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Executive Summary
The threat to health and healthcare from antimicrobial resistance (AMR) is very important. AMR occurs when
microorganisms, such as bacteria, adapt the ability to survive exposure to a treatment that would normally kill them. The
misuse of antibacterials speeds up the development of AMR.
Antibacterial use in hospitals

Resistance in Gram-negative bacteraemia

Optimising antibacterial prescribing in hospital is a key aim for the
Scottish Antimicrobial Prescribing Group (SAPG).

Escherichia coli is the most common pathogen causing bacteraemia in
Scotland.

Total antibacterial use was 5.9% higher in 2014 than in 2013 continuing
the upward trend in previous years.

In 2014, there were 4539 cases of E. coli bacteraemia reported, which
continues an increasing trend of burden of disease since 2010.

SAPG will maintain and further develop initiatives to reduce
inappropriate use by working with clinicians to ensure antibacterials are
reviewed and stopped as soon as clinically appropriate.

Antimicrobial susceptibility among E. coli bacteraemias remained
unchanged between 2013 and 2014 for all agents resulting in flat trends
since 2011. However, non-susceptibility to a wide range of important
antibacterial classes continues to occur frequently among E. coli
bacteraemias.

Antibacterial use in primary care

80.0% of antibacterial use in humans is within primary care.

Total antibacterial use was 1.9% lower in 2014 than in 2013,
returning to the same rate of prescribing seen in 2005.
SAPG will maintain and further develop interventions
to reduce unnecessary use of antibacterials in primary
care.

Clostridium difficile infection
Clostridium difficile infection(CDI) remains an
important healthcare associated infection (HAI).
The use of any antibacterials, but in particular
broad-spectrum antibacterials, is associated
with development of CDI.

The occurrence of extended spectrum betalactamase (ESBL) producers in E. coli and
K. pneumoniae (bacteraemias) has remained stable
from 2011–2014 (at 6.0–7.0%).
Non-susceptibility to carbapenems in
Gram-negative infections (bacteraemia and
urinary tract infections) remained low in 2014,
although 43 individual reports of CPO’s were
received from AMRHAI in 2014 compared to
22 in 2013.

Annual incidence of CDI in patients ≥65 years
was unchanged in 2014.
In primary care, in 2014, the use of broad-spectrum
antibacterials was 5.0% lower than in 2013 which is the
lowest proportion of all antibacterial use in primary care
since 2008
In hospitals there was a 9.7% increase in use of
broad-spectrum antibacterials in 2014.
SAPG will continue to support primary care prescribers to
reduce the use of these high risk agents and will work with
hospital clinicians to review the use of these agents through
audits and review of guidance.

Carbapenem use
Carbapenems are another group of broad-spectrum antibacterials
that are used in hospitals to treat serious infections. The emergence
of ‘carbapenemase producing organisms’ (CPO) which inactivate these
agents is of concern as it leaves very few options for treating infections
caused by these bacteria.
The use of carbapenems was 2.1% higher in 2014 than in 2013 and
continues the upward trend in use seen since 2009.
SAPG is working to improve the quality of prescribing of this important
group of antibacterials through review of guidance and audit of
prescribing.
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Antimicrobial susceptibility among Klebsiella pneumoniae
bacteraemias also remained stable in 2013–2014
for most agents except for increases in non-susceptibility in
piperacillin-tazobactam which increased from 11.9%
to 16.0%, which continues the increasing trend since
2012.
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Resistance in Gram-positive bacteraemia
When Staphylococcus aureus breaches the body’s
defence it can lead to bacteraemia. S. aureus may be
meticillin resistant (MRSA) or meticillin sensisitive
(MSSA).
The proportion of MRSA among all S. aureus bacteraemia
was 9.2% in 2014, and has been decreasing since
2011. Non-susceptibility to key antibacterials in MRSA
remained stable in 2014.
Non-susceptibility to penicillin (5.5%) in
Streptococcus pneumoniae bacteraemias has shown a
decreasing trend since 2011.
Non-susceptibility to vancomycin was observed in 26.8% of
Enterococcus faecium isolates causing bacteraemia. This remains high
in comparison to the rest of Europe. However, bacteraemia caused by
E. faecium remains rare in Scotland.

List of abbreviations and acronyms
AMR 		

Antimicrobial resistance

AMT 		

Antimicrobial management team

AMRHAI

Antimicrobial Resistance and Healthcare Associated Infections

AST 		

Antimicrobial susceptibility testing

ATC 		

Anatomical Therapeutic Chemical

BNF 		

British National Formulary

CARS 		

Controlling Antimicrobial Resistance in Scotland

CC 		

Clonal Complex

CDI 		

Clostridium difficile infection

CHI 		

Community Health Index

CLSI 		

Clinical and Laboratory Standards Institute

CMO		

Chief Medical Officer

CPE 		

Carbapenemase producing Enterobacteriaceae

CPO 		

Carbapenemase-producing organism

CRP 		

C-reactive protein

CSF		

Cerebrospinal fluid

DDD 		

Defined daily dose

EARS-Net

European Antimicrobial Resistance Surveillance Network (formerly EARSS)

ECDC

European Centre for Disease Prevention and Control

ECOSS

Electronic Communication of Surveillance in Scotland

EEA		

European Economic Area

ESBL 		

Extended spectrum beta-lactamase

ESPAUR

English Surveillance Programme Antimicrobial Utilisation and Resistance

EUCAST

European Committee on Antimicrobial Susceptibility Testing

EuSCAPE

European Survey on carbapenemase producing Enterobacteriaceae

EU		

European Union

HMUD

Hospital Medicines Utilisation Database

HPS 		
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IMI 		

Imipenem-hydrolyzing β-lactamase

IMP		

Imipenemase

IIP 		

Infection Intelligence Platform
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ISD		

