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Abstract
Antimicrobial resistance (AMR) is a growing problem around the world. To meet the threat of a future 
without effective treatment of infection, WHO and other authorities have published strategies and action 
plans.  However,  it  is  unclear  to  what  extent  they  have  been  implemented.  As  the seventh wealthiest 
economy in the world, Brazil could serve as a role model for other fast developing countries in the battle 
against AMR. The objective of this study was  to investigate if and how implementation of international 
AMR strategies is addressed in literature, and to describe how such guidelines have been implemented in 
Brazil. The study was carried out as a literature review of scientific articles and of documents published by 
Brazilian authorities. In the scientific literature great importance was given to a multidisciplinary approach 
and to surveillance, with a special emphasis on local data. Brazilian documents showed a focus on health 
care settings and on actions concerning surveillance. Many tools were in place, such as networks and legal  
framework.  Using  local  data,  identifying  measures  most  important  for  the  target  group  and  then 
implementing them, was considered most important. Generally, there was a lack of assessments. Brazil still 
has a long way to go, but has started out well with its focus on surveillance.
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Abstrakt
Antimikrobiell resistens (AMR) är ett ökande problem i världen. För att möta hotet om en framtid utan 
verksamma behandlingsalternativ mot infektioner har WHO och andra aktörer tagit fram strategier och 
planer. Det är dock oklart i vilken utsträckning de har implementerats. I sin roll som världens sjunde största 
ekonomi skulle Brasilien kunna fungera som förebild för andra snabbt växande länder i kampen mot AMR. 
Syftet med den här studien var att undersöka om och hur implementering av internationella strategier mot 
AMR  diskuteras  i  den  vetenskapliga  litteraturen,  samt  att  beskriva  om  och  hur  strategier  har 
implementerats  i  Brasilien.  Studien  genomfördes  som en genomgång av vetenskaplig  litteratur  och av 
dokument som utgivits av brasilianska myndigheter. I den vetenskapliga litteraturen underströks vikten av 
ett  mångfacetterat  synsätt  och  övervakning,  med  särskild  tonvikt  på  lokala  data.  De  brasilianska 
dokumenten visade att fokus låg på hälso- och sjukvård, samt att åtgärder i stor utsträckning koncentrerats 
till  övervakningsområdet.  Många redskap fanns på plats,  såsom nätverk och legala  förutsättningar.  Att 
använda lokala data, identifiera åtgärder som är viktigast för målgruppen och sedan implementera dem, 
ansågs viktigast. Generellt saknades utvärderingsstudier. Brasilien har mycket kvar att göra, men har börjat 
bra med fokus på övervakning.
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1. Introduction

Although infectious diseases are no longer the major killers in high-income countries, they still are 

in  low-income  countries,  where  lung  infections,  diarrhoeal  diseases,  malaria,  tuberculosis  and 

hiv/aids  continue  to  be  major  causes  of  death  (World  Health  Organization  [WHO],  2011b). 

Worldwide, the two most common causes of death in children under 5 years of age are pneumonia 

and diarrhoeal diseases, and the number of both tuberculosis and hiv continues to increase slowly 

(WHO, 2011c).

Since the mid-20th century, we have been able to treat bacterial infections with antibiotics – 

one of the century's most important medical discoveries (Laxminarayan, 2007a). The global need 

for antibiotics is high and is expected to rise further due to an aging population, an increase in 

immunocompromised patients, and a rising number of specialized surgery (Nordberg, Monnet & 

Cars, 2005:39). However, research efforts to develop new antibiotics have diminished gradually 

since the 1970s, and in the early 1990s, around half of the large pharmaceutical companies had 

either made severe cuts or completely stopped their financing of antibiotic research programs, since 

they  didn't  seem  profitable  (ibid.,  2005:30).  As part of a natural process, microbes develop 

resistance towards the existing antimicrobial agents, and we are now facing the risk of a future 

without effective infection treatments – quite like in the preantibiotic era (Drlica & Perlin, 2011).

To meet this threat, strategies and action plans have been developed by the World Health 

Organization (WHO) and others (see e.g. Carbon,  Cars  &  Christiansen, 2002; Okeke, 

Laxminarayan,  Bhutta,  Duse,  Jenkins,  O'Brian et  al.,  2005).  However,  in  order to  be effective, 

strategies must be implemented. The question is to what extent they are, and how these issues are 

discussed in the scientific literature. 



2. Background 

2.1. Antimicrobial resistance (AMR) and its consequences 

2.1.1. Antimicrobial Resistance – AMR

Resistance happens when a certain pathogen population continues to grow even if  an approved 

antimicrobial treatment for that pathogen is used (Drlica & Perlin, 2011:8). The term antimicrobial 

resistance includes resistance among bacteria, virus, fungi and protozoa (Amabile-Cuevas, 2010). 

Resistance  occurs  through  spontaneous  genetic  mutations  or  when  resistance  genes  are 

transferred from other microbes (Drlica & Perlin, 2011: 73-76, 91-92). Resistant pathogens can be 

transmitted from person to person (ibid., 2011:105), between animals or from animals to humans – 

either through direct contact or by the food chain (Nordberg et al., 2005:10). 

When identifying an infective pathogen, test results often take a rather long time, and many 

prescribing physicians therefore have to choose a treatment without being certain about the causing 

agent. This so called empiric therapy leads to misuse and overconsumption of antimicrobials, 

especially  broad spectrum antibiotics (Drlica & Perlin, 2011: 55-56), which facilitate resistance 

development  by  putting  all  microbes  in  the  patient's  body under  selective  pressure.  Resistance 

development is also favored when treatment directives are not followed, since the concentrations of 

antimicrobials  are  not  harmful  enough  (Amabile-Cuevas,  2010).  Simultaneously to the 

overconsumption, there is a shortage  of antibiotics in some developing countries (Okeke, 

Laxminarayan et al., 2005). 

