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Introdução

Alexander  Fleming. Penicillin. 
Nobel Lecture, December 11, 1945

“But I 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.”
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Introdução
Factors that promote antibiotic resistance: 

‣ Bacterial population density in health care facilities 

‣ Inadequate adherence to best infection control 
practices 

‣ Increase of high risk patient populations 

‣ Antibiotic overuse in agriculture 

‣ Global travel and tourism (including medical tourism) 

‣ Poor sanitation and contaminated water systems 

‣ Improper antibiotic prescribing in human 
medicine 

‣ Overprescription of broad-spectrum antibiotics 

‣ Paucity of rapid diagnostic tests to guide 
proper antibiotic prescribing  

‣ 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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Chatterjee A et al. Lancet Inf Dis 2018 DOI: 10.1016/ S1473-3099(18)30296-2



Introdução
antibiotic concentration gradients in the human body. The
concept of antibiotic gradients in antibiotic selection
was introduced by Baquero & Negri (1997) and was
originally developed with two in vitro models, one of
which used Streptococcus pneumoniae expressing different
penicillin susceptibility levels due to distinct penicillin-
binding protein (PBP) arrangements (Negri et al., 1994).
The other model used a collection of isogenic E. coli isolates
with different ESBL variants, conferring variable levels of
cefotaxime and ceftazidime resistance (Blázquez et al.,
2000). In both models, selection of resistant bacteria
only occurred within a certain window of concentrations,
but neither above nor (presumably) below these con-
centrations. Antibiotic selective gradients ensured the selec-
tion of bacteria with very small differences in MIC values
(Baquero et al., 1998). In vivo confirmation of this principle
of concentration-dependent selection was obtained in ani-
mal models and is supported by mathematical modelling
(Negri et al., 2000). It has been proposed that the practical
application of this concept aiming at prevention of resis-
tance might be achieved by establishing a MPC, derived
from in vitro susceptibility testing (Drlica, 2001; Zhao &
Drlica, 2008). The MPC, which is above the MIC, is defined
as the concentration that restricts the emergence of first-step
resistant mutants within a susceptible population. Thus,
once the antibiotic concentration surpasses the MPC at the
site of infection, the emergence of resistance is expected to
be limited (Cantón et al., 2006). The MSW (Drlica, 2001)
refers to the range of concentrations between the MIC and
the MPC (see Fig. 2 and Glossary).

Unlike MIC testing, which typically uses an inoculum
size of approximately 104–105 CFU mL!1, the calculation of
the MPC needs a large inoculum (approximately
109–1010 CFU mL!1). This high inoculum is chosen to
ensure the presence of first-step resistant mutants within
the susceptible bacterial population. Practical calculation of
MPC values requires a series of agar plates with increasing
antibiotic concentrations; the minimum concentration in-
hibiting all bacterial growth defines the MPC. An initial view
of the MPC did not consider the emergence of resistant
bacteria as a dynamic phenomenon over time. MPC should
also be established with new PK/PD knowledge (Croisier
et al., 2004; Tam et al., 2005, 2007; Mouton et al., 2011),
which is considered one of the most important limitations.
In addition, some bacterial cells, when applied to agar plates
at the MPC, may survive even though they may not be
visualized as colonies. These bacterial cells, which do not
grow, are persister cells (not mutants). Persisters are dor-
mant cells that form stochastically in microbial populations
and are tolerant to antibiotics. When the antibiotic is
removed after the challenge, persisters are found to be
susceptible to the antibiotics (Lewis, 2010) (see the section
Emergence of antimicrobial resistance in biofilms and the

contribution of hypermutators and persisters for a more
extensive discussion).

Initial calculations of MPC values were developed for
quinolones and microorganisms that accumulated resistant
mutants in a step-wise manner under appropriate antibiotic
pressure, including Mycobacterium tuberculosis, S. aureus
and S. pneumoniae (Dong et al., 1999, 2000; Blondeau
et al., 2001). Consequently, high antimicrobial doses ensur-
ing antimicrobial concentrations above the MPC at the
infection site were suggested for respiratory tract infections
(Cantón et al., 2006). In addition, combination therapy
approaches were justified, particularly when the frequency
of resistant mutants under selection pressure with a single
drug was high, as in pulmonary tuberculosis or in ventila-
tor-associated pneumonia due to P. aeruginosa (Zhanel
et al., 2006). Double mutants rarely emerge under the
selective pressure of two antimicrobials.

