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Working party background

ABR Event

i fletin
Longev\‘“‘.:‘ ?:‘r aculty of Actuarnie
o the Insttuie =

Staple Inn
May 2016

® Develop a simple modelling framework with plausible
parameterisation to allow actuaries to develop their own views on
likely and stress mortality impacts

® This framework would be developed in a UK context but would be

expected to be readily transferable to other countries Es
® Working party started in January 2017 L@g}
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Medical overview

Nicola Oliver




What is antibiotic resistance...

Normal bacteria
ibioti i I Resistant bacteria
How antibiotic resistance occurs B oo et
1 2. 3. 4 Pesst | Hey kid! Wama be 4 Superbug..?

Qlick sme of this info your genome...

Bacteria cells in the Antibiotics kill Antibiotic resistant Antibiotic
human body. Some are bacteria but resistant bacteria multiply resistance spreads
drug resistant strains remain

It was on a short-cut through the hospital kitchens that Albert
was first approached by a member of the Antibiotic Resistance.

"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.” Sir Alexander Fleming, 1928 Institute
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EXAMPLES: EXAMPL EE
Aminoglycosides Chloramphenicol

Beta-lactams Enythromycin
vancomycin Clindamycin

Quinolones Sulfonamides

Rifampin Trimethoprim

Metronidazole Tetracyclines

How does It actually work (the sciencel!)
?%%

23 November 2017 7

Institute
and Faculty
of Actuaries




What are the sources of resistance?

Sources of resistance How animals can pass on resistant bacteria

Manufacture
__of a\s N mtr"d'-fc
antimicrobials

Direct contact
between animals and
humans

Consumption
of meat from
animals

Animals
including
livestock,

aquaculture
and pets

Infographics sourced from “Review on Antimicrobial Resistance” 2014

v v v v ?ﬁﬁg
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How does ABR affect people and our work?

Morbidity

//

Septicaemia Mortality

Trauma Pneumonia

Routine cuts and grazes Chemotherapy Heart surgery

Meningitis  STIs  Childbirth Bowel surgery Joint replacement
I I . —
0 18 40 60 80 Age (years)

Change insurance Revised pricing of Pension fund reserves -
products? existing insurance? over-estimated? Y855 | nstitute
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Trends In resistance...

16

Third-generation cephalosporin resistance
14 rates in E. coli across Europe, showing the UK,
1999 to 2012 (Department of Health, 2015)

12

10

% of samples resistant

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

= pper quartile Median =——Lower quartile UK

What is the actuarial response to these trends... model it!

These bacteria are associated
with higher frequency of
inappropriate antimicrobial
therapy, poorer clinical
response, and longer length of
hospital stay
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Public Health
England
A : In England,
Protecting and improving the nation's heefth o = day T,
E - - - il 500 'rnona.lity is 1.-1,7‘ )
Healthmatters Preventing infections and reducing AMR in patients it

1. The scale of Since the : E. coli now accounts
the problem E. coli has been the for of all Gram-

Preventing infections from of blood negative BSIs

OCCHng I 100 st paca s stream infection (BSI)
one of the best ways to prevent
antimicrobial resistance (AMR).

AMR can be developed in
bacteria, viruses, fungi and
parasites that cause infection,
making them resistant to
treatment. Every infaction
prevented reduces the need for

and use of antimicrobials, which

glturlﬂ |9559n5mﬂ19 P;iﬂnllal for > cases of E. coli BSI were reported
sl i between 1 April 2016 and 31 March 2017

Gurrently in the UK the greatest | = !

and increasing threat from drug " 7.3

resistant organisms is from T

Gram-negative bacteria. E. coli is

e I maam E. Coli current cause of
Cagean anda oo concern for Public Health
England, so plenty of available

data to play with.....
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...and why it Is important?

“We have reached a critical point and must act now on a global scale to slow down antimicrobial
resistance” — Professor Dame Sally Davies, UK Chief Medical Officer

Tackling resistance
takes along time...