2.1.2. The AMR situation worldwide, in Latin-America and in Brazil

As pathogens are developing resistance to an increasing amount of antimicrobials, various sources 

assert that the prevalence of AMR is rising globally (see e.g. Drlica & Perlin, 2011; Laxminarayan, 

2007a; Nordberg et al., 2005; Rossi, 2011). Latin-America is no exception and has experienced a 

steady increase in various resistant pathogens during the last decade. The number of MRSA cases in 

hospitals increased from 30 % of isolated strains in 2000 to 50 % in 2007. For gonorrhea, even the 

“last-line” treatment is beginning to fail due to resistance. Resistant tuberculosis is becoming more 

common, as is resistance to the first-line malaria treatment chloroquine (Pan American Health 

Organization [PAHO], 2011). When looking at Brazil's most common pathogens, AMR prevalence 

is generally higher than in Europe and the United States (Rossi, 2011). 



2.1.3. Consequences of AMR

Due to lack of surveillance data and the fact that AMR contains diverse pathogens rather than being 

a disease entity in its own, it is difficult to estimate the exact effects that AMR has on public health. 

However, there is an overall consensus that there are consequences both for the individual, for the 

health care system, and for society as a whole (see e.g. ECDC & EMEA, 2009:2-4; Laxminarayan, 

2007a; Nordberg et al., 2005:19-21; WHO, 2001:11). 

Investigation beyond the normal routine is needed, the necessary extra treatment is usually 

more expensive, there are costs related to isolation of patients and to longer hospital care periods, 

which also leads to loss of productivity (Laxminarayan, 2007a; Nordberg et al., 2005:21). 

The second-line treatments are not only more expensive, but usually have more adverse 

effects. However, the most serious effect on the individual level is the increased mortality. Several 

studies have shown that the mortality in MRSA is twice as high as in infections where the strains 

are not resistant (Nordberg et al., 2005:20-21).

2.2. Measures for containment

Resistance development and spread are partly dependent on factors we cannot do much about, such 

as mutations, dissemination of resistant genes, the pathogens' degree of fitness costs and of 

possibility to reduce them (Andersson, 2005). But there are also factors that we can influence and in 

order to impede the spread of resistance various interventions are needed. Our  ways  of  using 

antimicrobials  can  either  slow  the  development  down  or  speed  it  up  (Laxminarayan,  Malani, 

Howard & Smith, 2007) – both overconsumption, under-use or incorrect use can lead to resistance 

development (Nordberg et al., 2005:4). Other  interventions  needed  are  improved surveillance 

systems and diagnostic methods, development of new antibiotics and alternative treatments, and 

infection control strategies, including immunization programs (Laxminarayan et al., 2007; 

Nordberg et al., 2005:22-25).

2.2.1. The need for a comprehensive plan 

There are still many gaps in our knowledge when it comes to AMR, its consequences and the 

effectiveness of interventions, and much more research is needed (Carbon et al., 2002). However, 

the situation is urgent,  and it would not be justifiable to wait for more data before taking further 

action (Nordberg et al., 2005:21).



For intervention programs to be successful, various stakeholders must participate at all 

levels. Not only health care workers, microbiologists, epidemiologists and pharmacologists play 

important roles, but also politicians and consumers need to contribute (Amabile-Cuevas, 2010; 

Carbon et al., 2002). Antimicrobial effectiveness can be seen as a common property resource, which 

makes it an important area for government involvement. The challenge is to prioritize and combine 

the interventions in an appropriate way (Laxminarayan, 2007b). At the global level, there is a need 

for harmonization of countermeasures; a process where organizations like WHO should take a 

leading role (Carbon et al., 2002). 

2.2.2. Surveillance and diagnostic methods

A well functioning surveillance system of resistance data is essential to contain AMR (Nordberg et 

al., 2005:44). Data needs to be collected at local, national and international levels in order to form a 

basis both for treatment guidelines, for decisions on interventions, and for evaluating interventions 

made (Vlieghe, Bal & Gould, 2010). With these purposes, the surveillance needs to cover resistance 

prevalence as well as trends and specific susceptibility patterns among pathogens. Moreover, there 

is a need for surveillance of antimicrobial use (Nordberg, 2005:44-45). 

The process of obtaining and interpreting resistance data is complicated due to geographical 

differences in microbial strains and antimicrobial usage, as well as in surveillance systems' design 

(Drlica & Perlin, 2011:132; Vlieghe et al., 2010). Also, in places with a lack of financial resources, 

the surveillance is affected negatively in both extent and quality (Vlieghe et al., 2010). 

Improvement of diagnostic methods and development of new tests are other essential 

factors, as they form an important basis for appropriate antimicrobial usage. There is a need for 

non-expensive, accessible, quick tests to differentiate between bacterial and viral infections. If there 

was one, antibiotic consumption could, at least theoretically, be reduced by 50 %. (Drlica & Perlin, 

2011:55-56; Nordberg et al., 2005:36).

2.2.3. Antimicrobial use

Since the misuse of antimicrobials increases the development of AMR, the striving for appropriate 

antimicrobial usage is maybe the most obvious countermeasure. However, this is complicated by 

the many non-medical  factors that  influence the consumption of antimicrobials, such as cultural, 

social and economic conditions. There  is  also  a  lack of knowledge about how  to  best  use 

antimicrobials –  the optimal dose and therapy length –  and more research is needed in this area 



(Nordberg et al., 2005:8-9,45-46). Yet  another problem is the imbalance between individual 

advantages and future consequences. Both the patient and the prescriber are usually more focused 

on the short-term, possible positive effects for the individual than on future negative consequences 

for society as a whole (ibid., 2005:8-9), which also puts the question in an ethical perspective. 

In many countries, the sale of antimicrobials still needs to be regulated in order to impede 

self-prescription, but this has to be done carefully. In regions where access to health care is reduced, 

self-prescription may be the only way to receive treatment (Amabile-Cuevas, 2010).  

Another problem is the scarcity of development of new pharmaceuticals due to the usually 

not  profitable,  but  time-consuming and very costly process (Kaplan & Laing, 2004). Various 

incentives can be created in order for pharmaceutical companies to develop new treatments, such as 

shortened  approval process or extended  patent period. A different idea could be to offer benefits 

connected to the level of effectiveness of the antimicrobial instead (Laxminarayan, 2007b).