Information Services Division

IVOST 		

IV Switch to Oral Therapy

MIC 		

Minimum inhibitory concentration

MRSA

Meticillin resistant Staphylococcus aureus

MSSA 		

Meticillin sensitive Staphylococcus aureus

NDM-1

New Delhi metallo beta-lactamase (type 1)

NHS 		

National Health Service

NRS		

National Records of Scotland

NSS 		

National Services Scotland

NES 		

NHS Education for Scotland

PCR 		

Polymerase chain reaction

PIS 		

Prescribing information system

PHE		

Public Health England

SAPG 		

Scottish Antimicrobial Prescribing Group

ScRAP

Scottish Reduction in Antimicrobial Prescribing

SIGN		

Scottish Intercollegiate Guidelines Network

ScotMARAP Scottish Management of Antimicrobial Resistance Action Plan
SHLMPRL
Scottish Haemophilus, Legionella, Meningococcus and Pneumococcus 		
		Reference Laboratory
SMRSARL

Scottish MRSA Reference Laboratory

SSSCDRL

Scottish Salmonella, Shigella and Clostridium difficile Reference Laboratory

UK 		

United Kingdom

UTI		

Urinary Tract Infection

VIM 		

Verona integron-encoded metallo-beta-lactamase

VRE		

Vancomycin Resistant Enterococci

WHO 		

World Health Organisation
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1. Introduction
Antimicrobial resistance (AMR) remains a major public health issue and a threat to the future
of health and healthcare globally. Antimicrobial resistance develops when a microorganism
no longer responds to an antimicrobial to which it was originally sensitive. The consequence
of this is that infections become more difficult to treat and the risk of the spread of infection to
others is increased. As a result, illness and hospital stays are prolonged, with added economic
and social costs and the risk of death is increased. Therefore the loss of effective antimicrobials
undermines our ability to fight infectious diseases and manage the infectious complications
common in immunocompromised patients. The World Health Organisation (WHO) has warned
of a post-antimicrobial era in which common infections and minor injuries can kill. The scale of
the threat from antimicrobial resistance and the case for action was set out in the UK Five Year
Antimicrobial Resistance Strategy 2013-2018, published in 2013 and the Scottish Management
of Antimicrobial Resistance Action Plan (ScotMARAP) 2014-18 (ScotMARAP 2).[1]
The problem is further complicated by the fact that a new infectious disease has been
discovered almost every year over the past 30 years, while very few new antimicrobials
have been developed. Therefore the development of new antimicrobials and conservation
of the currently available treatments is vital. The continuously evolving public health
threat of antimicrobial resistance is driven by both appropriate and inappropriate use of
antimicrobials and insufficient measures to control the spread of resistant microorganisms.
Recent changes in the epidemiology of AMR in the UK and across Europe and worldwide
which includes an increasing trend in the number of carbapenemase producing organisms
(CPOs) reported, highlights the continued need for action to improve the way we use
antimicrobials, detect and monitor threats from emerging resistant microorganisms,
including maintaining high awareness, good diagnostic practice and surveillance and
containment through infection control practices and screening. Reducing healthcare
associated infection (HAI) and containing antimicrobial resistance remain key priorities for
NHSScotland in order to deliver high quality, safe and person centred healthcare.
This is the seventh annual report on antimicrobial use and resistance in humans and is
intended to underpin the national framework on antimicrobial stewardship co-ordinated
by the Scottish Antimicrobial Prescribing Group (SAPG). The report is intended to support
NHS boards with planning, implementation and evaluation of interventions to improve
antimicrobial use, outcomes for patients with infection, and limit development of
antimicrobial resistance. For this year’s report a number of improvements in reporting of AMR
data have been developed in line with the UK AMR strategy; these include the reporting of
susceptibility data on an agreed set of ‘drug-bug’ combinations and the inclusion of data
for all non-susceptible isolates (%NS) rather than reporting on resistant (%R) isolates only.
The key emerging issues and recent changes in antimicrobial use and resistance patterns
are highlighted through short, focussed narratives and graphic illustrations of the key findings.
The methods and full dataset on antimicrobial use and resistance are accessible in an
Appendix to this report.
An error in the version of this publication released on the 6th October 2015 has subsequently
been discovered on page 10, Secondary Care Antibacterial Prescribing Infographics.
It stated there had been a 6.4% increase in secondary care prescribing rather than
the correct figure of 5.9%. This does not impact on the overall message of increased
antibacterial prescribing in secondary care. Please note the correct figure of 5.9% was
quoted correctly on both page 1 and page 8 of the original publication.
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2. Results
2.1 Primary Care Antibacterial Use
Since its establishment in 2008 the Scottish Antimicrobial Prescribing Group (SAPG) has
implemented, as part of the Scottish framework for antimicrobial stewardship, two key
interventions in primary care. The initial focus, which still remains a strategic objective, is
the reduction in use of those broad-spectrum antibacterials associated with a higher risk of
Clostridium difficile infection(CDI). The second key intervention is to limit the development of
AMR by reducing total antibacterial use through a series of initiatives to prevent unnecessary
prescribing. Continued progress has been made towards both of these objectives in 2014.
The use of systemic antibacterials (excluding dental) was 2.05 items/1000/day; 1.9% lower
and 54,143 fewer items than in 2013. This is the second successive annual reduction and
means that the rate of prescribing in 2014 has returned to the same level as 2005. The
proportion of the Scottish population who received at least one antibacterial item was 30.6%
and builds on the reduction observed in 2013. In the second year, following introduction of
the Level Three Quality Indicator, 7 of 14 NHS boards and 53.3% of Scottish GP practices met
the target.
This continued progress toward reduction in unnecessary antibacterial use should be
cautiously welcomed, but it is still too early to tell whether these reductions will continue and
have changed the pattern of steady increases observed over the last 10 years. SAPG will
maintain and further develop interventions to optimise prescribing practice in primary care
to reduce unnecessary use of antibacterials to slow development of AMR and preserve the
effectiveness of the currently available treatments.
Two further interventions are already underway. In 2015, SAPG has developed proposals to
design and test the feasibility of a feedback intervention in a number of NHS boards. NHS
National Services Scotland (NSS) will develop standard reports to feedback GP practice
level information on antibacterial prescribing indicators, with appropriate comparators,
action orientated and goal-setting text that explains importance of the indicators, and how
practices are expected to respond. Additionally SAPG will also carry out an evaluation of
the feasibility of using C-reactive protein (CRP) testing to support prescribers in the clinical
management of patients with respiratory infections. It is anticipated both these initiatives will
support the ambition to continue to reduce unnecessary antibacterial use.
Antibacterials being prescribed by nurse prescribers continued to increase in 2014; 12.4%
higher than 2013. Nurses accounted for almost 1 in 20 (4.5%) of antibacterial items in primary
care in 2014. The growing direct impact of nurses on antibacterial use will be considered
by SAPG when planning future antimicrobial stewardship interventions in Scotland. In 2015,
SAPG in collaboration with NHS Education for Scotland (NES) developed an educational
resource to support nurses in their role in antimicrobial stewardship. The resource is available
http://www.nes.scot.nhs.uk/education-and-training/by-theme-initiative/healthcareassociated-infections/training-resources/antimicrobial-stewardship.aspx. This resource should
be promoted within primary care.
There has also been continued progress in improving the quality of prescribing in primary
care through the implementation of prescribing policies that influence the choice of
empirical treatment of commonly encountered infections. These policies are intended to
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reduce the use of antibacterials which are associated with CDI and encourage use of