Deaths attributable to antimicrobial resistance every year by 2050

T} - ' Changing

g 2 , : behaviours

North America

317,000 l i . Developing
b Nd T new
] antibiotics
Latin America Africa ' Oceania
392,000 4,150,000 22,000
2 —
iz@& annsdI Igagulty
Source: Review on Antimicrobial Resistance 2014 e | of Actuaries
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Model structure and
parameterisation
Sheridan Fitzgibbon




How can we model this impact?

Modelling criteria

«  Simplicity

Healthy

o(H,S) ) o(H,R) - Availability of data

*  Appropriate outputs

ofS,H) o(R,H)
Basic structure decided on:

Sick with an infection - Multi-state Markov model
resistant to
antibiotics

(R)

Sick with an infection
susceptible to
antibiotics

. » (Calibrate to current observed levels

of mortality and morbidity

o(S,D)

o(R,D) » Eroject varying resistance over.
‘M g time and calculate the change in
mortality and morbidity
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@‘_  Current and historical resistance profiles for S.

_ aureus, E. coli and selected other infections vs
Public Health various antibiotics

England

AD

BUROPEAN CENTRE FOR
DISCASE PREVERTION
AND COMTROL

Office for
AN National Statistics

O PLOS | Seenier,
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@  Current and historical resistance profiles for S.

_ aureus, E. coli and selected other infections vs
Public Health various antibiotics.

England
 Resistance is not absolute. Resistance can be to a

@ single antibiotic, or multidrug resistance.

C . Bias? Are samples more likely to be taken from the

B L very ill? Will resistant strains be over-represented
because of this?

Office for

AN National Statistics

O PLOS | Seenier,
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% e Incidence rates for bacteraemias.

Public Health
England

@ g

e IE:'- \1‘%{ ) C
b
¥
Wi
EUROFEAM CEMTRE FOR
DISCASE PREVIMTION
ARD COMNTRDL

Office for
AN National Statistics

O PLOS | Seenier,
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% e Incidence rates for bacteraemias.

Public Health e Limited data. E. coli monitoring in England goes
England back to 2013.
@ e Limited evidence for how resistance interacts with
ey incidence.
eCOoC
B e » Bias? Monitoring is of HCAIs.

Office for
AN National Statistics

O PLOS | Seenier,
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% e Death rates for bacteraemias.

Public Health
England

@ g

e IE:'- \1‘%{ ) C
b
¥
Wi
EUROFEAM CEMTRE FOR
DISCASE PREVIMTION
ARD COMNTRDL

Office for
AN National Statistics

O PLOS | Seenier,
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Data sources — what i1s available?

w  Death rates for bacteraemias.
Public Health « Limited data. E. coli monitoring in England goes
England back to 2013.

e Granularity of data:
o Confounding causes of death?
« Academic literature is helpful here.

_  Large error bounds around estimates of the relative
b’ Offlge for o virulence of resistant and susceptible strains.
AN National Statistics

O PLOS | geeaser,

« Bias? The most ill are more likely to be sampled.
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Trends INn resistance can be observed

ELOC Surveillance Atlas of Infectious Diseases

(— —% [ Antimicrobial resistance * = Escherichia coli * | Third-generation cephalosporins * = Non-susceptible (I and R) isolates proportion + 2015+ ‘ : D i - ﬂ: ‘
Non-susceptible (1 and R) isolates —;;.'--- : —_-" 3 Nen-susceptible (1 and R) izolates
Region - proportion Ry e proportion (%)
(88} !
Luxembourg 13.0 A o -
Malta 12.2
Wetherlands 6.3 5-<10%
Norway 6.9
Poland 12.5 , . 1= 2%
Portugal 16.8
Romania 27.4 . 2iral
Slovakia 3L.5
Slovenia 14.0 . 50-<75%
Spain 12.0 _,'
Sweden 6.5 - “ i) > .
P 4 - =75%
Hrtbed Kinardon 118 =
Naon-susceptible (I and R) isolates propartion, by age Bar
20 100
i
&
k! 80
o~ 15
3Z
s 80
o= 5 (1]
ot 1 e
- 40
ge
§° s
a 20
[
2
: : — . —
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 5-18 1564