2.2.4. Infection control

Resistant pathogens spread the same way other pathogens do, which means an important 

intervention  is to apply common infection control measures, such as general improvements in 

public health, hygiene measures and immunizations programs (Carbon et al., 2002; Drlica & Perlin, 

2011:105; Okeke, Laxminarayan et al., 2005). 

2.3. International strategies

Although there have been ongoing discussions about AMR and countermeasures for years, there 

has been a lack of coherent plans (Drlica & Perlin, 2011:14). At the international level, WHO and 

the EU have published guidelines and encouraged international cooperation, but recommended 

countermeasures have often  not been implemented nationally. This is partly due to  difficulties in 

prioritizing among the interventions, but also because of lacking acceptance by national policy-

makers. The AMR problem is complex, abstract and difficult to explain, which has made it hard to 

reach out to politicians with a clear message (Carbon et al., 2002; Nordberg et al., 2005:22,25-26).

Although increasing, the number of national action plans in Latin-America, Africa and Asia 

has been rather low, while such plans have been developed (but not always implemented) to a larger 

extent in Australia, North America and various European countries (Carbon et al., 2002; Okeke, 

Laxminarayan et al., 2005).



2.3.1. The global level: World Health Organization – WHO

In 2001, WHO published the “WHO Global Strategy for Containment of Antimicrobial Resistance” 

(WHO, 2001). The objective of the strategy was to give a framework for interventions to contain 

AMR in the following ways: 

• to reduce disease burden and spread of resistance; 

• to improve access to appropriate antibiotic therapy; 

• to improve antibiotic use; 

• to strengthen health care systems and surveillance capacities; 

• to enforce regulation and legislation; and 

• to encourage development of new antibiotics and vaccines (ibid., 2001:1-2). 

Besides emphasizing the importance of actions at the international level and the necessity for 

further research, WHO gives 67 recommendations for interventions in the strategy. The document 

also aims at  giving  guidance on how to prioritize and implement the strategy at national level 

(ibid.:61-82). However,  it  has been criticized for being difficult to use and for offering few 

instructions on how to prioritize among the many recommendations (Nordberg et al., 2005:25-26). 

In 2011, the problem of AMR was chosen as a theme for the World Health Day with the 

slogan “No action today, no cure tomorrow”. WHO launched a policy package composed of policy 

briefs bringing up six intervention areas  (WHO, 2011a). The components of the policy package 

were:  to commit to a comprehensive, financed national plan against AMR; to strengthen 

surveillance and laboratory capacity; to ensure access to essential medicines of assured quality; to 

regulate and promote rational use of medicines, including in animal husbandry  (agricultural 

livestock breeding and raising), and ensure proper patient care; to enhance infection prevention and 

control; and to foster innovations, research and development for new tools (ibid., 2011a).

2.3.2. The regional level: Pan American Health Organization – PAHO

In PAHO's general, comprehensive health plans for the Latin American region, not much is said 

about AMR. The “Health agenda for the Americas 2008-2017” does not mention it at all, not even 

when discussing malaria, hiv/aids or tuberculosis (PAHO, 2007). In the “Strategic plan 2008-2012” 

drug resistance is stated to be one of the main challenges for control of tuberculosis, but no 

measures are discussed (PAHO, 2008:36). In a table a target is shortly mentioned for the number of 

countries implementing certain interventions regarding surveillance, but without further comments 

(ibid., 2008:31,39).



In September 2011 PAHO discussed AMR countermeasures in a so called round-table 

discussion at the session of the regional committee. In a  background document, it is stated that a 

multifaceted approach is necessary. The areas of countermeasures that are emphasized are 

surveillance, nosocomial infection control, strengthening of country capacity to contain and control 

AMR in health care settings, and promotion of rational use of antimicrobials (PAHO, 2011).

2.3.3. Strategies in other parts of the world

In 2001 EU published a strategy regarding  AMR and  recommendations on appropriate use of 

antimicrobials (Carbon et al., 2002; Nordberg et al., 2005:23). In 2011 the European Commission 

(EC) launched  an action plan against AMR, emphasizing the  importance of a holistic approach, 

international cooperation and the connection between human and veterinary medicine. The aims of 

the plan are divided into five groups focusing on antimicrobial use and microbiological diagnosis, 

infection prevention, drug development, international cooperation, and research (EC, 2011).

In the USA ten federal agencies cooperate in the Interagency Task Force on Antimicrobial 

Resistance (ITFAR), which published an AMR action plan in 2001. In coherence with both WHO 

and the EU, ITFAR has a broad-based approach to AMR interventions and the plan has four focus 

areas; surveillance, prevention and control, research, and product development (Nordberg et al., 

2005:24-25). In 2011 the plan was updated in line with the same focus areas (Interagency Task 

Force on Antimicrobial Resistance [ITFAR], 2011).

2.3.4. Implementation of strategies at national level

One year after publishing its strategy, WHO organized an international workshop in order to assess 

to what extent the strategy had been implemented in the member states, to identify obstacles and to 

discuss how to overcome them. There were great variations within and between the regions. Some 

of the reasons the strategy had not been implemented were limitations in  resource and health 

infrastructure, shortage  of data, and lack of regulation  enforcement. The workshop resulted in 

agreements on the roles for the different levels within WHO and the importance of a framework 

document, which had been developed prior to the meeting (WHO, 2003).

The existing information about specific interventions might be rather good, but much less is 

known  about how to prioritize and combine different policy options effectively and efficiently 

(Laxminarayan et al., 2007). Thus, the implementation of comprehensive strategies in the field of 

AMR seems to be an area in need of further exploration. 



