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By 2050, the death toll could be a staggering

one person every three seconds
if AMR is not tackled now.

DEATHS ATTRIBUTABLE
TO AMR EVERY YEAR

Tetanus
60,000

Road traffic
accidents

1.2 million

Measles
130,000

Diarrhoeal
disease

1.4 million

AMR in 2050
10 million

Cancer
‘, 8.2 million
AMR now /
700,000
(low estimate)
Cholera
100,000—
120,000

Diabetes
1.5 million
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European Centre for Disease Prevention and Control. Surveillance of antimicrobial resistance in Europe — Annual report of the European Antimicrobial Resistance Surveillance Network (EARS-Net) 2017. Stockholm: ECDC; 2018.



“But | would like to sound one note of warning. Penicillin is to all intents and purposes non-poisonous so
there is no need to worry about giving an overdose and poisoning the patient. There may be a danger,
though, in underdosage. 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. Penicillin.
Nobel Lecture,December 11,1945
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EXHIBIT 6: Correlation between antibiotic use and resistance*®




Factors that promote antibiotic resistance:

» Bacterial population density in health care facilities » Poor sanitation and contaminated water systems

) Inadequate adherence to best infection control > Improper antibiotic prescribing in human
practices medicine

» Increase of high risk patient populations > Overprescription of broad-spectrum antibiotics

> Antibiotic overuse in agriculture > Paucity of rapid diagnostic tests to guide

proper antibiotic prescribing

» Global travel and tourism (including medical tourism)
» Lack of approved vaccines for drug resistant

pathogens

Watkins RR, Bonomo RA. Infect Dis Clin N Am 30 (2016) 313-322
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Maternal antibiotic exposure 0-19%
Antibiotic use in animals 0-38% . .
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Does antibiotic restriction prevent resistance?

McGowan JE Jr, Gerding DN.

Emory University School of Medicine, Atlanta, GA, USA.
New Horiz. 1996 Aug;4(3):370-6.

Antimicrobial resistance among some hospital organisms has increased to a stage where it can no longer be tolerated.
The need for preventive and corrective measures is urgent. There is an association between the use of antimicrobial
agents and resistance that is likely causal. Alterations Iin antimicrobial usage have been shown to affect
antimicrobial resistance rates, particularly with use of aminoglycosides. Efforts to improve antimicrobial use through
educational efforts alone have been largely ineffective, even when coupled with quality management or clinical guideline
aspects. Thus, further work is urgently needed to determine the impact of antimicrobial-use controls. Additional large-
scale, well controlled trials of antimicrobial-use regulation employing sophisticated epidemiologic methods, molecular
biological organism typing, and precise resistance mechanism analysis will be required to determine the best methods to
porevent and control this problem and ensure our optimal antimicrobial-use "stewardship." Consideration of the
long-term effects of antimicrobial selection, dosage, and duration of treatment on resistance development
should be a part of every antimicrobial treatment decision.



Table 1. Recommendations (with ratings®) for management of antimicrobial agent resistance

Problem Useful solution Rating References
1. High level” of carbapenem-resistant Reduce fluoroquinolone and/or carbapenem  BIII 12,9,35,69-72]
P. aeruginosa use
2. High level of fluoroquinolone- Reduce fluoroquinolone use and change Al 9,16,67,69,75-78]
resistant P. aeruginosa primary drug to ciprofloxacin
3. High level of carbapenem-resistant Reduce carbapenem use and assess for All [31-33]
A. baumannii clonal problem
4. High level of B-lactam resistance in Reduce extended-spectrum cephalosporin BIII [35]
P. aeruginosa use and replace with piperacillin-tazobactam
5. High level of ESBL-producing Reduce extended-spectrum cephalosporin use Al [29,53,55-61]
Enterobacteriaceae and replace with piperacillin-tazobactam or
imipenem-—cilastatin or ampicillin—sulbactam
6. High level of gentamicin-tobramycin Replace with amikacin Al 25-27 ]
resistance in Enterobacteriaceae
7. Concern over presence of VRE Reduce cephalosporin and fluoroquinolone use Al 43-45,62,63)
and replace with piperacillin-tazobactam
8. Concern over presence of MRSA Reduce cephalosporin and fluoroquinolone BIII 50,53,54,81-84]

9

use, and replace with a pf-lactamase
inhibitor drug
. Concern over presence of C. difficle  Reduce cephalosporin, clindamycin and
fluoroquinolone use and replace with:
(a) piperacillin-tazobactam or
(b) ticarcillin—clavulanate

Al and BIII, [49,64-66,85-87]
respectively,
for (a) or (b)

L.R. Peterson. Clin Microbiol Infect 2005; 11 (Suppl.5):4-16



e O que é?