first line narrower spectrum agents. In 2014, the rate of use of these high risk antibacterials
was 5.0% lower compared to 2013. There were reductions in use of co-amoxiclav (2.9%),
fluoroquinolones (4.9%) and cephalosporins (8.7%). As a proportion these higher risk agents
accounted for 8.3% of total antibacterial use in 2014, the lowest on record and reduced by
12.3% since the inception of SAPG in 2008.
However despite this progress there is still considerable variation between GP practices
in the use of these antibacterials and SAPG will continue to support clinicians in primary
care to reduce the use of these agents. Those practices where use remains high should be
targeted for interventions to support initiatives on formulary compliance that have been
successful in most practices.
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Primary Care Antibacterial Prescribing
The development of antimicrobial resistance is a complex evolutionary process, but it is accepted that the driver for the
development of resistance is use of antibacterials, and that resistance is greatest where use is greatest. There is evidence
from systematic reviews and randomised controlled trials that antibacterials have limited efficacy in treating a large
proportion of respiratory tract infections. A key component of the Scottish framework for antimicrobial stewardship in 2014
was the reduction in unnecessary prescribing.
Overall Antibacterial Use
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2.2 Secondary Care Antibacterial Use
Although the majority of antibacterial prescribing occurs out with hospitals the optimisation
of antibacterial prescribing in hospitals has been at the core of the quality improvement
work of SAPG since its inception in 2008. The aims for hospital stewardship programmes
are broadly similar to those in primary care: the reduction of total antibacterial use to limit
the development of AMR and implementation of prescribing policies to guide empirical
treatment and prophylaxis of infection to achieve optimal outcomes and minimise harm to
patients and wider society.
In 2014, the total use of systemic antibacterials in secondary care was 4.12 defined daily
doses (DDD)/1000/day. This was 5.9% higher than in 2013 and continues the upward trend
since hospital information on antibacterial prescribing became available for the first time in
2008. Increases in hospital use of antibacterials were also reported in the English Surveillance
Programme Antimicrobial Utilisation and Resistance (ESPAUR) report 2013 in NHS England.
NHS National Services Scotland (NSS) has commenced analysis of prescribing data from a
single NHS board which has used electronic prescribing and medicines administration for a
number of years. This ongoing analysis is intended to explore the reasons for the observed
increase in antibacterial use. Early preliminary findings suggest for patients receiving
antibacterials there is a trend towards an increased number of antibacterials prescribed.
In December 2015, SAPG will receive a summary of the key points of this analysis and will
be able to discuss whether a target to reduce hospital use of antibacterials should be
introduced.
Although a better understanding of the drivers for this sustained increase in hospital use of
antibacterials may provide insight into the development of interventions to reduce total
use, the importance of de-escalation and discontinuation of antibacterial treatment in
hospital as part of the strategy to avoid excessively long duration of treatment is recognised
by SAPG. In 2015, after a period of development and piloting SAPG has agreed on the
implementation of a national prescribing indicator in continuing care wards which focuses
on duration of antibacterial treatment. This quality improvement intervention is intended to
act as a catalyst for further interventions to reduce total antibacterial use in hospital.
SAPG will develop initiatives to reduce inappropriate use by working with clinicians to
ensure antibacterials are reviewed and stopped as soon as clinically appropriate within its
work programme for 2016. A development in primary care was the Scottish Reduction in
Antimicrobial Prescribing (ScRAP) programme, an educational toolkit to support prescribers
to reduce unnecessary antibacterial prescribing, SAPG should consider developing a toolkit
for hospital clinicians centred on ways frontline staff can reduce unnecessary antibacterial
use.
Unlike the continued progress toward reduction in the use of broad-spectrum antibacterials
with a higher risk of CDI in primary care, in secondary care there was a 9.7% increase
in the use of these agents in 2014. This was a larger increase than was observed in 2013
and whereas last year the increase resulted from increases in co-amoxiclav only, in 2014
there was increased use of co-amoxiclav (12.8%); cephalosporins (6.6%), fluoroquinolones
(6.0%) and clindamycin (2.2%). This is the first year since 2008 where increases in the use of
cephalosporins and fluoroquinolones have been observed. As a proportion these higher risk
broad-spectrum antibiotics accounted for 23.0% of total hospital use of antibacterials.
The reduction in annual incidence in CDI reported in 2009-11 has levelled off. The annual
incidence rate for CDI in 2014 is unchanged compared to 2013 for patients aged ≥65 years.
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There was only a small reduction in those aged 15-64 years in 2014. SAPG will work with
hospital clinicians to review the use of higher risk broad-spectrum antibacterials through
audits and review of guidance.
The combination of piperacillin-tazobactam is a broad spectrum agent active against
a wide range of pathogenic organisms. In 2014, there was an 8.2% increase in its use
continuing the increasing trend reported in previous years. In 2014, 11.2% Escherichia coli
bacteraemias were non-susceptible to piperacillin-tazobactam which is of concern due to
its frequent clinical use in potentially serious infections.
Carbapenems are a powerful group of very broad-spectrum antibacterials which are
sometimes referred to as the treatment of last resort. In recent years the threat from
organisms which produce carbapenemase enzymes that destroy the antibacterial has
been recognised worldwide. In 2014, the use of carbapenems was 2.1% higher than in 2013
and builds upon increases in previous years. SAPG recognise the importance of preservation
of the effectiveness of this critically important therapeutic option in management of
suspected or confirmed multi-drug resistant Gram-negative infections. In October 2013,
SAPG published guidance for antimicrobial management teams (AMTs) and infection
specialists to support clinical management of infections caused by Gram negative
microorganisms. This guidance promoted alternatives to carbapenems, such as aztreonam.
In 2014 there was 225.0% increase in aztreonam use, driven by increased use in two NHS
boards but overall aztreonam accounted for only 0.2% of total hospital antibacterial use. The
publication of the SAPG guidance has not yet resulted in a change in prescribing of these
important antibacterials.
Against the background of increased use, SAPG in partnership with the University of
Strathclyde developed in 2015 a project to examine patterns of piperacillin-tazobactam
and carbapenems use in NHSScotland. This work involves surveying NHS boards to establish
how these antibacterials and the carbapenem sparing agents are currently embedded
into therapeutic guidelines, conducting a national prevalence survey to determine
appropriateness of their use and in-depth qualitative case studies to understand facilitators
and barriers to adoption of SAPG guidance for these agents. This work will inform future
quality improvement interventions to promote safe and effective use of these important
treatments.
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Secondary Care Antibacterial Prescribing
Athough the majority of antibacterial prescribing occurs out with hospitals the optimisation of antibacterial prescribing in
hospitals has been at the core of the quality improvement work of SAPG since its inception in 2008. The aims for hospital
stewardship programmes are the reduction of total antibacterial use to limit the development of AMR and implementation
of prescribing policies to guide empirical treatment and prophylaxis of infection to achieve optimal outcomes and
minimise harm to patients and wider society.
Overall Antibacterial Use (excludes NHS Highland)
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 Develop initiatives to reduce inappropriate use by working with clinicians to ensure antibacterials are reviewed
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and review of guidance
Continue
to develop interventions to improve the quality of prescribing of carbapenems and Piperacillin-Tazobactam