2.4. Brazil

With  a  population  of  more  than  190 million  people  and an  area  of  almost  50% of  the  South 

American continent, Brazil is by far the largest and most populated country in Latin America (Paim, 

Travassos, Almeida, Bahia & Macinko, 2011; Rossi, 2011). The country is  a federal republic with 

three  political  levels  –  the  federal  government,  26  states  and  a  federal  district,  and  5563 

municipalities. The health system is a complex network formed by three interconnected subsectors; 

the  public  subsector  “Unified  Health  System”  (Sistema  Único  de  Saúde  –  SUS),  the  private 

subsector,  and the private health insurance subsector.  The basis for SUS is the principle of the 

citizens' right to health and the state's duty. Since its creation in the 1988 constitution, access to 

health care in Brazil has improved significantly (Paim et al., 2011). 

Brazil  has made great  progress during the last decades with stable economic growth and 

improvements in social well-being. Today it is  the seventh wealthiest  economy in the world (The 

World Bank Group, 2012). The way Brazilian authorities handle AMR could play an important role 

in the battle against AMR, both because of the ability of (resistant) pathogens to spread beyond 

geographical borders, and because of Brazil's situation as a potential role model for other fast 

developing countries. 



3. Objective and Research Questions

3.1. Objective 

The objective of this study is to investigate to what extent and how implementation of international 

strategies concerning AMR is addressed in literature, and to describe to what degree, and how, such 

strategies have been implemented in Brazil.

3.2. Research questions

1. To what extent is implementation of international strategies  on AMR countermeasures 

addressed within literature?

2. How  is implementation of international strategies  on AMR countermeasures addressed 

within literature?

3. What has been done at national level in Brazil concerning AMR strategies?



4. Method and Material 

For the purpose of this study, a literature review has been  carried out. The review was  based on 

information collected from scientific papers as well as national and international policy documents. 

4.1. Search strategy 

4.1.1. Databases and search criteria

Two databases were chosen for the literature search. PubMed (database in the area of medicine) was 

used since AMR is a medical area, and SCOPUS (database in the areas of medicine, natural science, 

social science and technology) was used since the objective was to study social/political aspects of 

AMR. 

After a few ”test searches” in order to identify appropriate search words, the main  search 

term used was antimicrobial resistance, which includes resistance among bacteria, virus, fungi and 

protozoa. This was combined with the search words strategy and policy. Searches were also made 

using the combination antimicrobial resistance and Brazil. Finally, two more searches were carried 

out with the search words antimicrobial resistance together with strategy and implementation.  

Including criteria were  articles  with a focus on international or national strategies for 

containment of AMR development.

The criteria for exclusion were literature in other languages than English, Swedish, 

Portuguese or Spanish, published before 2000; duplicates of the same articles,  editorials or letters 

describing other (main) articles present in the search results;  literature with a focus on specific 

treatment policies or microbiological aspects; outbreak reports; and prevalence studies (these were 

considered only when specifically concerning Brazil).

4.1.2. Search results and selection of articles

The total number of hits in the data base searches, after excluding articles according to the criteria 

mentioned, was 47 articles. The abstracts were read and another 36 articles were omitted. Hence, 11 

articles were selected for this study. One of them was used as background material and ten in the 

literature review.

A table illustrating the search words, results and selection process is presented in annex 1. 



4.1.3. Additional literature 

Among the articles found in the literature search, two turned out to be second parts of connected 

articles, why their first parts were also added and used as references for the background text. 

Documents were  also  actively searched for on relevant Internet sites, such as WHO, PAHO, 

European Centre for Disease Prevention and Control (ECDC), Alliance for the Prudent Use of 

Antibiotics (APUA) and ReAct. Material from these websites was used as background literature on 

AMR. 

Literature concerning Brazilian policies and actions were searched for through Google and 

at relevant  national ministries' and agencies' websites, mainly Agência Nacional de Vigilância 

Sanitária (Anvisa). 

4.2. Ethical considerations 

Even though the field of AMR has many ethical aspects, this kind of thesis –  based on literature 

studies – does not imply any greater ethical problems. All material has been treated with respect and 

accuracy.  Special authorization or assessment from an ethical committee has  not been  considered 

necessary. 



5. Results

5.1. Implementation issues within scientific literature

5.1.1. Main themes in the selected articles 

Of the ten articles found and selected for this literature review, only three have an international 

perspective. One of them describes the 2001 EU strategy and discusses related EU activities 

(Bronzwaer, Lönnroth & Haigh, 2004), another looks into AMR interventions and tools used in 

intervention assessments (Christiansen, Carbon & Cars, 2002), while yet another brings up 

strategies and implementation in developing countries (Okeke, Klugman, Bhutta, Duse, Jenkins, 

O'Brien et al., 2005). The remaining seven articles all bring  up issues concerning local 

implementation of national guidelines and strategies –  one British article specifically on 

antimicrobial prescribing practices (Knox & Holmes, 2002), one Irish and five American articles 

focusing on local implementation of national strategies, guidelines or campaigns (Brinsley, 

Sinkowitz-Cochran & Cardo, 2005; Chou, Yano, McCoy, Willis & Doebbeling, 2008; Larson, 

Quiros, Giblin & Lin, 2007; Murthy, 2001; Fitzpatrick, Roche, Cunney & Humphreys, 2009; Ward, 

Diekema, Yankey, Vaughn, BootsMiller, Pendergast & Doebbeling, 2005). 

Since so little of the selected material deals with the actual subject of study –  national 

implementation of international strategies – the issues brought up by the articles concerning local 

implementation have been considered valuable also for the national level. However, strategy 

implementation has, as far as possible, been treated without considering geographical level. 

A table describing the selected articles is presented in annex 2.

5.1.2. A comprehensive, multidisciplinary approach

There is a wide consensus among the articles concerning the importance of a coordinated, 

comprehensive and multidisciplinary approach with clear leadership towards the AMR problem 

(see e.g. Brinsley et al., 2005; Knox & Holmes, 2002; Murthy, 2001; Okeke, Klugman et al., 2005; 

Ward et al., 2005). Bronzwaer et al. (2004) emphasize the necessity of an action plan that clearly 

points out resources and delegation of authority, as well as how interventions should be assessed. 