“...we suggest viewing antimicrobial stewardship as a strategy, a coherent set of actions which promote using
antimicrobials responsibly. \We stress the continuous need for ‘responsible use’ to be defined and translated into context-
specific and time-specific actions.”

“Antimicrobial stewardship programes are a set of interventions that aim to ensure the judicious use of antimicrobials by
preventing their unnecessary use, and by providing targeted and limited therapy in situations where they are wanted... refers to
how the judicious use of antibiotics can maximize both their current effects and the chances of their being available

for future generations”

O.J. Dyar, Clin Microbiol Infect 2017;23:793



e Que objectivos?

v Melhoria dos outcomes para o tratamento e prevencao de infeccao

v Minimizar efeitos adversos e toxicidade da terapéutica antimicrobiana

v Minimizar o impacto na resisténcia e outros efeitos ecologicos adversos (ex: C. difficile)

Nathwani D. Hospital Epidemiology and Infection Control, 4th ed. 2012
Doernberg SB et al. Infect Dis Clin N Am 31 (2017) 513-534



Formulary-related Strategies

e Formulary automatic
substitution/therapeutic
interchange policies

e Formulary restriction

e Formulary restriction with
preauthorization

e Formulary review/streamlining

Structural/Process Strategies

e Automatic stop orders

e Checklists

e Clinical decision support
systems/computerized physician
order entry

eDrug use evaluation/medication
use evaluation

e Facilitation of appropriate and
timely antimicrobial
administration in severe
sepsis/septic shock

e General antimicrobial order forms

e Improved antimicrobial
documentation

eScheduled antimicrobial
reassessments ("antibiotic time-
outs")

e Surgical antibiotic prophylaxis
optimization

e Systematic antibiotic allergy
verification

Clinical Strategies

e De-escalation and streamlining
eDose optimization

e |dentification of inappropriate
pathogen/antimicrobial

combinations ("bug-drug
mismatch")

e Preventing treatment of non-
infectious conditions

e Prospective audit with
intervention and feedback

eScheduled antimicrobial
reassessments ("antibiotic time-

outs")

e Targeted review of patients with
Clostridium difficile infection

e Targeted review of patients with
bacteremia/fungemia

e Targeted review of redundant
therapy or therapeutic
duplication

e Therapeutic drug monitoring
(with feedback)

Prescribing Guidance Strategies

e Clinical decision support
systems/computerized physician
order entry

e Disease-specific treatment
guidelines/pathways/algorithms
and/or associated order forms

e Empiric antibiotic prescribing
guidelines

e Facilitation of appropriate and
timely antimicrobial

administration in severe
sepsis/septic shock
e Intravenous to oral conversion
e Prescriber education

Microbiology-related Strategies

e Antibiograms

e Cascading microbiology
susceptibility reporting

e Improved diagnostics

e Promotion of timely and
appropriate microbiologic
sampling

e Strategic microbiology results
reporting

Adaptado de: http://www.publichealthontario.ca/en/BrowseByTopic/InfectiousDiseases/AntimicrobialStewardshipProgram/Pages/ASP-Strategies.aspx
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Antimicrobial stewardship
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lvarez-Lerma F et al A Before-and-After Study of the Effectiveness of an Antimicrobial Stewardship Program in Critical Care. Antimicrob Agents Chemother. 2018 Mar 27,62(4).

2012
Time (quarters)

| |

2014 2016

FIG 1 Defined daily doses (DDDs) of antimicrobials used in the ICU per 100 occupied beds before and
after implementation of an antimicrobial stewardship program in 2011 (quarterly data).