® A revision was made to the Overall Antibacterial Use infographic and the figure 5.9% replaced the incorrect 6.4% figure published on 6th October 2015
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2.3 Clostridium difficile Infection (CDI)
The annual incidence rate for 2014 in patients aged ≥65 years was 34.5 per 100 000 total bed
days, which was unchanged compared to 2013 (1235 cases of CDI in 2014 compared to 1246
cases in 2013). In patients aged 15-64 years, the annual incidence rate for 2014 was 33.8 per
100 000 acute bed days compared to 35.0 per 100 000 acute bed days in 2013 (475 cases
of CDI in 2014 compared to 485 cases in 2013).[2] To date, all isolates of C. difficile have
been reported as susceptible to metronidazole and vancomycin, the two antimicrobials
commonly used to treat CDI (See Online Appendix).
Cephalosporin (cefotaxime) resistance remained high (>90.0%) in all major ribotypes
including 078 (84.0%). Previously reported cephalosporin resistance figures in 2013 were
artificially low due to issues with laboratory reporting.
Overall resistance to the fluoroquinolones continued to decrease in ribotypes 001, 027 and
106 compared to previous years when the majority of these epidemic types were resistant to
these antibacterials. The decrease in resistance to the fluoroquinolones may reflect patterns
of prescribing in which the use of fluoroquinolones has decreased.
Reducing the use of broad-spectrum antibacterials associated with a high risk of CDI
(including clindamycin, co-amoxiclav, cephalosporins and fluoroquinolone, also referred
to as the ‘4Cs’) remains a key element of the framework for antimicrobial stewardship coordinated by SAPG.
The data on primary care use of these antibacterials indicates continued progress toward
reduction in use. In 2014, there was a reduction in all 4C antibacterials. Moreover these
higher risk agents accounted for their lowest proportion of total antibacterial use on record.
In secondary care, a different pattern was observed in 2014 with a 9.7% increase in use of
4Cs, which builds upon the increase observed in 2013. Unlike last year, where the increase
in use of 4Cs was as a result of increased use of co-amoxiclav only, in 2014 there were
increases in all classes: co-amoxiclav (12.8%), cephalosporins (6.6%), fluoroquinolones (66%)
and clindamycin (2.2%).
Against the levelling off of CDI incidence rates it is important for SAPG to consider the drivers
for these increases in the use of higher risk agents and to what extent review of prescribing
guidance is required.
Future Health Protection Scotland (HPS) annual reports on CDI will include stratification of
cases into healthcare and community associated infection. This will potentially enable more
targeted improvements in prescribing aimed at preventing CDI.

