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Medicines for treating infections lose effect because the microbes change; 
1. mutate 
2. acquire genetic information from other microbes to develop resistance 

Types of AMR 
 

1. Antibacterial resistance (e.g. to antibiotics and other antibacterial drugs) 

2. Antiviral resistance            (e.g. to anti-HIV medicines) 

3. Antiparasitic resistance    (e.g. to anti-malaria medicines) 

4. Antifungal resistance        (e.g. to medicines used to treat Candidiasis) 

What is Antimicrobial Resistance (AMR)? 

AMR is a natural phenomenon accelerated by use of antimicrobial medicines. 
Resistant strains survive and aggregate. 
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mechanisms of antimicrobial resistance

agents (see Fig. 1) [23]. Pathogens may have one or multiple of these
adaptations with each conferring a survival advantage in environments
where antimicrobial agents impart a selection pressure [23].

5. Neonatal infection surveillance programmes

Neonatal infection surveillance programmes collect prospective data
on infection episodes from NICUs with the aim of monitoring the
changes in the epidemiology of pathogens and their antimicrobial
susceptibilities over time. This information may then be used to bench-
mark practice, inform policy and improve quality of care [3]. Infection
surveillance may be single- or multi-centre in nature with both
providing useful clinical information. Single-centre studies provide
detailed information about the local epidemiology but results cannot
be generalised to the broader population with confidence. Multi-
centre studies provide a more complete picture of the epidemiology of
neonatal infection and have greater scope for the development of
successful interventions. However difficulties often exist around the
retrieval of data from participating sites. Several prominent examples
exist worldwide (see Table 3), including both true neonatal infection
surveillance programmes and broader surveillance programmes which
lack a neonatal infection focus but have published extensively on the
subject (denoted with an asterisk (*)).

Important feedback can be obtained from neonatal infection surveil-
lance programmes. Data about EOS allows critical analysis of the quality
of peripartum care in the study cohort whilst rates of LOS and HABSI
provide invaluable information about the success of hospital guidelines
concerning infection control procedures such as hand hygiene, cot
separation and central-line care. However, whilst describing the epide-
miology of infection provides a useful contribution to the medical
literature, the ultimate goal of these networks should be to provide an
intervention of clinical utility. Several neonatal infection surveillance
programmes have already been successful in designing and introducing
clinical interventions (see Table 3) and the opportunities for using their
results are numerous. These include:

• Benchmarking — providing units with a summary of their data on
antimicrobial resistance and HABSI rates and how these compare to
those of other hospitals, an intervention which in itself has been
shown to reduce rates of infection; [16]

• Comparing the practices of units with high HABSI rates to those with
lower figures in order to identify important risk factors and the

corresponding interventions which may be successful in combating
these. This information can then be used to produce quality improve-
ment programmes which may be distributed to the participating
centres in order to improve practice;

• Influencing antibiotic policies by acknowledging regional diversity
and identifying local patterns of resistance;

• Developing and distributingmodels for improved accuracy of diagno-
sis, e.g. identifying reliable and practical ways to differentiate between
true CoNS infection and contamination in order to reduce unnecessary
prescription of antibiotics;

• Providing direction for future research.

It is also important however to consider the potential deficiencies of
these programmes including:

• Many neonatal infection surveillance programmes rely almost
exclusively on the voluntary reporting of data to the database. This
may impart a bias on the results as data providedmaynot be complete
or may only be entered on cases which are perceived as ‘interesting’.
In addition, units which consistently provide data may be more likely
to have good infection control policies compared with those which do
not, as this may be representative of the perceived importance of the
field in the unit or hospital in question;

• The case mix of participants in neonatal units will vary greatly by the
level of the unit and the services available (e.g. surgery). This influ-
ences infection rates and risk factor prevalences in these units and
hence may limit the ability to extrapolate study results;

• Neonatal infection surveillance programmesmay be expensive to run,
particularly if they are large multi-centre programmes. Furthermore
there is as yet little published evidence of the cost-effectiveness of
these networks;

• Programmes may be limited by their inability to collect accurate de-
nominator data on variables such as patient-days and central-line
days and may have to rely on simple and potentially less informative
denominators such as total admissions or total live-births; [3]

• Programmes exist independently of one another and hence often use
different surveillancedefinitions. This impairs one's ability to compare
results between networks and reduces their use as a tool for
benchmarking;

• Many neonatal infection surveillance programmes are just one part of
a larger network and hence are not always the main focus of these
programmes.

6. Conclusion

Neonatal sepsis is a significant cause of morbidity and mortality in
the UK and worldwide, particularly in VLBW and preterm infants. The
requirement of clinicians to treat in the absence of culture results
means that a comprehensive understanding of the epidemiology of neo-
natal infections and associated levels of antimicrobial resistance is re-
quired. Neonatal infection surveillance programmes are a useful tool
for improving our understanding of the epidemiology and for develop-
ing quality improvement programmes which can reduce infection rates
and effectively prevent the development of resistance. Several neonatal
infection surveillance programmes have been established worldwide
but only some of these have been able to convert their results into
successful clinical interventions. Further harmonisation between these
networks, for example standardisation of surveillance definitions,
would augment their ability to achieve this. These and future
programmes should strive to identify risk factors and to develop infec-
tion control protocols in order to minimise rates of neonatal infection
and antimicrobial resistance.

