV7 introduction in 2000 on antibiotic prescriptions and
ambulatory care visits

Antibiotic prescriptions attributable to acute otitis media

decreased from 1244 to 722 prescriptions per 1000 person-
years — a 41.9% reduction.
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Antibiotic consumption is increasing in developing countries...

Per capita total antibiotic use, retail sector,
2005-2010
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Global antibiotic consumption 2000 to 2010: an analysisof @ 'k ®
national pharmaceutical sales data
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Thoveren P Vars Doeckel, Sammnth Gandea, Ashvin Avhok, Quentin Covdoory, Beyan T Geenfell, Stmon A Leviey, Rivmanan Lax immneayan

Summary

Background Antiblotic drug consumption is o major driver of antiblotic resistance. Variations in antibiotic resistance et nfes O 200s
across countries are attributable, in part, o different volumes and patteros for antiblotic consumption. We almed 10 st Onie
assess variations in consumption to assist monitoring of the rise of resistance and development of rationalase Wy s

policies and to provide a baseline for future assexsment.
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Global increase and geographic convergence in
antibiotic consumption between 2000 and 2015

Eili Y. Klein®®“", Thomas P. Van Boeckel®, Elena M. Martinez”, Suraj Pant”, Sumanth Gandra®, Simon A. Levin®'9-",
Herman Goossens”, and Ramanan Laxminarayan™"’
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Global antibiotic consumption by country: 2000-2015.
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Global antibiotic consumption by country income classification: 2000-2015.
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Antibiotic consumption rate for HICs, LMICs-UM, and LMICs-LM of the four most-consumed
therapeutic classes of antibiotics in DDDs per 1,000 inhabitants per day.
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Antibiotic consumption rate for HICs, LMICs-UM, and LMICs-LM of new and last-resort
antibiotics in DDDs per 1,000 inhabitants per day.
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Countries with highest
increase in consumption
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Antibiotic use per capita
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Carbapenem retail sales in selected countries, 2005-2010
(per 1,000 population)

1.8
§ 12
©
=
o
o
o
o
S
S
o
o
E=)
| =
= |
o
<
2
& 06
@

© BN SR X ST ZT® | S S
B SRS ST ATATASRE RS AT AT RS,
Netherlands USA French West Africa® Brazil Vietnam Indenesia

Source: Laxminarayan et al. 2013 (based on IMS MIDAS)

*An IMS grouping of Benin, Burkina Faso, Cameroon, Cote d’Ivoire, Gabon, Guinea, Mali, Republic of the Congo, Senegal, and

Toon

S

Fr ) e S B0
SRS S e PR FEI S

B e kg ma g >
India Pakistan

CDDEP

THE CENTER FOR

Disease Dynamics,
Economics & Policy

WASHINGTON DC « NEW DELH)



Fig 3. Commonly used antibiotic consumption in different regions of China by class in 2011 and 2015.
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Faropenem consumption has increased by 154% since it was
approved for use in India in 2010
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Carbapenem consumption in the hospital sector in selected European
countries, 1997-2013
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Non-prescription use of antimicrobials is common
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Table 1. Workforce of Doctors and Nurses According to Country or Region in 2010.*

Doctors and Nurses/ Nurse-to-Doctor

Country or Region Population Doctors Nurses 1000 Population Ratio
in millions in thousands

Country
China 1338 1915 1,864 2.8 0.97
India 1225 768 1,179 1.6 1.54
United States 309 756 3,064 12.3 4.05
Brazil 195 338 1,278 83 3.78
United Kingdom 62 166 626 12.7 3,77
South Africa 50 37 198 4.7 5.30

Region
Americas 937 1974 4,947 7.4 v 2
Europe 899 2744 5,870 9.6 2.1
Middle East and North Africa 590 654 894 2.6 1.4
Southeast Asia 1795 997 1,810 1.6 1.8
Sub-Saharan Africa 847 150 778 : B | 5.2
Western Pacific 1821 2696 3,814 3.6 1.4

World 6888 9216 18,114 4.0 2.0

* A doctor or nurse is defined as a person with the appropriate qualifications recognized in his or her own country. In
this table, the nurse workforce includes nurses and midwives. Data are from the World Health Organization.”
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The flu season is a key driver of antibiotic
consumption
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Van Boeckel et al, Lancet Inf Dis, 2014