Christiansen et al. (2002) claim that a  combination  of  various  interventions  is  usually  more 

successful, and Larson et al. (2007) saw in their study that administrative and organizational factors 

seemed to influence the spread of resistance. 



Beside the importance of a multidisciplinary approach, many of the articles emphasize the 

leadership's role in implementation  and the necessity of full support from the government (at 

national level) or the hospital administration (at local level) (see e.g. Knox & Holmes, 2002; 

Murthy, 2001). Ward et al. (2005) specifically point out that the leading  administration needs to 

create an environment of ongoing support and education. In the American study by Brinsley et al. 

(2005) the most important barrier to implementation was considered to be  health care culture  – 

described as a tendency to overtreat patients and a  lack of compliance with infection control 

measures. The authors mean that engagement of a leading administration is necessary to influence 

and change this culture. In addition to government support, Christiansen et al. (2002) state that there 

is a need for a “strong political will and commitment to succeed”. (ibid., p.120).

Okeke, Klugman et al. (2005) point out that due to differences between health care systems, 

exactly the same strategies or plans cannot be applied everywhere. It is necessary to prioritize and 

to strive for implementing interventions in a logical order. According to Brinsley et al. (2005) such 

a  prioritizing process should be carried out considering  which interventions are seen  as  most 

important by the target group, in order to facilitate implementation. However, they argue, this might 

be difficult due to variations in opinion between different specialty areas. Other articles touch upon 

the same subject, meaning policies have to be acceptable to health care workers (Knox and Holmes, 

2002) or underlining the importance of developing consensus within the target group (Murthy, 

2001). Okeke, Klugman et al. (2005) mention  that it might be easier to strive for preventing 

infections in general, which will also affect AMR, instead of only focusing resistance.

5.1.3. Surveillance, antimicrobial use, and infection prevention

The importance of surveillance is agreed upon by the different articles, and there is a special focus 

on the importance of obtaining local data. For example, Knox and Holmes (2002) mean that robust 

surveillance systems need to  gather data on AMR patterns, as well as nosocomial  infection rates, 

prescribing practices, and compliance with infection control policies. Murthy (2001) agrees and 

means policies should be developed based on local data of this kind. Brinsley et al. (2005) argue 

that local data is necessary in order to make physicians more conscious about their own specialty's 

or institution's susceptibility to AMR. In their study a majority of the participants saw AMR as a 

problem nationally in the U.S., but fewer considered it a problem in their own working area or 

institution. According to  the  authors,  people are less likely to change their behavior when not 

perceiving a risk, and providing local data might help to solve this problem. In a similar reasoning, 



Murthy (2001) claims  antibiotic selection can be improved by providing information feedback to 

prescribers the moment they make their choice of treatment.

According to Christiansen et al. (2002) the most common intervention in  the  field  is 

optimizing antimicrobial use. Ward et al. (2005) found that all U.S.  hospitals in their survey had 

local programs to improve antimicrobial use, however, with great variations in quality. In the Irish 

survey by Fitzpatrick et al. (2009) around one third of the hospitals did not have a written policy for 

antibiotic use, and in the American study by Larson et al. (2007) the corresponding number was less 

than one third. The participants in the study by Brinsley et al. (2005) considered “use antimicrobials 

wisely” to be the most important  main strategy. At the same time, the program steps under this 

strategy category were judged to be the  most difficult to implement. The authors mean that more 

education is necessary, both on how to use antimicrobials wisely and on AMR prevention more 

generally.

In their attempt to identify factors that facilitate implementation in U.S hospitals Chou et al. 

(2008) found that structural factors, such as centralization  of  decision-making, protocol 

formalization and  standardization of procedures, were related to increased implementation and a 

decrease in antibiotic use. In their discussion the authors mention that interventions to optimize 

antimicrobial use can be difficult to implement since they require behavior change on the individual 

level and might be seen as a threat to autonomy among prescribers. A similar aspect is brought up 

by Knox and Holmes (2002), who mean that antibiotic prescribing restrictions are sometimes seen 

as interfering with autonomy, and thus might become unpopular. Policies have to be acceptable for 

the target group, the authors argue. 

The articles in this review bring up several  other  factors acting  as barriers to 

implementation. For example, Murthy (2001) mentions that understaffing and a high workload lead 

to lack of compliance with adequate hand washing practices. Fitzpatrick et al. (2009) also bring up 

inadequate staffing  as  a  barrier, as well as poor hospital infrastructure, lack  of  laboratorial 

resources, and too few isolation rooms. In their survey almost 90% of the respondents referred to 

such local barriers. On the other hand, the strategies considered least important by participants in 

the study by Brinsley et al. (2005), were “prevent infection” and “prevent transmission”. 

For successful implementation, Larson et al. (2007) suggest system-wide infection control 

programs. This argument is supported by Chou et al. (2008), who also mean that interventions, such 

as surveillance, isolation, and hand hygiene, need to be developed and implemented at system-level. 

Knox and Holmes (2002) emphasize that infection control in hospitals  needs more attention in 

general, and that special infection control teams should be given a higher profile. Furthermore, they 



mean that strategies should make sure that education on hand hygiene is provided and that 

interventions are assessed regularly.

5.2. Brazilian AMR strategies

5.2.1. Stakeholders 

The national governmental agency Agência Nacional de Vigilância Sanitária (Anvisa) is 

responsible for coordinating actions in the field of communicable disease prevention and control, 

including AMR, and for pharmaceutical regulations (Anvisa,  2012b). In 2002 Anvisa gathered a 

group of specialists in order to discuss guidelines for prevention and control of AMR. The work of 

the group led to various activities and pointed out the necessity of creating a surveillance network. 

Two years later Anvisa and PAHO initiated a project that, among other things, resulted in the 

implementation of Rede RM –  a national AMR surveillance network composed by sentinel 

hospitals, public health laboratories, local and regional sanitary surveillance centers, and local and 

regional commissions for control of nosocomial infection. The main objective of Rede RM is to 

make health assistance more effective through rational use of antimicrobials, as well as prevention, 

detection and control of AMR in Brazilian health settings (Curarem, n.d.; Anvisa, 2012c). 