Fig. 1.Mechanisms of antimicrobial resistance [23].

616 B. Cailes et al. / Early Human Development 91 (2015) 613–618

B. Cailes et al. / Early Human Development 2015



Antimicrobial Resistance: tackling a crisis 
for the health and wealth of nations, 2014       



AMR
overall economic impact

| Antimicrobial Resistance 
Global Report on Surveillance 2014 

Overall Economic Impact Much Higher 

AMR Costs 

Societal Costs

Medical Costs

Source: Roberts et al CID 2009; 49:1147-84. 

• Reduced consumer income, employment, 
savings 

 
• Increased national investment, spending, 

healthcare delivery  
 
• Reduced gross domestic product (GDP): 

1.4% to 1.6% 
 

 

Roberts et al., CID 2009





consumption in the community of antibacterials for

systemic use [Anatomical Therapeutic Chemical

(ATC) group J01], ranged from 11.3 (the Nether-

lands) to 31.9 (Greece) defined daily doses (DDD)

per 1000 inhabitants per day. In all ESAC-Net

reports, a geographic gradient in the amount of

antibiotics used can be noted, with higher DDD in

the South of Europe. In 2012, the beta-lactams/peni-

cillins group (ATC J01C) accounted for 50% of the

consumption of antibacterials for systemic use and

amoxicillin, alone or in combination with clavulanic

acid, was the antibacterial agent most often used in

almost all countries, with the exception of Norway

and Sweden where the most used agent was

phenoxymethylpenicillin.

In the hospital sector ESAC-Net estimated that in

2012, the population-weighted EU/EEA mean con-

sumption for systemic use of antibacterials was 2.0

DDD per 1000 inhabitants, ranging from 1.0 DDD

per 1000 inhabitants per day in the Netherlands,

to 2.8 in Finland. Also in the hospital setting, the

beta-lactams/penicillins group was most often used,

accounting for 29.3% of all the consumption of

antibacterials for systemic use.11

According to a recent point prevalence survey on

healthcare associated infections in Europe, 35.0%

of the hospitalised patients in 2011 were receiving

antibiotics.12

In the US, healthcare providers prescribed 258.0

million courses of antibiotics (833 prescriptions per

1000 persons) in 2010. Penicillins (23%) and macro-

lides (22%) were the most common categories

prescribed. The most frequently prescribed antibiotic

agents were azithromycin and amoxicillin.13

Large-scale assessments of antimicrobial use in

hospitals in the USA are derived from studies

conducted in groups of acute care hospitals.14,15

According to one of these studies, a mean of 59.3%

of all patients received at least one dose of an antimi-

crobial agent during their hospital stay.14

N Incorrect knowledge about antibiotics in the

population and self-medication

Many studies indicate lack of knowledge about

antibiotics in the general population, specifically

incorrect knowledge about the activity of antibiotics

on bacteria and viruses, insufficient awareness about

antibiotic resistance and about the adverse effects of

antibiotics.

Figure 1 Factors involved in the spread of antibiotic resistance, in the sectors: human medicine in the community and in

the hospital, animal production and agriculture, and the environment. These sectors are also connected among them: misuse

of antibiotics in human beings, animals and agriculture is the main responsible for the presence of resistant bacteria in the

environment.
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Multi Drug Resistant Organisms
MDROs

MRSA

ESBL

KPC

VRE



bad bugs, no drugs

– Enterococcus faecium
– Staphylococcus aureus
– Klebsiella pneumoniae
– Acinetobacter baumannii
– Pseudomonas aeruginosa
– Enterobacter spp. 



MDROs in NICU

Cantey JB, Clin Perinatol 2015



NICU
• structural features
• health care workers
• policies
• occupational index
• inborn/outborn ratio
• invasive procedures
• invasive devices
• …

microrganism
• Gram +
• Gram -
• MDR

newborn
• prematurity
• low birth weight
• malformations
• surgical treatment
• …
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Prospettive future 

Gli antibiotici a nostra disposizione sono sempre meno efficaci ed è essenziale 

sviluppare nuove strategie per utilizzarli al meglio. A fronte di un aumento 

importante di isolati batterici antibiotico resistenti, vi è una crescente difficoltà a 

sviluppare alternative terapeutiche efficaci.[2], [7] Dal 2003, anno in cui è stata 

ammessa all'uso la daptomicina, non sono più stati registrati nuovi farmaci. 

(Figura 2) 

 

 

Figura 2 Timeline of antibiotic drug discovery [7] 

 

John Dalli, commissario europeo per la salute e la politica dei consumatori, ha 

dichiarato: "Dobbiamo agire rapidamente e con decisione se vogliamo che i 

farmaci antimicrobici restino un trattamento efficace contro le infezioni 

batteriche nell'uomo e negli animali. [...] Perché questo programma possa essere 