Influenza in the United States is nearly
perfectly predicted by antibiotic sales data
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FIGURE 1.  Observed and fitted antibiotics series from 2000 to 2007,
The solid line represents the actually observed antibiotics series; the
dashed line represents the fitted antibiotics series from the time series
regression model that uses influenza-like illness as an explanatory
series.,
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Hospital use of carbapenems is rapidly growing

Per capita total carbapenem use, hospital sector,
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Health insurance increases prescribin

Table 4. Use of oral, mjected, and all antibiotics per person per year by level of family income and
insurance plan

Free plan Cost-shanng plans
(N = 1935) (N = 3830) Rauo of free
- ——,— ———— -shanng

Antibiotic use and Number of Number per Number of Number per ( confidence

income tertile® antibiotics person antibiotics person 1 al)t
Oral anubotics

Upper one-third 548 0.94 723 0.58 .55.1.72)

Middle one-third 577 093 669 0.57 S3.1.7H)

Lower one-third 442 0.72 386 0.33 97, 2.39)

All incomes 1670 0.85 1825 0.48 72. 1.86)
Injected antubiotics

Upper one-third 45 0.08 89 0.07 77.1.54)

Middle one-third 69 0.11 75 0.06 27.2.36)

Lower one-thard 38 0.06 45 0.04 0S5, 2.44)

All incomes 187 0.10 221 0.06 39,.2.01)
All antibiotics

Upper one-third 593 1.02 X112 0.65 51, 1.63)

Middle one-third 646 1.04 744 064 57.1.70)

Lower one-third 4R0 0.78 431 0.17 94, 2.30)

All iIncomes I1X57 0.96 2046 0.53 .75, 1.86)
*Numbers shown for income tertiles do not sum to totals because income was unkRown 138 claims

on the free plan and 59 on the cost-sharing plans.
tTaylor's senies 95% confidence intervals [12). ratio and confidence intervals
significant digits.



Association between health insurance and
antibiotics prescribing in four counties in rural
China

Hengyin Dong **. Lennart Bogg *. Clas Rchnberg “,
Vinod Diwan "

Table 5

Types of antiblotics by financing groups

Systems Insurance (V) Out-of-pocket (") Total (M) /o r
Total cases e oM
Penicillin 97 (A T.9 200 (45.3) 06 (42.7)

Gentamicin IS (1D 74 (16.1) 109 (15.2)

Norfloxacin 27 (10.5) 17 (5.0) 64 (R9)

Cephalosporins 22 (8.6) 17 (A7) 39 (5.4)

Sulfonamides 13¢50 21 (4.6) M7

Others 62 (24.2) 103 (22.3) 165 (23.0)

County hospital 20 o016
Newer drugs 25 (M.5) 15 (20.5) 40 (258)

Old drugs 57 (69.5) S8 (79.95) 115 (74.2)

Township hospital 1.5 o
Newer drugs 16 (121) W (17.2) 46 (15.0)

Ol drugs 116 (87.9) 144 (X2.%) 260 (85.0)

Village health station 0002
Newer drugs % (1om 10 (4.7) 18 (7.0)

Ol drugs 34 (310 204 (95.3) 238 (93.0)

Respiratory infections 7.5 o0om
Newer drugs 20 (18.9) 19 (8.5) 30 (1Ls)

O1d drugs 86 (31.1) 208 (9.5 201 (88.2)

Digestive system infections 1.0 032
Newer drugs 14 (23.0) 18 (16.7) 32 (189)

Old drugs 47 (T 90 (83.3) 137 (81.1)

* Fishet's exact test (two-tailed),



Global availability of colistin
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Emergence of plasmid-mediated colistin resistance
mechanism MCR-1 in animals and human beings in China:
a microbiological and molecular biological study

Yi-Yun Liv*, Yang Wang*, Timothy R Walsh, Ling-Xian Yi, Rong Zhang, James Spencer, Yohei Doi, Guobao Tian, Baolei Dong, Xianhui Huang,
Lin-Feng Yu, Danxia Gu, Hongwei Ren, Xiaojie Chen, Luchoo Ly, Dandan He, Hongwei Zhou, Zisen Liang, Jian-Hua Liv, Jianzhong Shen