A technical assessment committee for antimicrobial use –  Curarem (Comitê Técnico 

Assessor para Uso Racional de Antimicrobiano e Resistência Microbiana) – was created in 2005. It 

has representatives from various national governmental agencies and institutions, is  led by the 

Ministry of Health, and can be consulted regarding technical and scientific aspects of national 

guidelines on surveillance, prevention and control in the AMR field. Another of its tasks is to 

follow and evaluate activities developed by the Ministry of Health (Costa, 2005; Anvisa, 2012a).

5.2.2. Regulatory interventions

In 1997 and 1998 new legislation made it mandatory  for all Brazilian hospitals to have a special 

action program for nosocomial infection prevention and control – PCIH (Programa de Prevenção e 

Controle de Infecção Hospitalar). To implement the PCIHs the hospitals also need to create a 

commission for control of nosocomial infection –  CCIH (Comissão de Controle de Infecção 

Hospitalar). The CCIHs coordinate various activities in the field of nosocomial infections, 

including surveillance and development of activities promoting rational use of antimicrobials 

(Agência Nacional de Vigilância Sanitária [Anvisa] & PAHO, 2010; Cardoso, 1997; Ministério da 

Saúde, 1998).



In 2010 a legal regulation made it mandatory to provide alcohol solutions for hand 

disinfection in all health care settings in the country (Anvisa, 2010c). Another regulation issued in 

2010 controls the sale of antimicrobials, which can no longer be purchased without a special 

prescription (Anvisa, 2010b).

5.2.3. Projects regarding surveillance, antimicrobial use and infection prevention

As mentioned above, the project led by Anvisa and PAHO in 2004-2005 laid the foundation of the 

network Rede RM, but there were also other results important for future projects in the field. The 

laboratory situation was mapped out, a guideline document on clinical and laboratory standards was 

translated to Portuguese and made easily available for users, and courses were held, just to mention 

a few (Anvisa & PAHO, 2010). 

Curarem has developed guidelines for AMR interventions in a document suggesting  goals 

and proposals for actions regarding AMR  surveillance  and control, as  well  as  rational use of 

antimicrobials. However, the document is undated and it is rather unclear who should carry out the 

suggested activities (Curarem, n.d).

In 2006 a new cooperation was initiated between Anvisa and PAHO and the project Projeto 

RM took its start. As a project on AMR surveillance and prevention in health care settings, it was 

developed as a continuation of the actions initiated during the earlier project and the Rede RM 

became permanent. The new project was supposed  to be carried out during two years, but after 

delays it was extended twice and finally terminated in early 2010 (Anvisa & PAHO, 2010). The 

main objective of the project was to promote an increased effectiveness in health care, and to do so 

through rational antimicrobial use, detection, prevention and control of AMR in health care settings. 

Most of the specific objectives and activities were directed towards various aspects of surveillance 

(Anvisa & PAHO, 2006).

The outcomes of the project can be divided into two parts: First, the construction of a 

network sharing information on AMR in health care settings and the dissemination of knowledge 

through courses and events. Second, the implementation of both a periodical program for internal 

and external control and assurance of laboratorial quality, and of a permanent educational program 

aimed at  changing antimicrobial prescription practices (Anvisa & PAHO, 2010). One of the 

outcomes of the projects was a web-based educational material about antimicrobials, resistance, 

legislation issues, interventions and implementation of strategies for rational use of antimicrobials 



(Anvisa, 2012d). Another document published during the time of the project, even if it is unclear 

whether it  was a product of it, was a guideline for implementation of the WHO strategy for 

improving hand hygiene (Organização Mundial da Saúde [OMS], 2008).

In 2010 Anvisa published a document with recommended actions to prevent, identify and 

control infections caused by multiresistant microorganisms in health care settings. The document 

brought up recommendations for different stakeholders on all political-geographical levels (Anvisa, 

2010a). 



6. Discussion 

6.1. Discussion of results

6.1.1. Implementation issues within the literature

As mentioned in the background, various strategies have been published since the year 2000. WHO, 

the EU, the US and many other countries have not just launched strategies or action plans, but also 

published updated versions  during the last  few years.  It  seems reasonable to  think that,  before 

reviewing a strategy, it would be of great interest to make assessments and study if and how the 

previous strategies have been used by the target group. However, although various search words 

were used, very few of the articles found in the data base searches were about implementation of 

AMR strategies, and even fewer dealt specifically with the national level. Of the few articles found, 

most  studies  had  been  carried  out  in  hospitals  and  discussed  local  implementation  of  national 

guidelines or campaigns. 

Irrespective of geographical level, the articles bring up several factors facilitating successful 

implementation and what might be barriers to it. The most common facilitating factors mentioned 

were the importance of having a multidisciplinary approach, to have a well functioning surveillance 

system and to use local data. As for barriers, inadequate staffing and health care culture were given 

as examples. 

The literature reviewed was full of many different strategies to prevent and control AMR, 

and there were a couple of interrelated problems connected to the many strategies and how they 

were brought up. First, is the lack of solid knowledge. Even though it is easy to spontaneously agree 

with the importance of the various interventions, it becomes clear that much is yet to be studied.  

There is a need for scientific, evidence-based assessments of interventions and clear knowledge 

about what actually works and what does not. This is partly mentioned explicitly in some of the 

literature, but it can also be noted in other ways, such as some authors' vagueness on how to best 

tackle the AMR challenge, basically meaning that ”more” needs to be done (see e.g. Fitzpatrick et 

al., 2009). As Christiansen et al. (2002) pointed out, the lack of knowledge should not impede us 

from acting, but it shows the importance of assessing interventions scientifically. 

Second, and related to the first problem, the interventions are all given great importance, 

which might be a problem in itself; if all areas are to be tackled and improved at once, the task 

might become overwhelming. As Okeke, Klugman et al. (2005) remark, it is necessary to prioritize 

among the interventions and try to implement them in a logical order. And again, knowledge about 

the effects of interventions is essential in order to be able to prioritize wisely. A concentration on 



one, or very few, of the possible interventions at a time would probably benefit validity of the 

results. 