The MPC concept can be used with bacteriostatic and
bactericidal agents and has been calculated for several
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Fig. 2. MSW and MPC. The figure illustrates three different situations

where an antibiotic is administered. Curves represent the pharmacoki-

netics (concentration over time) of an antimicrobial agent and squared

boxes represent the bacterial population. (A) The pharmacokinetic curve

is below the MIC; thus, no selection of a resistant mutant subpopulation

within the wild-type population is expected, but see text for a discussion

of the possible selection of resistant mutants at subinhibitory concentra-

tions. (B) The pharmacokinetic curve is mainly within the MSW; there-

fore, the resistant mutant subpopulation within the wild-type population

can be selectable. (C) The pharmacokinetic curve surpasses the MPC;

thus, the susceptible bacteria are inhibited and selection of a resistant

mutant subpopulation is potentially avoided. This is an idyllic, desired

outcome as resistant mutants may still be amplified eventually, even

when microorganisms are within the MSW.

FEMS Microbiol Rev 35 (2011) 977–991 c" 2011 Federation of European Microbiological Societies
Published by Blackwell Publishing Ltd. All rights reserved

981Emergence of antibiotic resistance

Cantón R, Morosini MI. Emergence and spread of antibiotic resistance following exposure to antibiotics. FEMS Microbiol Rev. 2011, 35: 977-91



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



Antimicrobial stewardship

• 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



Antimicrobial  stewardship

• Que objectivos? 

✓ Melhoria dos outcomes para o tratamento e prevenção de infecção  

✓ Minimizar efeitos adversos e toxicidade da terapêutica antimicrobiana 

✓ Minimizar o impacto na resistência e outros efeitos ecológicos 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



Antimicrobial stewardship
Formulary-related	Strategies

•Formulary	automatic	
substitution/therapeutic	
interchange	policies

•Formulary	 restriction	
•Formulary	 restriction	with	
preauthorization	

•Formulary	 review/streamlining

Structural/Process Strategies

•Automatic	 stop	orders
•Checklists
•Clinical	decision	support	
systems/computerized	physician	
order	entry

•Drug	use	evaluation/medication	
use	evaluation

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

•General	antimicrobial	order	forms	
•Improved	antimicrobial	
documentation

•Scheduled	antimicrobial	
reassessments	("antibiotic	time-
outs")

•Surgical	antibiotic	prophylaxis	
optimization	

•Systematic	antibiotic	allergy	
verification

Clinical Strategies

•De-escalation	and	streamlining
•Dose	optimization	
•Identification	of	inappropriate	
pathogen/antimicrobial	
combinations	("bug-drug	
mismatch")	

•Preventing	 treatment	of	non-
infectious	conditions

•Prospective	audit	with	
intervention	and	feedback	

•Scheduled	antimicrobial	
reassessments	("antibiotic	time-
outs")

•Targeted	 review	 of	patients	with	
Clostridium	difficile	infection	

•Targeted	review	of	patients	with	
bacteremia/fungemia	

•Targeted	 review	 of	redundant	
therapy	or	therapeutic	
duplication

•Therapeutic	drug	monitoring	
(with	feedback)

Prescribing Guidance Strategies

•Clinical	decision	support	
systems/computerized	physician	
order	entry

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

•Empiric	antibiotic	prescribing	
guidelines

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

•Intravenous	to	oral	conversion	
•Prescriber education

Microbiology-related Strategies

•Antibiograms
•Cascading	microbiology	
susceptibility	reporting

•Improved	diagnostics
•Promotion	of	timely	and	
appropriate	microbiologic	
sampling

•Strategic	microbiology	results	
reporting

Adaptado	de:	http://www.publichealthontario.ca/en/BrowseByTopic/InfectiousDiseases/AntimicrobialStewardshipProgram/Pages/ASP-Strategies.aspx
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Antimicrobial stewardship e resistência
Consumo ATBs

lvarez-Lerma F et al A Before-and-A3er Study of the Effec;veness of an An;microbial Stewardship Program in Cri;cal Care. An;microb Agents Chemother. 2018 Mar 27;62(4).



Antimicrobial stewardship e resistência
S. aureus R gentamicina S. aureus R ciprofloxacina

S. aureus R oxacilina P.aeruginosa R imipenem

Hwang H, Kim B. Sci Rep. 
2018 Oct 3;8(1):14757.  