Summary

Background Until now, polymyxin resistance has involved chromosomal mutations but has never been reported via
horizontal gene transfer. During a routine surveillance project on antimicrobial resistance in commensal Escherichia
coli from food animals in China, a major increase of colistin resistance was observed. When an E coli strain, SHP45,
possessing colistin resistance that could be transferred to another strain, was isolated from a pig, we conducted
further analysis of possible plasmid-mediated polymyxin resistance. Herein, we report the emergence of the first
plasmid-mediated polymyxin resistance mechanism, MCR-1, in Enterobacteriaceae.
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Lancet Infect Dis 2015

Published Ondine
November 18, 2015
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Countries reporting plasmid-mediated colistin resistance encoded by mcr-1

B Avmats [ Homans B Animals and humans [l Animals and environment [l ST .

Dats sowrce Al-Towfiq J A Lasmmmacayes, R & Mendelsan, M. How should we respend to the emergence of %"""q“:—;
planmnd mredated cotntin resatance i bumans and snimals? Int 1 Infect Dis. [Z0TAL doe 10 5014/].ipd 7014.11.415 CDDEP Econarmics & Policy



lll. Drivers of antibiotic use relate to incentives and behavior of patients,
physicians, pharma, payers and healthcare institutions.



Incentives for Physicians

 Satisfying patient expectations




Frequency of Antibiotic Prescribing by Faciors Related 1o
Patients’ Expectadons of

Antibiotics (N = 482)

Artibictic
Prescribed
F actor Mo .* (96) Mo, (3] OR (95% CI)
Patient expects antibictic
ves 200 (60) 26 (1.7-3.9)
Mo 150 (31) = reference
Mo answer 42 (9) 258 (67)

Clinician believes paiert

expeds an antibiotic
Yes 235 (62) 47 (3.2-71)

Mo 182 (38) reference
Mo answer 21(=1) 20100
Antibiotic helped similar

ilnes= in the past
Yes 254 (59) 4.5 (2.9-6.9)
Mo 170 (35) =te referencs

Dont know 19 (4 12 (63)
Mo answer 9(2) S (5E6)

MOTE: Because some queastions were unansawered, the numbers may not add up to 452
*ih oupatents with nonspediic upper respirgtony nfedions, acane bronchiti=s, or acnte sinusts.
OF denotes odds ratio; Cl, confde nce interval.

Dosh, J
Fam Pr 1999



Decision fatigue increases inappropriate prescribing

A Antiblotics sometimes @ Overali(n=21867) O Antiblotics never
indicated (n=7544) Indicated (n=14323)

751
r-’/\‘ Relative to the first hour of a
i .f session, the adjusted odds
* ratios of antibiotic prescribing
g is ] in the fourth hour was 1.26
% | (95% Cl, 1.13-1.41)
& M
2 454
2 o—f
£

254
A Sam 10aw 11am tunch 1pMm 2PM 3PM  4PM
Hour of the Day

Linder et al, JAMA IM, 2014
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Antiblotic restriction
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Figure 1. Changes in antibiotic consumption recorded in the IMS Health
Taiwan database, relative to data from Taiwan’s NHIRD. Biennial



Hospital Incentives

e Antibiotics are a substitute
for infection control

- *Infection control is often
4 not compensated

,’ ~



Relationship Between Occurrence
of Surgical Complications and Hospital Finances

Sunil l"umwn \MD
Be nnetl H. lum MS

Importance The effect of surgical complications on hospital finances is unclear.
Objective To determine the relationship between major surgical complications and

Bar ry Rosenbe 'rge, \ll) MBA per-encounter hospital costs and revenues by payer type.

Stuart A, L Apsitz, Se 1) Design, Setting, and Participants Retrospective analysis of administrative data

Daw "| \“d"" MBA ~ for all inpatient surgical discharges during 2010 from a nonprofit 12-hospital system
—_— In the southern United States. Discharges were categorized by principal procedure and

Dave Mathe won. JD, MBA occurrence of 1 or more postsurgical complications, using International Classification

William R. Berry, AMD.MPP.MPH of Diseases, Ninth Revision, diagnosis and procedure codes. Nine common surgical

T~y - procedures and 10 major complications across 4 payer types were analyzed. Hospital
\l ark Lester, MD, MBA _ costs and revenue at discharge were obtained from hospital accounting systems and
\ml A. Gawande, MD, MPH classified by payer type.