 It  should  also  be  mentioned  that  none  of  the  articles  referred  to  any  theories  on 

implementation or to implementation studies in general.  If there had been more of a theoretical 

basis for the studies, the articles could have gained in validity.

6.1.2. Brazilian AMR strategies

In Brazil, there are several documented good intentions and many necessary tools are in place, such 

as networks and legal framework. The Projeto RM seems to be the hitherto most ambitious plan and 

should be a very good start. However, it is limited, and focused only on health care settings – an 

area where the planning has come quite far. Although society in general is mentioned briefly in one 

of the intervention actions,  it  cannot  be considered to be addressed within the project.  Animal 

husbandry is not dealt with in the documents on Anvisa's website. Much more needs to be done 

before  Brazil  reaches  WHO's  idea  of  a  comprehensive  national  plan,  bringing  together  all 

recommended interventions. 

Surveillance  seems  to  be  the  most  developed  area.  Many  of  the  actions  have  been 

concentrated on the surveillance system, both in the earlier Anvisa-PAHO projects, in the Curarem 

guidelines and in the Projeto RM. Concerning antimicrobial use, legal regulations are now in place, 

which is an important first step. In the Projeto RM, various education efforts were developed in this 

field. Measures in the area of infection prevention are mainly composed of actions to prevent and 

control  nosocomial  infection.  International  cooperation  is  not  mentioned  anywhere  in  the 

documents,  but  can  be  seen  in  the  projects  developed  together  with  PAHO.  Research  and 

development is hardly mentioned at all.

Despite all the documents on the Anvisa website, it is difficult to get an idea of the extent to 

which these interventions have actually been implemented throughout the country. Probably, one 

would need to study the federal units to find out. Also, there is a need to uphold activities initiated 

in projects. For example, the Internet based education on antimicrobial use has not been updated 

since 2007, which means it  does not take the new law on prescriptions for antimicrobials  into 

account. 

Even if the strategies and plans need to be developed, implemented and maintained, one 

must admit that Brazil seems to prioritize in a way that goes well in line with the literature. To start  

focusing on surveillance is reasonable in comparison to what is said in the articles. As mentioned 



earlier, surveillance is one of the components given most importance and considered to be one of 

the most essential and basic parts of AMR countermeasures. To improve antimicrobial use seems 

logic as a second step forward. Still, the multidisciplinary approach given so much attention in the 

literature, is absent in the Brazilian strategies. 

6.2. Discussion of method

This study could have been carried out with a  number of different methods,  shifting the focus 

slightly. With a case study design, Brazilian strategies could have been studied in a more profound 

way,  e.g.  interviewing  representatives  of  main  stakeholders.  A comparative  study  could  have 

pointed out interesting differences between Brazil and some other country or region. Another option 

could have been to provide the thesis with a more profound theoretical discussion by connecting it 

to a theory on implementation. However, with the existing limits in time and scope, as well as the 

two-fold  focus  of  the  study,  a  literature  review  seemed  most  appropriate.  This  has  made  the 

discussion of the literature less profound, and has resulted in a simplified view of Brazil's activities  

in the field. 

The  greatest  problem  encountered  when  carrying  out  the  study  was  finding  relevant 

literature for the review. Databases were chosen with regard to the ”double nature” of the field, 

being both a medical and a societal issue. However, some literature may have been missed out on, 

due to not searching in all relevant databases. It is also possible that more literature had been found 

with other search words or combinations of them. The reason for not making further searches was 

related to limitations in time and scope. However, the strengths of the study are that it highlights an 

important issue and points out areas that have gained far too little attention in the scientific literature 

so far, and the absolute necessity to evaluate separate interventions and to assess implementation of 

AMR strategies. In addition, it gives an overview of Brazilian AMR-related activities during the last 

decade, underlining strengths and weaknesses.

Although  the  literature  review  included  rather  few  articles,  the  consistent  stress  on 

multidisciplinary approach, surveillance and local data makes it reasonable to believe the result 

mirrors the field adequately. The findings concerning Brazilian AMR strategies are, of course, only 

valid  for  Brazil  and  cannot  be  generalized.  However,  the  case  of  Brazil  is  probably  not  an 

exception.  Many other countries are most likely in similar situations – with some interventions 

already carried out and ongoing projects, but still a far way to go. 



There are several parts  that  would be worth further studies.  Beside the need for further 

research  regarding  AMR  generally,  as  mentioned  in  several  of  the  articles,  surprisingly  little 

research has been done concerning the implementation of AMR strategies. Not only have strategies 

been developed, but they have been updated, seemingly without questioning to what extent the first 

versions  were used and implemented.  More  studies  are  warranted in  various  countries  on how 

strategies have been implemented, and why priorities have been made the way they have. Such a 

move could provide a good basis for future updates of international strategy documents. Also in 

Brazil,  the  planning  of  future  steps  could  be  facilitated  by  looking  at  how interventions  have 

actually been implemented. 

6.3. Conclusions 

The literature review carried out in this study showed that great importance has been given to a 

multidisciplinary approach and to surveillance, with a special emphasis on local data. Facing the 

difficult  but  necessary task  of  prioritizing,  the  most  urgent  intervention  needed is  surveillance. 

Gathering of data is both a basis for, and leads to, other interventions. Furthermore, it is an absolute 

necessity for future assessments. Within this area, local data can help defining the specific problems 

of  a  certain  site,  as  well  as  facilitate  implementation  through increased  perception  of  risk  and 

greater  acceptance  among  health  care  personnel.  Thus,  mapping  out  the  situation,  identifying 

measures considered most important, and then implementing them, seems to be a good way to start.  