ECDC EARS-Network has data on how e e ——
resistance has increased over time A [ of Actuaries
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...and extrapolated forwards
!ﬁlﬂdﬂﬂﬂhﬂﬁh&hﬁﬂﬁl

-\

This data can be
used to inform
projections of the
future position

(Y

S Ui b © Tl g caphaeap— -

c e OLwmay

o

Projected growth in % E. coli resistance

2002 2012 2022 2032

Actual experience == = Projected growth

NN PEm S S NS NN S MR NSNS SR WSS Wui EE) R Ema WA e L]

[LX ]
s | i et
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.'..and extrapolated forwards

’? « Survelllance Atlas of Infectious Diseases

+ Al vl ceveniaen e 0 (bt ok - el geeeogios | ephatotgeres - B sws spiiee | g §) okaiey g - o i O i . 1(: '
o emagnien | oed 8
s ™~ Projected growth in % E. coli resistance
.:.- N
e _
- -
- -
» =
- E - e
i
'
y 2032
|
!4

>rojected growth

Continued resistace = == Tapered resistance = «= Decreasing resistance

TR A T . Ry
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Other considerations

TACKLING ANTIMICROBIAL
RESISTANCE ON TEN FRONTS

Public Sanitation
awareness : and hygiene

Ant_lblotlcs in . Vaccinesand
agrlcult_ure an alternatives
the environment

Rapid

Surveillance . -
diagnostics

Human capital

Global International
Innovation Fund coalition for action

Review on

. Antimicrobial
Resistance

WHO IS
PRESCRIBING?

@ g Hospital inpatients

s . Hospltal outpatients

.‘"I

0
74 / 0 * Dental practices
General practice @ ﬁ Other community settings

jailijn?i Lg ,
7 1in3

individuals

G g

i e

il N

0 q

‘% . in England takes at
ul H’i St e o

| antibiotics each year
= ¥

n hospitals in England ‘g
are on an armblouc at
any one time

Infographics sourced from “Review on Antimicrobial Resistance” 2014

30 years since a
new class of
antibiotics was last
introduced....

Barriers to

R&D
Investment

Cautious
optimism in

2 new
compounds
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‘Results’ and next steps

Matthew Edwards




Example Results: E. coli resistance

* Initial example parameterisation based on: thegual‘dian

« Growth in E. coli bacteria resistant to 3rd :
generation cephalosporin antibiotics E coli: the deadly European outbreak

o A g es 1 9 _ 6 4 | e. WO I‘kl n g ag e p 0 p u I at| on Questions and answers about the virulent strain of the E coli bacterium, which

has killed 17 people and left more than 1,500 ill

ety

fw' ' %“p." -:s; ae g

* Projected position in 2037, i.e. 20 years’ time ot Yo VAW ;-

* Under a plausible central scenario there would be a
[1]% annual uplift in overall mortality

* In an extreme scenario, based on 95% confidence
level upper bound, there would be a [2-3]% annual
uplift in overall mortality

* And this is just for one strain of bacteria ...

. . Wakh . a e - ~ al ,
* Model will help actuaries understand the overall “ - -
impact on mortality/morbidity and quantify the =% netitute
financial impact, even calibrating their own scenarios "*@‘i and Faculty
sy | of Actuaries
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Working party — next steps

Model development

ABR Event

® Move to matrix method

Staple Inn
April 2018 main bacteria (5?)

® Validation / Documentation

® Parameterisation — other

® Full model release
® Suggested parameterisation based on UK data

® Associated paper —main issues relating to sources of ABR, mitigation
actions, recent trends, other projection results / methodologies, and
background to our model and results from the model
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Questions

23 November 2017

Expressions of individual views by members
of the Institute and Faculty of Actuaries and
its staff are encouraged.

The views expressed in this presentation are
those of the presenter.
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