Compared with absence of compllcatlons compllcatlons were
associated with a $39 017 higher contribution margin per patient with
private insurance ($55 953 vs $16 936) and a $1749 higher contribution
margin per patient with Medicare (53629 vs $1880).
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Loncet Infect Dis 2014;
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See Comment page 1168
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Assessment of empirical antibiotic therapy optimisation in
six hospitals: an observational cohort study

Nikolay P Braykov®, Daniel | Morgan®, Marin L Schweizer, Danid Z Uslan, Theodoros Kelesidis, Scott A Weisenberg, Birgir Johannsson,
Heather Young Joseph Cantey, Arjun Seinivasan, £li Perencevich, Edward Septimus, Ramanan Laxminarayan

Summary

Background Modification of empirical antimicrobials when warranted by culture results or clinical signs is
recommended to control antimicrobial overuse and resistance. We aimed to assess the frequency with which
patients were started on empirical antimicrobials, characteristics of the empirical regimen and the clinical
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« At the start of therapy, 220 (30%) patients were [—

afebrile and had normal white blood cell counts.
i+ Appropriate cultures were collected from 432

(59%) patients, and 250 (58%) were negative.
By the 5th day of therapy, 12.5% of empirical
antimicrobials were escalated, 21.5% were

nin

il signs is

narrowed or discontinued, and 66.4% were vith which
unchanged. e
Narrowing or discontinuation was more likely

when cultures were collected at the start of

therapy and no infection was noted on an initial
radiological study.




Antibiotic use in animal sector is increasing globally in response to the
tremendous growth in demand for animal protein.

Meanwhile antibiotic manufacturing is expediting the accumulation of
resistance genes in the environment.
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Demand for poultry in India and China is set to increase two to seven

fold between 2000 and 2030
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[ ] pemand growth attributable to changing consumption patterns
[] bemand growth as a function of both




PigRun

Swine output has surged to feed pork-hungry China

Per-capita Pork Consumption Number of Pigs Produced

WO (mlbona)




DrugBinge

China consumes half the world's antibiotics, with the majority administered to animals

Humans Animals

China 77,760 162,000

of antibiotics used
in total

na-Guo et al in Envicanmental Sclence & Technoloay. May 2015 Bloomberg B
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In 2013, the global consumption of all antimicrobials in food animals was
estimated at 131,109 tons

' Projected to reach 200 235 tons by 2030
>0, 000 Tons R 25

O 10,000 Tons

() 2,000 Tons
O 500 Tors
® 2030

e 2013

3 Van Boeckel et al, Science 2017



Global antibiotic use in food animals by 2030

Capping the use of antibiotics at 50 milligrams (mg) per kilogram (kg) of animal product,
reducing the consumption of meat to 165 grams (g) per day per person, and imposing a 50% tax on
antibiotics could help reduce the use of antibiotics in food animals.

Global antibiotic use in 2030 (1000 tons)
Nointervention | 200
Cap 50 mg/kg of animal product (OECD*+China) | INEEG_—_—_ 5!
Meat reduction 165 g/day  |EEEEEEEGEGEG_—_——— 57
50% tax [, 1::
Meat reduction and 50% tax | 106
Cap 50 mg/kg of animal product and meat reduction [N ©5
Cap 50 mg/kg of animal product, meat reduction, and 50% tax [N 40

*OECD- Organvaation or Economec Co- operation and Devedopment Goonpa Gugletmw/Scionce; Data 1.7 Van Boocke! of a1 ReGutung 2ntimecroDil wie i 1000 2oemaly

Van Boeckel et al, Science 2017



 Total consumption in China
- 92700 tons in 2013,

54000 tons of antibiotics
excreted by human and

animals - much of this

entered into the receiving
environment following

various wastewater
treatments into 58 river

basins of China

Unit: tiyr

99.3 237 378 &K7 914 1550 2190 3560
Zhang et al, Env Sci Tech, 2015
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Diverse and abundant antibiof
in Chinese swine farms