The review showed that Brazil still has a long way to go, but has started out well. 
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8. Annexes

8.1 Annex 1: Results from data base searches 

Database Search words Hits 

Search words in 
”all fields”

Search words only 
in title or 
abstract*

Search words 
only in 

title

PubMed** Antimicrobial resistance 
AND strategy

 2602  450 16

Antimicrobial resistance 
AND policy

 1193  253 8

Antimicrobial resistance 
AND Brazil

 1831 234 45

Antimicrobial resistance 
AND strategy 

AND implementation***

103 27 (27)****

SCOPUS Antimicrobial resistance 
AND strategy

 8745  726 49

Antimicrobial resistance 
AND policy

 3418 381 14

Antimicrobial resistance 
AND Brazil

2723 227 51

Antimicrobial resistance 
AND strategy 

AND implementation***

982 59 (59)****

Total 20239 2244 269

* In SCOPUS, the search also included articles where search words appeared as keywords.
** Textwords were used in the PubMed searches. 
*** Search made on Jan. 23 2012, all other searches made on Jan. 19 2012.
**** Limitation only to title was not made in this search.

Articles found Omitted Selected articles

Step 1: Duplicates Step 2: Title Step 3: Abstract

269 -78 -144 -36 11



8.2 Annex 2: Articles used in the literature review

Author(s) Title Year Nº 
pgs

Focus / Objective Main conclusions

Brinsley,
Sinkowitz-
Cochran,
Cardo 

An assessment of 
issues surrounding 
implementation of the 
campaign to prevent 
antimicrobial resistance 
in healthcare settings. 

2005 8 Present key findings 
from 9 projects 
concerning AMR 
prevention campaign 
in HC settings.

Highlight important 
information regarding 
knowledge, attitudes and 
beliefs, to facilitate impl. 
Emphasize importance of 
local data, education, Md 
appr, prio of strategies 
considered most important by 
target group.

Bronzwaer,
Lönnroth,
Haigh 

The European 
Community strategy 
against antimicrobial 
resistance. 

2004 5 Present the 11 points 
of action in the EU 
strategy 2001, and 
discuss related EU 
activities.

EU has a more 
comprehensive and pro-active 
approach now, with close 
international cooperation. 
AMR is a key prio for public 
health and research programs.

Chou, Yano,
McCoy,
Willis,
Doebbeling 

Structural and process 
factors affecting the 
implementation of 
antimicrobial resistance 
prevention and control 
strategies in U.S. 
hospitals. 

2008 15 Explore 
organizational 
structural and process 
factors that facilitate 
impl. 

Findings offer concrete 
strategies to facilitate impl. 
Organizations benefit from 
surveying their resources, 
assessment of processes in 
place, and remaining flexible 
for adjustments. 

Christiansen,
Carbon,
Cars 

Moving from 
recommendation to 
implementation and 
audit: Part 2. Review of 
interventions and audit. 

2002 23 Outline tools to audit 
interventions' impact 
and review 
interventions.

Emphasize the need for 
surveillance, increased 
knowledge, comprehensive 
programs, strong political will 
and commitment, 
governmental support and 
regulatory control. 

Fitzpatrick, 
Roche, 
Cunney, 
Humphreys 

Challenges of 
implementing national 
guidelines for the 
control and prevention 
of methicillin-resistant 
Stphylococcus aureus 
colonization or 
infection in acute care 
hospitals in the 
Republic of Ireland. 

2009 5 Identify impl 
challenges 
concerning MRSA 
control and 
prevention strategies.

Most respondents reported 
local barriers, such as poor 
hospital infrastructure, 
inadequate laboratory 
resources and staffing, lack of 
single/isolation rooms. These 
barriers need to be addressed.

Knox, 
Holmes

Regulation of 
antimicrobial 
prescribing practices – 
a strategy for 
controlling nosocomial 
antimicrobial 
resistance. 

2002 6 Review regulations 
of AM prescribing 
practices as 
nosocomial AMR 
control strategy.

Emphasize need for basing  
policies on local data, robust 
surveillance systems, 
coordinated and Md appr with 
clear leadership, and giving a 
high profile to hospitals' 
“Infection Control Team”.



Author(s) Title Year Nº 
pgs

Focus / Objective Main conclusions

Larson, 
Quiros, 
Giblin, Lin

Relationship of 
antimicrobial control 
policies and hospital 
and infection control 
characteristics to 
antimicrobial resistance 
rates. 

2007 21 Study the extent of 
surveillance in 
infection control 
programs. Correlate 
resistance rates with 
AMR policies, 
attitudes and 
practices, and hand 
hygiene guidelines.

Organizational-level factors 
independent of individual 
practices may be associated 
with AMR rates.

Murthy Implementation of 
strategies to control 
antimicrobial 
resistance. 

2001 7 Reviews reports on 
impl of AMR 
strategies from 
professional 
organizations and 
experts.

Emphasizes Md appr, strong 
hospital leadership, consensus 
within hospitals, policies 
based on local patterns and 
issues, and suggestions for 
using a quality-improvement 
model. 

Okeke, 
Klugman, 
Bhutta, 
Duse, 
Jenkins, 
O'Brien et al.

Antimicrobial 
resistance in 
developing countries. 
Part II: Strategies for 
containment. 

2005 13 Review impl of 
WHO strategies in 
developing countries. 

Emphasize Md appr and 
surveillance, importance of 
prio of strategies, which is 
difficult to do with the WHO 
strategy. 

Ward, 
Diekema, 
Yankey, 
Vaughn, 
BootsMiller, 
Pendergast, 
Doebbeling 

Implementation of 
strategies to prevent 
and control the 
emergence and spread 
of antimicrobial-
resistant 
microorganisms in U.S. 
hospitals. 

2005 10 Identify extent of 
impl of strategies, 
and relationship 
between impl and 
hospital culture, 
leadership and 
organizational 
factors.

Hospitals need to do much 
more. Emphasize Md appr, 
education and orientation of 
new HC staff to guidelines, 
hospital leadership.  

Abbreviations:
AMR – Antimicrobial resistance 
Md appr – Multidisciplinary approach
HC – health care 
impl – implementation 
prio – prioritize 
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