2.4 Antimicrobial susceptibility in Gram-negative bacteria
This report, for the first time will include, where possible, data on non-susceptible (%NS)
isolates (including isolates deemed intermediate ‘I’ and resistant ‘R’) in contrast to previous
reports where only data on resistant (‘R’) isolates were included (Appendix). Historic
data have now been converted to allow for comparison over time (and reports of both
%NS and %R are available for each drug-bug combination in Appendix). The change in
reporting is a result of changes in UK and Europe wide reporting practices and conversion
to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) methodology.
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Including isolates of intermediate susceptibility in the overall analyses will allow for more
accurate estimation of resistance, prediction of clinical issues and identification of potential
threat to public health.
In 2014, E. coli continued to be the most frequent cause of Gram-negative bacteraemia in
Scotland (Table 1).
Table 1: Number of cases of bacteraemia reported in Scotland between 2011 and 2014.
Year
2011
2012
2013
2014

Total

E. coli (n)

4812
4900
5329
5564

3839
3924
4321
4539

K. pneumoniae
(n)
697
718
688
753

P. aeruginosa
(n)
242
234
292
238

A. baumannii
(n)
34
24
28
34

During 2014, there were 4539 cases of E. coli bacteraemia in Scotland compared to 4321
in 2013. The incidence rate increased each year from 69.8 per 100 000 bed days in 2010 to
88.2 per 100 000 bed days in 2014. There was an increasing year on year trend of 6.1% in the
incidence rate in this period (p<0.05). The change in the incidence of E. coli bacteraemia
between 2013 and 2014 was 4% (p=0.066).
The overall incidence rate of E. coli bacteraemia is higher in Scotland (84.9 per 100 000
population) than the average rate of all English regions (who reported an incidence rate of
66.2 per 100 000 population with a range of 56.0 per 100 000 population to 94.9 per 100 000
population for 2014/15).[3]
In order to determine the burden of AMR from the E. coli bacteraemias rates of nonsusceptible cases per 100 000 bed days were calculated for key antimicrobials.
The non-susceptibility rates per 100 000 bed days for E. coli bacteraemia for selected
antimicrobials remained stable from 2013 to 2014 despite the increase in burden of disease
(Table 2).
Table 2: Burden of AMR: Cases with non-susceptible E. coli bacteraemias per 100 000
occupied bed days.
Antimicrobial
ceftriaxone
gentamicin
ciprofloxacin
ceftriaxone/ciprofloxacin
ceftriaxone/gentamicin
ceftriaxone/ciprofloxacin/
gentamicin

Cases with non-susceptible E. coli bacteraemias
per 100 000 occupied bed days
2013

2014

1.8
7.3
14.4
1.4
0.6

1.0
8.8
14.5
0.8
0.5

0.5

0.4

The proportion of extended-spectrum beta-lactamase (ESBL) producers among E. coli
bacteraemias has remained stable since 2011 (Table 3). This is reassuring as treatment
options are less for ESBL producers and patient outcomes have been reported to be poorer
than for non-ESBL infections [4;5]; moreover there is the risk of plasmid spread.
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Table 3: ESBL producers among E. coli and K. pneumoniae bacteraemias.
Year
2011
2012
2013
2014

E. coli (n)
3839
3924
4321
4539

E. coli
% ESBL
6.5
6.6
6.7
6.5

K. pneumoniae (n)
697
718
688
753

K. pneumoniae
% ESBL
7.0
6.4
6.0
6.2

Non-susceptibility to a wide range of important antibacterial classes continues to occur
frequently among E. coli bacteraemias. This includes non-susceptibility to virtually all
important classes of antimicrobials,except for carbapenems, and to combinations of key
agents.
Antimicrobial susceptibility among E. coli bacteraemias remained unchanged between 2013
and 2014 for all agents (Table 4) and has also remained stable since 2011(Figure 1). Although
non-susceptibility to co-amoxiclav (32.6%) in E. coli bacteraemias has remained stable in the
last year, it continues to occur at a very high frequency that potentially could compromise
infection management. Prescribing policies leading to the restriction of broad-spectrum
agents in general (in particular carbapenems), IVOST (IV switch to oral therapy) and deescalation initiatives may have driven the increased use of co-amoxiclav. This coincides
with increases in non-susceptibility to co-amoxiclav for E. coli bacteraemias observed since
2012 (25.7% in 2012, 30.6 in 2013 and 32.6 in 2014). This increase in non-susceptibility to coamoxiclav has led to other drugs (e.g. aminoglycosides), being used as alternatives in those
infections caused by co-amoxiclav resistant isolates. However, there have been reports of
increased resistance observed to aminoglycosides in co-amoxiclav resistant E. coli with a
Spanish study reporting 40.5% resistance to aminoglycosides.[13]
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Table 4: Antimicrobial susceptibility in Gram-negative bacteraemias between
2013 and 2014.
% NS (number of isolates tested)
Organism

Antimicrobial
amoxicillin

E. coli

14

aztreonam
co-amoxiclav
cefoxitin
cefuroxime
ceftriaxone
cefotaxime
ceftazidime
gentamicin
ciprofloxacin
meropenem
piperacillintazobactam
trimethoprim
ceftriaxone/
ciprofloxacin
ceftriaxone/
gentamicin
ceftriaxone/
ciprofloxacin/
gentamicin
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2013

2014

64.2 (3335)
9.2 (3650)
30.6 (3861)
6.9 (3419)
15.1 (3813)
8.2 (1134)
8.1 (3008)
7.9 (3437)
9.6 (3860)
19.0 (3865)
0.0 (3834)

64.7 (4075)
8.4 (4160)
32.6 (4258)
7.2 (3692)
14.0 (4121)
6.1 (876)
8.2 (3654)
7.7 (3006)
10.1 (4478)
17.6 (4225)
0.02 (4148)

10.6 (3826)
39.1 (3605)

11.2 (4170)
38.5 (4154)

6.2 (1134)

4.6 (874)

2.8 (1133)

2.7 (876)

Statistical
significance of %
change
↔
↔
↔
↔
↔
↔
↔
↔
↔
↔
↔
↔
↔
↔
↔
↔

2.4 (1133)

2.2 (874)

Table 4: Antimicrobial susceptibility in Gram-negative bacteraemias between
2013 and 2014. continued
% NS (number of isolates tested)
Organism