ICU-acquired MDROs

(% patients)

Parameter 2007 2008 2009 2010 2011 2012 2015 Pt

Patients analyzed (April to June) 120 108 107 131 126 130 153

Men (%) 70 72.2 60.8 63.4 65.9 66.2 60.1 0.353

Mean age in yrs (SD) 579(17.5) 59.4(17.4) 57.5(19.8) 61.7(159) 56.7(17.9) 59.4(194) 595(19.7) 60.6(17.9) 60.9(16.2) 0.366

Mean APACHE Il score on ICU 16.3(9.0) 169(9.5) 16.7(86) 183(90) 17.1(96) 146(80) 16.3(9.6) 155(9.8) 16.9(10.2) 0.109
admission (SD)

Mean ICU stay in days (SD) 11.5(124) 13.4(143) 11.8(12.5) 9.5(94) 8.7 (8.3) 84(10.8) 8.7 (9.6) 83(11.3) 8.0(9.5) <<0.001

ICU mortality (% patients) 12.5 16.7 12.2 13.7 11.1 11.5

12.4 0.468

|
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Jonas Boel, et al. Journal of Antimicrobial Chemotherapy, Volume 71, Issue 7, 1 July 2016, Pages 2047-2051



C. difficile
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Figure 2. Use of iv cephalosporins and HCF-CDI cases attributed to iv
Figure 1. Cephalosporin use and incidence of HCF-CDI. Left y-axis shows  cephalosporins. Left y-axis shows use of iv cephalosporins and right y-
use of cephalosporins and right y-axis shows incidence of HCF-CDI. axis shows HCF-CDI cases attributed to iv cephalosporins.

Johan Karp et al. J Antimicrob Chemother 2018



» 32 estudos observacionais incluidos

» 51% de reducao na incidéncia Gram neg MDR (Rro0,49; 1c 95% 0,35-0,68; p<0,0001)

» 48% de reducao na incidéncia de ESBL (ro.52; 1c 95% 0,27-0,98; p=0,0428)

» 37% de reducao na incidéncia de MRSA (ro.63; 1c 95% 0,45-0,88; p=0,0065)

» 32% de reducao na incidéncia de Clostridium difficile (ro.es; ic 95% 0,53-0,88; p=0,0029)

Baur et al. Lancet Infect Dis 2017 Published online

Articles I

Effect of antibiotic stewardship on the incidence of infection
and colonisation with antibiotic-resistant bacteria and
Clostridium difficile infection: a systematic review and
meta-analysis

Summary

Background Antiblotic stewardship programmes have been shown %o reduce antiblotic use and hospital costs. We
aimed 10 evaluate evidence of the effect of antiblotic stewardship on the inddence of infections and colonksation with
antibiotic-resistamt bacteria

Methods For this systematic review and meta-amalysis, we searched PubMed, the Cochrane Database of Systematic
Reviews, the Cochrane Central Register of Controlled Trials, and Web of Science for studies published from Jan 1, 1960
to May 51, 2016, that analysed the effect of amtiblotic stewardship programmes on the inddence of infection and
colonksation with antibbotic.resistant bacteria and Costridiom difficile Infections in hospital lspatients. Two authors
independently ssessed the dligibiliny of trisks and extracied data. Stodies imvolviag loag-term care Ricilities were
st luded. The muin cstcomses were inidence ratios (IR) of target isdections and colonsation per 1000 gativnt-days
before and after implementation of antibsotic stewardship, Meta-analyses were done with randome-effect models and
heterogeneity was calculated with the P method

Findings We included 32 studies in the meta-analysis, compreising 9056 241 pathent-days and 159 estimates of 1Rs
Antibiotic stewardship programsmes reduced the incidence of infections and colonisation with multidoug-resistant
Gram-negative bacteria (515 reduction; [R 0-49, 955 C1 0-35-0.-68; p<0.0001), extended-spectrum [Hactimase-
producing Gram-negative bacteria (453%5; 052 0-27-0-98; pa®- 0428), and meticillim-resistant Staphylococeus aureus
(37%: 063, 0-45-0-38; pel-0065), as well as the incidence of C diffiale infections (32%; 068, 0.53-0.8%;
p=0:0029). Antiblotic stewardship programmes were more effective when implemented with infection control
measures (IR 0.69, 0.54-0.53; p=0.0030), especlally band-hygiene imerventions (0.34, 0.21-0.54; p<0.0001)
than when implemented alone. Amtibiotic stewardship did not affect the IRs of vancomycin-resistant esterecocd
and quinclone-resistant and aminogly coside-resistant Gram-negative bacteria, Signilicant beterogeneity betwewn
studies was detected, which was partly expliined by the type of interventions and co-resastance patterns of the
target hactera,