Antimicrobial stewardship e resistência

E.coli E.coli

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



Antimicrobial stewardship e resistência

C. difficile

Johan Karp et al. J Antimicrob Chemother 2018



Antimicrobial stewardship e resistência

‣ 32 estudos observacionais incluídos 

‣ 51% de redução na incidência Gram neg MDR (IR 0,49; IC 95% 0,35–0,68; p<0,0001) 

‣ 48% de redução na incidência de ESBL (IR 0,52; IC 95% 0,27–0,98; p=0,0428) 

‣ 37% de redução na incidência de MRSA (IR 0,63; IC 95% 0,45–0,88; p=0,0065) 

‣ 32% de redução na incidência de Clostridium difficile (IR 0,68; IC 95% 0,53–0,88; p=0,0029)

Baur et al. Lancet Infect Dis 2017 Published online



Antimicrobial stewardship e resistência
GNB MDR

Baur et al. Lancet Infect Dis 2017 Published online



Antimicrobial stewardship e resistência
MRSA

Baur et al. Lancet Infect Dis 2017 Published online



Antimicrobial stewardship e resistência

“In	conclusion:	
…An-bio-c	 stewardship	 programmes	 have	 an	 essen-al	 role	 in	 comba-ng	 the	 development	 of	 an-bio-c	
resistance, especially for MDR Gram-nega;ve bacteria… 

…Co-implementa-on	of	hand-hygiene	improvement	interven-ons	with	an-bio-c	stewardship	programmes	
has a synergis-c	effect and is thus recommended for future an;bio;c stewardship planning…  

…Good quality interven;on studies are needed to help	 priori-se	 the	 various	 an-bio-c	 stewardship	
programmes	for	each	specific	resistance	scenario”



Antimicrobial stewardship e resistência

‣ 221 estudos incluídos (58 RCT’s) 

‣ Risco de morte semelhante em ambos os grupos (11%) (RD 0%; IC 95% -1% a 0%; 28 RCT’s; 
15827 doentes) 

‣ Duração de internamento diminuída em 1,12 dias (IC 95% 0,7-1,54 dias; 15 RCT’s; 3834 doentes) 

‣ Diminuição do tratamento antimicrobiano em 1,95 dias (IC 95% 1,67 a 2,22 dias; 14 RCT’s; 3318 
doentes) 

‣ Redução de infecções por Clostridium difficile (-48,6%; IC 95% -80,7% a -19,2%; 7 estudos) 

‣ Não demonstrado impacto nas resistências



Antimicrobial stewardship e resistência

• Revisão sistemática (26 estudos): 

‣ 27% (7) com resultados positivos 

‣ 12% (3) com resultados positivos limitados 

‣ 27% (7) com resultados dúbios 

‣ 15% (4) com resultados negativos 

‣ 19% (5) com resultados não interpretáveis



Antimicrobial stewardship e resistência

“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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Antimicrobial stewardship e resistência

KPC Bloodstream infection KPC colonizationEstratégias implementadas: 
- Coorte de doentes 
- Intensificação de educação 
- Optimização de higiene de 

mãos e limpeza 

- Promoção de regimes 
“poupadores de 
carbapenemos


- Revisão de todas as 
prescrições de carbapenemos 
em 48h 

Viale P et al. Infect Dis Ther (2015) 4 (Suppl 1):S65–S83 



AMS e ERC em Portugal…

Consumo de carbapenemos

K. pneumoniae susc. reduzida a 
carbapenemos



AMS e ERC em Portugal…

Consumo de carbapenemos

K. pneumoniae susc. reduzida a 
carbapenemos

Porquê?
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Determinantes da resistência

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



O Desafio das EPC:  
Que papel para o PAPA?

✓Prevenção da emergência de resistência 

✓Limitação da disseminação de resistências 

✓Diminuição do nível de resistências atuais

Importante



O Desafio das EPC:  
Que papel para o PAPA?

• Prevenção da emergência de resistência 

• Limitação da disseminação de resistências 

• Diminuição do nível de resistências atuais
Decisivo 

Fundamental
• Contexto de estratégias multimodais 

• Integração com estratégias de prevenção e 
controlo de infeção 

• Reconhecimento da complexidade das resistências



Knowing is not enough; we must apply. 
Willing is not enough; we must do. 

Goethe
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