Antimicrobial

P. aeruginosa

6.8 (+586)

8.4 (699)

↔

co-amoxiclav

12.1 (622)

12.8 (696)

↔

4.3 (536)

7.2 (609)

↑

cefuroxime

10.8 (609)

15.5 (677)

↑

ceftriaxone

4.0 (176)

7.5 (133)

↔

cefotaxime

7.9 (482)

8.6 (602)

↔

ceftazidime

5.6 (552)

7.6 (500)

↔

gentamicin

6.6 (622)

6.5 (737)

↔

ciprofloxacin

9.0 (622)

10.8 (688)

↔

meropenem

0.2 (616)

0.0 (678)

↔

piperacillintazobactam
trimethoprim

11.9 (616)

16.0 (686)

22.0 (576)

23.2 (689)

1.1 (176)

5.3 (132)

2.3 (176)

4.5 (133)

15

↑
↔

ceftriaxone/
ciprofloxacin
ceftriaxone/
gentamicin
ceftriaxone/
ciprofloxacin/
gentamicin
ceftazidime

1.1 (176)

3.8 (132)

7.0 (227)

5.5 (146)

↔

gentamicin

5.2 (251)

3.0 (230)

↔

ciprofloxacin

6.4 (250)

6.1 (228)

↔

meropenem

5.7 (245)

4.5 (202)

↔

piperacillintazobactam
ceftazidime

A. baumannii

2014

aztreonam

cefoxitin

K. pneumoniae

2013

Statistical
significance of %
change

↑
↔
↔

↓

14.5 (249)

8.0 (225)

25.0 (16)

15.8 (19)

↔

gentamicin

0.0 (24)

0.0 (32)

↔

ciprofloxacin

4.2 (24)

3.1 (32)

↔

meropenem

0.0 (23)

3.1 (32)

↔

piperacillintazobactam

18.8 (16)

10.5 (19)
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Figure 1: Percentage of non-susceptible E. coli bacteraemias between 2011 and 2014

Antimicrobial
2011

2012

2013

2014

Non-susceptibility to different combinations of key antimicrobials (including thirdgenerations cephalosporins, fluroquinolones and aminoglycosides) which is affecting the
clinical management of E. coli bacteraemias have remained stable at low level frequencies
following previous declines.
Non-susceptibility to meropenem among Scottish E. coli bacteraemias in 2014 was low at
0.02%. The European Antimicrobial Resistance Surveillance Network (EARS-Net) reported
an European Union (EU)/ European Economic Area (EEA) population-weighted mean
percentage for carbapenem resistance of 0.2%, but increasing trends were observed in five
countries (Bulgaria, France, Greece, Italy and Spain).

2.4.1 Antimicrobial susceptibility in Escherichia coli urinary tract
infections
Urinary Tract Infections (UTI) are a common reason for consultation with a GP and after
respiratory infections are the second most common indication for empirical antibacterial
use in primary care. National guidelines state that non-pregnant women of all ages with
signs and symptoms of acute lower UTI should be treated empirically with trimethoprim or
nitrofurantoin for three days.
The data on antimicrobial resistance in urinary isolates is based on a sample of isolates
selected for antimicrobial susceptibility testing as per the Scottish Intercollegiate Guidelines
Network (SIGN) guidelines [6]. Each NHS board is required to provide susceptibility data
(generated in VITEK2) on 400 consecutive non-duplicate urine specimens per quarter, this
includes data from both community and hospital patients. Bias occurs in this dataset as
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urine samples tend to be obtained more frequently from patients with failed empirical
treatment, however, this bias is reduced to some extent by selecting a random sample
from each board every quarter. Due to current data transfer setup of the urine data %NS
are not available for the UTI reports and susceptibility is therefore expressed as %R. Data for
NHS Greater Glasgow and Clyde has been excluded from analysis in this report due to a
temporary issue with transfer of data.
Antimicrobial susceptibility profiles among E. coli urine isolates (Table 5) were similar to those
observed in E. coli bacteraemia with trends mostly stable. However, there were decreasing
trends in resistance among the urinary isolates for carbapenems (ertapenem from 0.1% to
0.04%) and nitrofurantoin from 3.7% to 3.2% from 2013 to 2014. Resistance to trimethoprim
(35.0%) and fluoroquinolones (12.0%) remains high. Importantly for clinical management of
UTI there were also decreasing trends observed in resistance among the urinary isolates for
the combination trimethoprim/nitrofurantoin (2.8% to 2.3%) with trends remaining stable for
the other combinations of antimicrobials commonly used to treat UTI.
Table 5: % Resistance in E. coli urinary isolates*.
% Resistance (number of isolates tested)
Antimicrobial

ampicillin
cefotaxime
ceftazidime
cefuroxime
cephalexin
ciprofloxacin
ertapenem
gentamicin
meropenem
nitrofurantoin
tetracycline
trimethoprim
trimethoprim/nitrofurantoin
trimethoprim/nitrofurantoin/ciprofloxacin
trimethoprim/nitrofurantoin/co-amoxiclav
trimethoprim/nitrofurantoin/ciprofloxacin/
co-amoxiclav
*

17

2013

2014

54.7 (10858)
5.6 (11620)
2.9 (12900)
11.8 (12891)
7.8 (12876)
12.2 (12900)
0.1 (12889)
5.0 (12900)
0.02 (12895)
3.7 (12880)
29.5 (12878)
35.5 (12895)
2.8 (12880)
1.5 (12880)
1.5 (12880)

54.6 (11625)
5.1 (11396)
2.8 (12667)
11.7 (12665)
7.4 (12652)
12.0 (12666)
0.04 (12666)
5.1(12665)
0.01(12663)
3.2 (12658)
29.3 (12658)
35.0 (12668)
2.3 (12658)
1.2 (12657)
1.4 (12658)

1.0 (12880)

0.9 (12657)