Interpretation Antiblotic stewardship peogrammes significantly reduce the incldence of infections and colonisation
with antibiotic-eesistant bacteria and C difficile infections in hospitsel ispatients. These results provide stakeholdess
and policy makers with evidence loe implementation of amtibiotic stewardship interventions to redsce the burden ol
imfections from amtibiotic-resistant bacterss

Funding German Center for Infection Research

Introduction Four systematic reviews and met-analyses  have
In view of the increasang number of infections caused by summuarised the evidence of the effects of antibiotic
antibsotic-resistant bacteria, restriction of unnecessary  stewardship programmes in hospital  inpatients

antibectic use and optimisation of infection contral  Feazel and colleagues™ focused on Clestridium difficile
measures are of the utmost importance.” Strategies for  infections and showed a reduction of 52% in the

optimal antibéotic use are highly recommended among  Incidence of these Infections after lmplementation of

measures 10 limit the increasing espansion of antibiotic-  antibiotic  stewardship,  althcugh  with  significant

resistant bacterial popuiihons at both ’):nll“.ll and |u'h'tn'grm"y the sources of Heteropy |'rilj. were not
community levels,”” Antibiotic stewardship programmes  explamed. Schuts and colleagues® analysed the effect of
include heterogeneous imterventions, such as anditng. 14 stewardship objectives. Implementation of six of
of empirical therapy according to
g from

o ol treatment, llu'l.nlzc'ulu drug

restriction of specific antiboctics, restriction of treatment  these objectives {us

duration, and antiblotic cycling or mbang® The guldelines, deescalation of therapy, swi

implementation of these messures has boen shown 0 intravenous

sagnihcantly reduce hospital costs and sse of antibictics.™  momitoring.  restriction  of  antibsctics, and  bedside
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GNB MDR

Events/patient-days

Incidence ratio

(95% C)
Before After
Apisarnthanarak etal®  MDR Pseudomonas aeruginosa 13/2889 1/1324 . 0-08 (0-00-1-41)
Marra et al** Imipenem-resistant Acinetobacter baumannii  23/8421 2/8066 ——m— 0-09 (0-02-0-39)
Apisarnthanarak etal®®  XDR A baumannii 33/2889 2/1324 . 0-13 (0-03-0-55)
Takesue et al*? Metallo-B-lactamase GNB 27/698794 6/635794 . : 0-24 (0-10-0-59)
Cook and Gooch? Carbapenem-resistant P aeruginosa 44/220474 13/261318  —e— 0-25(0-13-0-46)
Peto et al* MDR P aeruginosa 2/4280 1/4217 - p 0-25(0-01-5-63)
Takesue et al® MDR GNB 39/698794  10/635794 ~ ——— 0-28 (0-14-0-56)
Arda et al*® Meropenem-resistant Acinetobacter spp 28/285606  10/308852 . 0-33(0-16-0-68)
Leverstein-van Hall et al** MDR Enterobacteriaceae 9/19142 4/23583 - 0-36 (0-11-1-17)
Yeo et al* Carbapenem-resistant P aeruginosa 17/20469 8/21798 - 0-44 (0-19-1-02)
Arda et al*® Meropenem-resistant P aeruginosa 8/285606 4/308852 - 0-46 (0-14-1-54)
Marra et al*! Imipenem-resistant Klebsiella pneumoniae 6/8421 3/8066 o » 0-52(0-13-2-09)
Marra et al*! Imipenem-resistant P aeruginosa 15/8421 8/8066 N 0-56 (0-24-1-31)
Arda et al*® Meropenem-resistant A baumannii 45/285606  29/308852 . 0-60 (0-37-0-95)
Meyer et al** Imipenem-resistant P aeruginosa 34/13502 33/21420 * 0-61 (0-38-0-99)
Yeo et al”® Carbapenem-resistant A baumannii 10/20469 9/21798 . » 0-85(0-34-2-08)
Zou et al*° Meropenem-resistant P aeruginosa 185/834560 172/883500 e 0-88 (0-71-1-08)
Niwa et al® Imipenem-resistant P aeruginosa 11/128146 15/113873 - » 1.53(0:70-3-34)
Aubert et al*? Imipenem-resistant P aeruginosa 49/5100 44/2548 : —p 1.80(1-20-2-70)
Overall <P 0-49 (0-35-0-68)
[=76-2%, p=0-000 | T r |
0 0-5 1.0 1.5 2:0
+—— E—