Yong-Guan Zhu*®"2, Timothy A. Johnson“®', Jian-Qiang Su®, Min
Syed A. Hashsham®®, and James M. Tiedje“??
*Key Lab of Urban Environment and Health, Institute of Urban Environment, Chinese /

Environmental Sciences, Chinese Academy of Sdences, Beijing 100085, China; and “Ce
Sciences, and “Civil and Environmental Engineering, Michigan State University, East L

No. Resistance .
Genes Detected
o3 8588

Contributed by James M. Tiedje, December 31, 2012 (sent for review October 31, 201

@ Antibiotic deactivation
O Efflux pump
ioch- i i+ati @ Cellular protection

ngh capac.lty quantitative PCR arrays detected 149 Bother] ik

unique resistance genes among all of the farm

samples, the top 63 ARGs being enriched 192-fold s

‘ g i inoglycoside

(median) up to 28,000-fold (maximum) compared @Beta Lactam

with their respective antibiotic-free manure or soil ::A?.QB

controls. @ Tetracycline

@ VVancomycin
O Other/ efflux




The Prevalence of Extended-Spectrum Beta-Lactamase-Producing
Multidrug-Resistant Escherichia Coli in Poultry Chickens and Variation
According to Farming Practices in Punjab, India

Charles H. Brower,! Siddhartha Mandal? Shivdeep Hayver,® Mandeep Sran,? Asima Zehra,® Sunny J. Parel,®* Ravaneet Kaur,®
Leena Chatterjee,” Savita Mishra,® B.R. Dax.” Parminder Singh,®* Randhir Singh,* J.P.S. Gill.,* and Ramanan Laxminarayan’*

Brower et al, Environmental Health Perspectives, 2017
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Pharmaceuticals and Personal Care Products in the Environment

CONTAMINATION OF SURFACE, GROUND, AND DRINKING WATER FROM
PHARMACEUTICAL PRODUCTION

High amounts of four antibiotics were measured in the lakes that do not take in wastewater from the sewage plant. The levels of
ciprofloxacin (2.5 mg/L) and cetirizine (20 pg/L) in one of the lakes was higher than previously measured levels in the blood of people
taking the medications, report the authors. This suggests there are other unknown sources - perhaps illegal dumping - of wastewater
responsible for polluting the lakes.

In addition, effluents from a wastewater treatment had concentrations of ciprofloxin of 14 milligrams per liter (mg/L) and cetirizine as
high as 1.2 mg/L. These concentrations are approaching therapeutic doses (concentratios that would kill some microorganisms

outright). Concentration reported in the US range in the nanograms per liter (ng/L), which are one million fold less.

high concentrations of seven additional pharmaceuticals. Very high concentrations of ciprofloxacin (up to 6.5 mg/L), cetirizine (up to
1.2 mg/L), norfloxacn (up to 0.52 mg/L), and enoxacin (up to 0.16 mg/L) were also detected in the two lakes, which clearly shows that
the investigated arca has additional environmental sources of insufficiently treated industrial waste. Thus, insuflficient wastewater
management in one of the world's largest centers for bulk drug production leads to unprecedented drug contamination of surface,
ground, and drinking water. This raises serious concerns regarding the development of antibiotic resistance, and it creatés 4 major
challenge for producers and regulatory agencies to improve the situation.

Fick et al Env Tox and Chem, 2009
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Increase of
antibiotic
resistance genes

among soils
collected at five
sites in The

Netherlands from
1940 to 2008.