Statistical
significance of
% change
↔
↔
↔
↔
↔
↔
↓
↔
↔
↓
↔
↔
↓
↔
↔
↔

Data for NHS Greater Glasgow and Clyde has been excluded from analysis due to a temporary
issue with transfer of data.
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2.4.2 Antimicrobial susceptibility in Klebsiella pneumoniae
bacteraemias
Susceptibility among Klebsiella pneumoniae bacteraemias remained unchanged between
2013 and 2014 (Table 4) for most agents. This is following on from previous years decreasing
trends in %NS (in the period 2009-2013), however, non-susceptibility continues to occur
among K. pneumoniae to all key antimicrobials (Figure 2).
Moreover, non-susceptibility to piperacillin-tazobactam had increased from 11.9% to 16.0%
which continues the increasing trend since 2012 (8.8% %NS).
Figure 2: Percentage of non-susceptible K. pneumoniae bacteraemias between 2011 and
2014.

% non-susceptible

30
25
20
15
10

la
v
ur
ox
im
e
Ce
ftr
ia
xo
ne
Ce
fo
ta
xim
Ce
e
fta
zid
im
Ge
e
nt
am
ici
Ci
n
pr
ofl
ox
ac
Pi
in
M
pe
er
ra
o
cil
pe
lin
ne
-Ta
m
zo
ba
Ce
ct
Tr
am
ftr
im
ia
et
x
on
ho
Ce
e/
pr
f tr
C
Ci
im
ia
ef
p
xo
tri
ro
ne
ax
flo
on
/C
xa
ip
e/
cin
ro
Ge
flo
n
ta
xa
m
cin
ici
/G
n
en
ta
m
ici
n
Ce
f

ox
ic

am

Ce
fo
xit

Co
-

Az

tre

on

am

0

in

5

Antimicrobial
2011

2012

2013

2014

In comparison with Europe, EARS-Net reported significantly increasing trends for several
countries for all of these antibacterials. The EU/EEA population-weighted mean for
carbapenem resistance was 8.3%. Meropenem resistance continues to be rare among
K. pneumoniae bacteraemias in Scotland (a single isolate was reported in 2013 with no
recorded resistance in 2014).
Klebsiella spp. causing bacteraemias were generally more sensitive to agents of all
antimicrobial classes compared to the K. pneumoniae bacteraemias, except for %NS to coamoxiclav and piperacillin-tazobactam that were more frequent among the other Klebsiella
species.
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2.4.3 Resistance in Klebsiella pneumoniae urinary tract infection
Among K. pneumoniae urinary isolates resistance decreased in 2014 relative to 2013 for
cefotaxime, cephalexin, gentamicin and trimethoprim although resistance to nitrofurantoin
(33.0%) and trimethoprim (27.1%) remains high (Table 6).
Table 6: % Resistance in K. pneumoniae urinary isolates*.
Antimicrobial
cefotaxime
ceftazidime
cefuroxime
cephalexin
ciprofloxacin
ertapenem
gentamicin
meropenem
nitrofurantoin
tetracycline
trimethoprim

% Resistance (number of isolates tested)
2013

2014

8.5 (944)
5.4 (1035)
14.6 (1035)
10.4 (1034)
7.0 (1035)
0.3 (1035)
8.3 (1035)
0.0 (1035)
29.9 (901)
22.1 (1033)
31.6 (1035)

5.1 (924)
4.0 (1049)
12.1 (1048)
7.1 (1049)
5.7 (1050)
0.6 (1049)
4.7 (1050)
0.1 (1049)
33.0 (1032)
18.8 (1049)
27.1 (1050)

Statistical significance
of % change
↓
↔
↔
↓
↔
↔
↓
↔
↔
↔
↓

*Data for NHS Greater Glasgow and Clyde has been excluded from analysis due to a
temporary issue with transfer of data.

2.4.4 Susceptibility in Pseudomonas aeruginosa bacteraemias
Resistance to all commonly used anti-pseudomonal agents was observed among
Pseudomonas aeruginosa bacteraemias in Scotland in the period 2011-2014 with decreasing
trends for most of the antimicrobials for this period (Figure 3). Susceptibility among
P. aeruginosa bacteraemias remained unchanged between 2013 and 2014 except for
piperacillin-tazobactam where a decrease in the %NS was observed.
Figure 3: Percentage of non-susceptible P. aeruginosa bacteraemias between 2011 and 2014.
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2013

Meropenem
2014

Piperacillin

In 2014, the Scottish isolates were more susceptible to all agents (%NS ranging from 3.0% to
8.0%) than the European average reported by EARS-Net in the previous year. The European
population-weighted mean resistance for piperacillin-tazobactam was 16.2%, 20.0% for
ciprofloxacin, 12.2% for ceftazidime and 17.6% for carbapenems compared to Scotland
where the non-susceptibility was 8.0%, 6.1%, 5.5% and 4.5% respectively. The European
population-weighted mean resistance for aminoglycosides (e.g. gentamicin, tobramycin
and amikacin) was 15.9% in 2013 compared to Scotland where resistance to gentamicin was
4.0% in 2013 and 3.0% in 2014.

2.4.5 Antimicrobial susceptibility in Acinetobacter baumannii
bacteraemias
Non-susceptibility to ceftazidime (15.8%), ciprofloxacin (3.1%), meropenem (3.1%) and
piperacillin-tazobactam (10.5%) was detected in Acinetobacter baumannii bacteraemias
in 2014. However, these findings are based on a small number of cases, and may not
represent non-susceptibility profiles and trends accurately in A. baumannii as this organism
is more commonly isolated from respiratory tract samples. There was a large variation in
the resistance proportions being reported for Acinetobacter spp. by EARS-Net (resistance
to fluoroquinolones ranged from 0% to 95.0%, resistance to carbapenems ranged from
0% to 90.6%, however, no comparisons were available for ceftazidime and piperacillintazobactam).