Antibiotic stewardship  Antibiotic stewardship
programme effective programme not effective

Baur et al. Lancet Infect Dis 2017 Published online
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\

Events/patient-days

Incidence ratio

Before After

Apisarnthanarak et al'® 17/2889 1/1324 0-06 (0-00-1-07)
Chalfine et al* 17/113194 2/153283 R L. 0-09 (0-02-0-38)
Chalfine et al*! 123/113194 26/153283 —— 0-16 (0-10-0-24)
Smith et al* 105/119/9 11/6012 R S 0-21(0-11-0-39)

Frank et al*/ 68/103573 18/91965 * 0-30 (0-18-0-50)
Schultsz et al*? 44/2708 19/3384 *> 0-35 (0-20-0-59)
Cook and Gooch? 229/220474 118/261318 —— 0-43 (0-35-0-54)
Yeo et al”’ 40/20469 23/21798 * 0-54 (0-32-0-90)
Miyawaki et al** 213/293655 186/305149 0-84 (0-69-1.02)
Arda et al** 87/285606 85/308 852 0-90 (0-67-1-22)
Meyer et al** 127/13502 189/21420 * 0-94 (0-75-1-17)

Niwa et al”® 172/128146 151/113873 + 0-99 (0-79-1-23)
Zou et al® 196/834560  284/883500 . 137 (1-14-1-64)

Aubert et al*’ 44/5100 38/2548 * > 1-73 (1-12-2-67)
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Antimicrobial stewardship e resisténcia

“In conclusion:
..Antibiotic stewardship programmes have an essential role in combating the development of antibiotic

resistance, especially for MDR Gram-negative bacteria...

..Co-implementation of hand-hygiene improvement interventions with antibiotic stewardship programmes
has a synergistic effect and is thus recommended for future antibiotic stewardship planning...

..Good quality intervention studies are needed to help prioritise the various antibiotic stewardship
programmes for each specific resistance scenario”
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2271 estudos incluidos (58 RCT’s)

Risco de morte semelhante em ambos 0s grupos (11%) ro o%; iIc 95% -1% a 0%; 28 RCT':
15827 doentes)

Duracao de internamento diminuida em 1,12 dias (c 95% 0,7-1,54 dias; 15 RCT's; 3834 doentes)

Diminuicao do tratamento antimicrobiano em 1,95 dias (c 95% 1,67 a 2,22 dies; 14 RCT's; 3318

doentes)

Reducao de infeccoes por Clostridium difficile (-4s.6%;1c 95% -80,7% a -19,2%; 7 estudos)

Nao demonstrado impacto nas resisténcias

Cochrane
L|brary

Interventions to improve antibiotic prescribing practices for
hospital inpatients (Review)
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® Revisao sistematica (26 estudos):
p 27% (7) com resultados positivos
p 12% (3) com resultados positivos limitados
p 27% (/) com resultados dubios
» 15% (4) com resultados negativos

» 19% (5) com resultados nao interpretaveis
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Kry Worss: Background: Ancmicrobial stewardship programs (ASPs) hawe been proposead 2s 2 solution for the global
Astmicobial siew asship burden of anuiblocic reststance, despite the Lck of evidence on the subject.

igection control ) Obfecrive: To analyze the role of ASPs in reducing bacrerial resistance 1o amibiodcs in hospital semings.
amfbiodc sestuamce, bt Dara sources: A review In PubMed, Scopus, LILACS, and SCELD databases was performed. The period

FEview, sysiematic anahgred was jamuary 1 2012-january 4, 2017.