Knapp et al Env Sci Tech, 2010



Antibiotic consumption in livestock, top ten countries 2010-2030 (projected
for 2030)

35,000
2010 - 2030

25,000
5
~ 15,000
5,000
G

THE CENTER FOR
‘ D D E P Disease Dynamics,
Economics & Policy

Van Boeckel et al., PNAS, 2015 T



Improvement in the Average Daily Growth (ADG) of pigs fed antibiotics

over time

% Zimmerman, 1986

o

& Hays, 1978
% Hays, 1978

# % improveme nt
ADG, Nursery

% Hays, 1978
% Hays, 1978

pigs

% improvement
ca

5]

i

# % improvement
ADG, Growing-

#* Hays, 1978
# Hays, 1978

finishing pigs
4 Dritz, 2002

4 Zimmerman, 1986

# Miller, 2005

Miller, 2003 #

Yan Lunen, 2003
— & Eirlfz, 2002

1950

1960 1970 1980 1990

2000

2010

Laxminarayan et al, OECD Report, 2015




Productivity reductions and costs per produced pig incurred by
removing AGPs

Increased workload
(30 sec./pig at $25/hour)

Excess mortality

Total cost (0.6% * $73/pig (20kg)

$1.34

Increased medication
(25500 kg valued at $9.09

million for 23.5 million pigs)
Excess feeding days
(1.6 days * $0.19/day)

Laxminarayan et al, OECD Report, 2015



V. Isfinding new antibiotics the answer?
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Loss of first line drugs increases drug costs

Cost ratio to first-line drug

80
70
60
50
40
30
20
10

Gonorrhoea

0.03

=)
=3
=
2
g
2
=
‘ath
3rd
L P L7 L 7 ~ d
Malaria Shigellosis Pneumonia
0.05 0.06 0.14 Cost per patient with

first-line drug (US$)

Source: WHO Policy Perspective 2005, adapted from WHO Model Formulary, WHO Clinical Guidelines and

Management Sciences for Health’s 2004 International Drug Price Indicator Guide (slide courtesy: David
Heymann)



The rich pay with their wallets, the poor with their lives

Developed world

3
S
o
3
o)

s
o

o
)
>
[
a

Linezolid
Vancomycin
Gemifloxacin
Ammox. /Clav
Ceftriaxone
Levofloxacin
Ciprofloxacin

Azithromycin

Coftrimoxazole
AMmoxacilin
Chicramphenicol

Tetracycline

Devel world cost per course of therapy Supplier
ﬁ oo
o0 Eli Lilly
Oscient
e GsK
Roche
e rT— Ortho-McNeil
Bayer
$39 Pfizer
- -Bronded product only Roche
- -Generic product available GSK
IDA
5*
m various

. $3.60 i $1,500
$0 $25 $50 $75 $100  $125  $150  $17 $200

Price/full course of therapy

Notes: *Chloramphenicol is not available in developed world—price is therefore estimated. Ceftriaxone and
ciprofloxacin may be available in some tertiary settings in developing world.
Source: The Medical Letter (2006), Disease control priorities in developing countries, Lancet (2006), Expert

interviews.
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Pipeline of new anti-microbial drugs growing after a long lag
But prices are likely to be high

...Is being addressed by large recent reinvestment in novel

Significant gap in first introduction of new antimicrobial classes... marhaniem davalnnman t
90
Year Class of drug
1935 Sulfonamides # of
1941 Penicillins 80
1044 . . molecules
Aminoglycosides *
1945 Cephalosporins
1949 Chioramphenicol Ll ”o
1950 Tetracyclines
1952 Macrolides / Lincosamides /
Streptogramins
1956 Glycopeptides 60
1957 Rifamycins
1959 Nitroimidiazoles
1962 Quinolones 50
10RR Trimathnnrim
30 year development gap
40
2000 Oxazolidinones
g%g gmpepﬁdc!% # of molecules in non-standard anti-
yoylcydlines microbial classes in all phases of 30
Pleuromutilins
development
20
10

"Source: “Bad Bugs, No Drugs” white paper, Pharmaprojects, Rodman and Renshaw, Nature Reviews Drug Discovery, BCG Analysis



Total # New FDA Approved Antibacterial Agents, 1983-2014

Data sources: idsociety.org, FDA, Nature Reviews annual FDA drug approvals, 2006-2014



Trends in development of new antibiotics
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Trends in development of new antibiotics

Of the 61 new antibiotics approved between 1980 and 2009, 26 (43%)
were withdrawn either because of toxicity or lack of market, compared

with a 13% withdrawal rate for other therapeutic categories (Outterson et

al 2013)
[ Beta-lactams mW Quinolones
[ Aminoglycosides B Macrolides/Lincosamides/Streptogramins
[ Oxazolidinones M Lipopeptides
@ Other




New antibiotic launches since 1994

Year

[ Quinolone | Toyama Chemical Co.

T I iexosmithwine

Launch ity Pharmaceutical Company
vy
EE2) T | Cbepenen | AstraZeneca .
i 2007
B QD) [rrourcauinolone| Bayer ==
- Pizer CEEEEEDD [ctvcotiopeotio) Pizer
Ll CEZTED) | Giycopeptide | Targanta Therapeutics

CLETINED|  Macrolide | Sanofi-Aventis 2008 m r ________ = [ =)
[Mmbml Choongwae Pharma

v e e gy v e

S
Fooroainalone] Anhui Global
2002 [ Ertepener J Il " S

B LR | Fluoroguinolone | SSP Co,
GCIITED) [woroauinokons| Nippon Shinyaku Co. se— [ )

2009 Caﬂob Een . | Johnson & Johnson
S [uoroquinclone | Toyama Chemical Co. kad
j—
[Fhomq-mobml LG Life Sciences
wyoth
2005

[ Carbapenem |Janssen Pharmaceuticals
0 G I o Pharmaceuticats | BRI ISR sanscen Pharmaceuticas

Fig. 3. Antibiotic pipeline for the past 20 years.

boptvtld- Theravance

DHFR inhibitor | Arpida

bipenem I Carbapenem ] Meiji Seika Pharma Co.

m—c«w
2011

D Il ovtimer Pharmaceticas

Laxminarayan, Science, 2014



New antibiotic launches since 1994
An‘mmcroblul
L‘y““‘:h chass (old) | pharmaceutical Company
ear crobla

mm[ Carbapenecrm ]AstraZeneca M[ Quinolone ]Toyama Chemical Co.

= [ | T I xosmithwaine
Flouroquinolone| Bayer -

R

2000 Linezobd | Oxazolicinone il mlmycoupopepudo] Pfizer
2 Incentives for new antibiotics, as proposed by BARDA

and EU may encourage new drug development but don’t
2 impact incentives for using drugs appropriately

2007

w

i Co.

DHFR inhibitor | Arpida

Fluoroquinclone| LG Life Sciences ml CarbapemmT Meiji Seika Pharma Co.

T Viyeth CEEDD | cophaiaporin | Cerexa
Carbapenem | Janssen Pharmaceuticals m Optimer Pharmaceuticals

2000
E
= B

Fig. 3. Antibiotic pipeline for the past 20 years.
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Laxminarayan, Science, 2014



BLADE OF GRASS IS
RESPONSIBLE FOR
LOSS OF FOOT

. W. Jones, athletic director of the
Athens Y. M. C. A. yesterday suffer.
ed the loss of his right foot, the
maember having been amputated just

abhove the ankle.

Mr. Jones, it seems, recently was
exercising on a plot of grass, dew on
a blade of grass cutting him slightly
Just under the little toe. The cut
did not heal as quickly as it should

bhave and medical attention was call.
ed, but to no avail. Blood polsoning

| bad set in, and it was imperative that |’
the foot be amputated to prevent the|

poisen spreading furtber.

Weekly Banner, 18 July 1854, p. 2, col. 2.
@A thens-Clarke County Heritage Room, 2011,







™ e+ Bacteriophages
* Probiotics
* Quorum sensing

* Synbiotics




Price in USD
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Price in USD
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Penicillin Linezolid

Market Launch: 1941 2000



Price in USD
$ 40,000

$ 20,000

$ 200 % 155 $ 181

$ 100 —;
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Penicillin Linezolid Daptomycin

Market Launch: 1941 2000 2006



Price in USD
$ 40,000

$ 31,000

$ 20,000

$ 200
$ 100 —;

$0.20 )

$ 0.10

Penicillin Linezolid Daptomycin Sipuleucel-T

Market Launch: 1941 2000 2006 2010



United Nations

A/?l/L.Z
General Assembly

{

Distr.. Limated
22 September 2016

Ongmal: English

Seventy-first session
Agenda item 127
Global health and foreign policy

Draft resolution submitted by the President of the General Assembly

Political Declaration of the high-level meeting of the General Assembly
on antimicrobial resistance



Resistancemap.org
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Slides are @www.cddep.org
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