Higidiry oteriac Studies thar relaed ASPs 10 bacterial reststance.
Dara extracrion: All studies thar did no focus on ASPs were removed. Antifungal and anchviral pro-
grams were excluded.
Resulrs: Only 8 studies had quash- experimental designs, and none were controlied trials ASP siraegies
and microorganism-anibiocic pairs evaluaed varied widely. Seven studies were classified s presenting
Clearty posigve resules, 3 had Bmired posiove resuls, 7 had doubdul results, 4 had negacive resulcs, and
5 had nonimerpretabile results. The implementaion of new infection control pracuices ocooumed in 7 smudies.
Lemimarimns: There are yet few studies on this mares, and most of them have inadequare study designs.
Grear hererogeneity benw een study fearures was derrimental o drawing evidence-based conclusions.
Conclusians: There &s no solid evidence that ASPs are effective in reducing ancibiotic resiszance in hos-
plzal semings. We uphold the need for more studies with appropriase siudy designs, standardized ASP
Inserv enuions @ryenng common microorganism-anudiocic pairs, and avoiding simultansous implemen-
tacion of infecxion comirol pracuices.
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Inc. All nights reserved.

The antibictic era began in 1923 with the discovery of penicil-
lin by Alexander Fleming. Antimicrobial resistance was already 2
problem df global public health in the 1940s, 2 few years after the
introduction of antibiotics into clinical practice. The World Health
Organization, together with member states and collaborators, pro-
duced in 2014 for the first time 3 document that portrays the exact
magnitude of the situation conceming bactenial resistance in the
world." The study clearly states that resistance to common bacte-
ria has reached alarming levels. According to the World Health
Organization report, groups of key antibictics no longer work for
half of the patients in several countries: carbapenems, which are
administered to treat infections caused by Klebsiclla pneumoniae,
and fluoroquinolones, indicated for treatment of urinary

* Addeess cormespondence 0 Leandeo C. Senollo, Rua Oscar Freire, 2571772, S0
Paula, SP CEP 05400012, Sraxil
Ema address: bermiioleandrodgmad com (LG, Berolio).
Comflicxs of imeeres None 10 repore

infections, have been proven ineffective against pathogens in >50%
of patients’ The emergence of antimicrobial resistance is a threat
to public health **

Behind this scenario lies the extraordinary genetic ability of these
microorganisms. A wide range of biochemical and physiologic
mechanisms may be involved in the development of bacterial
resistance,* and the lack of knowledge about the complex relation-
ship between pathogen exposure to drugs and the development of
resistance justifies the few advances in resistance prevention and
control. The most obvious and probably most costly example re-
garding public health (morbidity and mortality) concerns bacteria.
In 2009, databases” listed >20,000 potential resistance genes of 400
different types.

The development of bacterial resistance to antimicrobial agents
is triggered by the selection of resistant organisms® during indi-
vidual or populational antibiotic-based treatments.” * Another form
of contact of individuals with resistant species is through agricul-
ture: because antibiotics are used as growth supplements in
lvestock *'® resistant bacteria of these animals may reach consum-
ers through consumed animal products '

01966559 © 2018 Associarion for Professionals im Infiecrion Comeeol and Epidemiciogy, Inc. Published ty Ebevier Inc. AR righes reserved.



“Conclusion:

There is no solid evidence that ASPs are effective in reducing antibiotic
resistance In hospital settings... need for more studies with appropriate
study designs and standardized ASP interventions... Implementing new

infection control measures simultaneously with ASPs should be
avoided because it may be a major confounding factor that was
present in a substantial proportion of studies.”
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Estratégias implementadas: KPC Bloodstream infection KPC colonization
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Adaptado de: Bassetti et al. Intensive Care Med (2017) 43: 1464-1475



Effect on resistance rate
of 1 SD increase in each
explanatory variable (logit)

-

Usage (tanardised) -0-88 o B 0-64

¥ Governance index o

Health xpntureinde o --S-S

GDP per capita (standardised) 6:62
Education index - 793
Climate index 2000 033
R’ 0-54

GDP=gross domestic product. R*=coefficient of determination.

Table 2: Effect of changes in indices on the resistance of Escherichia coli to
third-generation cephalosporins and fluoroquinolones

Effect on resistance rate of
1SDincrease in each
explanatory variable (logit)

p value

GDP per capita index | 3-6 - 0-11
(standardised)

Education index 859

R’ 0-75

GDP=gross domestic product. R*=coefficient of determination.

Table 3: Effect of changes in indices on the aggregate resistance rate

Collignon P et al. Lancet Planet Health 2018; 2: e398-405

Anthropological and socioeconomic factors contributing to
global antimicrobial resistance: a univariate and
multivariable analysis

Petert oflgnon, jofn | .-'.-.;; Timothy R YWailsh, Sumanth Gandra, Ramanan Laxmmarayan

Summary
Badkground Understanding of the i dors driving global antimicrobial resistance is limited. We analysed amtimicrobial
resistance and antibiotic consumption worldwide versus many potential cantributing factors.

Methods Using three sources of data [ResistanceMap, the WHO 2014 repart on amtimicrobial resistance, and
contemparary publications), we created two glabal indices of antimicrobial resistance for 103 countries using data
fram 2008 %0 20M: Eschenchia coli resistance —the global average prevalence of E coli bacteria that were resistant to
third generation ce phalosporins and fluoroquinalones, and aggre gate resistance—the combined awe age prevalence
of E coliand Klebsiella spp resistant %o third generation cephalasporins, fluaroquinalones, and arbapenems, and
meticillinresisant Staphplococcus aurens. Antibiotic consumption data were obtained from the IQVIA MIDAS
database. The World Bank DataBank was used to obtain data for govermance, education, gross domestic product
(GDP) per capita, health<are spending, and community infrastructure feg, sanitation). A corruption index was
derived using data from Transparency International. We examined associations between antimicrobial resistance and
potential contributing factors using simple correlation for a univariate analysis and a bogistic regression model for a
multivariable analysis.

Findings In the uniariate amalysis, GDP per capita, education, infrastructure, public health-care spending, and
antibiotic cansumption were all inversely carrelated with the two antimicrobial resistance indices, whereas higher
temperatures, poorer governance, and the ratio of private to public health expe nditure were pasitively carrelated. In
the multivariable regression amalysis fonfined to the 73 countries for which antibiotic consumption data were
available) considering the effect of changesin indices an E coli resistance (R? 0. 54) and aggregate resistance (R? 0. 75),
better infrastructure [p=0.014 and p=0-0052) and better governance [p=0.025 and p<0-0007) were assodated
with lower antimicrobial resistance indices. Antibiotic consumption was not significantly associated with either

antimicrobial resistance index in the multivariable analysis (p=0 64 and p=0.070).

Interpre tation Reduction of antibiotic consumption will not be suffident to control antimicrobial resistance because
contagion—the spread of resistint strains and resistance genes—seems to be the dominant contributing factor
Improving sanitation, increasing access to chean water, and ensuring good governance, as well as increasing public
health <are expenditure and better regulating the private health sector are all necessary o reduce global antimiarabial
resistance.

Funding None.

Copyright © 2018 The Author(s). Published by Elsevier Lad. This is an Open Access articke under the CC BY-2NCND
4.0 license.

Introduction

Antimikrobial resistance is a substantial global problem
acrass countries rejardless of income level and imposes
a large dinkal and fmancial burden’' Multidrug
resistant bactenia that develop in any wuntry ar region
have been shown to spread rapidly,* and antimicrobial
resistance is recognised as a soalled One Health
problem.”” Although the use and overuse of antibiatics
are primary drivers of the emergence and maintenance
of antimicrobial resistance, other factors contribute to
its increased prevalence.*"”" The observatian of higher
antimkrobial resistince rates in several lowancame
countries and middkincome countries [IMICs), in

which perperson consumption of antibiotics is much
bower than in high-income countries, supports this
ea ™™ Quality of govermance, public spending on
health, paverty fie, gross damestic product [GDP] per
persan), education, and community infrastrucure are
known to alect health oukomes ™™ However pre

vious studies have been limited in their assessment of

antimicrobial resistince and have not been extrapo
Lted ©0 a global scale. Similarly, littke is known about
the effect of dimate an the prevalence of antimicrobial
resistance

The dissemination of antimkrobial resistance can be
described as a two skp process First, de-novo mutations
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v Prevencao da emergéncia de resisténcia

V' Limitacdo da disseminacéo de resisténcias Importante

v’ Diminuicdo do nivel de resisténcias atuais
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® Prevencao da emergéncia de resisténcia

® | imitacao da disseminacao de resistencias

® Diminuicao do nivel de resistencias atuais
Decisivo

Fundamental

® (Contexto de estratégias multimodais
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' ® Integragcao com estratégias de prevencao e
controlo de infecao
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Knowing is not enough; we must apply.
Willing is not enough; we must do.
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