2.4.6 Resistance in Haemophilus influenzae
A total of 59 Haemophilus influenzae blood and cerebrospinal fluid (CSF) specimens were
reported by reference and diagnostic laboratories in Scotland in 2014. In 2014, there was no
reported resistance to ampicillin, ciprofloxacin or to tetracycline.

2.4.7 Resistance in Neisseria meningitidis
A total of 67 Neisseria meningitidis blood and CSF specimens were reported by reference
and diagnostic laboratories in Scotland in 2014. No resistance in 2014 was reported for
cefotaxime, ceftriaxone, ciprofloxacin, penicillin or rifampicin which is similar to reports of low
levels of resistance for previous years.

2.4.8 Resistance in Neisseria gonorrhoeae
A total of 1978 Neisseria gonorrhoeae specimens were reported by reference and diagnostic
laboratories in Scotland in 2014 of which 940 were tested for antimicrobial susceptibility.
There was no resistance reported to ceftriaxone in 2014 while 1.3% (n=12) were nonsusceptible to azithromycin. Further information is available from http://www.hps.scot.nhs.uk/
documents/ewr/pdf2015/1524.pdf
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Gram-negative bacteraemia
E. coli continued to be the most

frequent cause of gram-negative
bacteraemia in Scotland.

84.9 annual incidence rate of E. coli
bacteraemia per 100,000
population

4,539 cases of E. coli bacteraemia
within Scotland in 2014

E.
100coli annual rate trend

Proportion of ESBL producers
among E. coli has remained
stable since 2011 at 6%
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co-amoxiclav
non-susceptibility
in E. coli 33%

2.5 Carbapenemase-producing organisms (CPO)
All potential carbapenemase producing organisms (CPO) isolated by Scottish diagnostic
laboratories are sent to the Antimicrobial Resistance and Healthcare Associated Infections
(AMRHAI) Reference Unit (Public Health England (PHE)) for confirmation of carbapenemase
production. The results of confirmed CPO’s by the AMRHAI Reference Unit are presented. In
2014, a total of 43 CPO’s were reported in Scotland, this was an increase compared to 2013
(n=22) (Figure 4 and Table 7– for more detailed information see Appendix). However this
increase could reflect ascertainment bias due to better awareness and implementation
of screening in high risk populations [7] rather than a genuine increasing incidence. There
could still be under-ascertainment as no national surveys of referrals patterns (by organism)
and compliance with screening policy have been carried out.
Figure 4: Carbapenemase producers reported in Scotland by AMRHAI Reference Unit (PHE).
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Table 7: Carbapenemase producers reported in Scotland by AMRHAI Reference Unit (PHE) in
2014.
Organism
Acinetobacter baumannii
Citrobacter freundii
Enterobacter cloacae
complex
Escherichia coli
Klebsiella pneumoniae
Proteus mirabilis
Providencia rettgeri
Pseudomonas
aeruginosa
Total

22

IMP

KPC

2

1
1

2

2

4
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Enzyme
NDM
OXA-48
1

1
5

1
5
2
1
1

11

VIM

7
3

10

Total
1
2
9

4

12
13
1
1
4

16

43

6

New Delhi metallo-lactamase (NDM)-producers were reported on 11 occasions in
2014, including A. baumannii (n=1), E. coli (n=5), Enterobacter cloacae complex (n=1), K.
pneumoniae (n=2), Proteus mirabilis (n=1) and Providencia rettgeri (n=1) (Table 7).
So far in 2015 there have been only three NDM- producers reported from E. coli, K.
pneumoniae and P. aeruginosa (Table 8). NDM is disseminated via conjugative plasmids that
can be exchanged between different bacterial species often within the Gram-negative gut
flora of persons both in the community and healthcare settings, and can therefore spread
via multiple routes. According to previous reports, NDM-producers have been reported
more frequently in the UK than in the rest of Europe, but this may partly be due to underascertainment in some countries.[8]
For the first six months of 2015, there have been a total of 25 CPO’s reported (Table 8).
Table 8: Carbapenemase producers reported in Scotland by AMRHAI Reference Unit (PHE)
for 01 January to 30th June 2015.
Enzyme
Organism
Citrobacter freundii
Enterobacter cloacae
complex
Escherichia coli
Klebsiella pneumoniae
Proteus mirabilis
Pseudomonas aeruginosa
Total

IMI

IMP

1

1

KPC

NDM

OXA48

2

3
3

VIM
1
5

3

1
1

5

1
3

3
2
1
6

1
7

Total
1
8
4
6
1
5
25

From 2011 to 2015, 11-32% of confirmed carbapenemase producing organisms (CPO’s)
were non- Enterobacteriaceae. However, levels of ascertainment may vary between
species (for example testing may become less frequent for certain species over time as
a result of high negativity rates for those). In 2014, approximately 12% (n=5) of CPO’s were
non- Enterobacteriaceae. These non-Enterobacteriaceae included Verona integronencoded metallo-β-lactamase (VIM) producing P. aeruginosa (n=4) and NDM producing A.
baumannii. In the first six months of 2015, 20% (n=5) of CPO’s were non-Enterobacteriaceae.
All non-Enterobacteriaceae were P. aeruginosa including imipenemase (IMP), NDM and VIM
producers.
Epidemiological stages, ranging from sporadic to endemic spread of carbapenemase
producers, are used to compare the spread of carbapenemase producers in European
countries.[9] Scotland is now being reported as a country with ‘regional spread’ similar to
the situation in England. A retrospective review of all cases which includes linkage to hospital
admission records is currently being undertaken by HPS to characterise the epidemiology of
CPOs in more detail.
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2.5.1 European Survey on carbapenemase producing
Enterobacteriaceae (EuSCAPE) - Laboratory and surveillance capability
for detecting carbapenemase producing organisms in Scotland, UK and
Europe
As previously reported [10], 14 Scottish hospitals within the Glasgow and Edinburgh areas and
the Scottish Salmonella, Shigella and Clostridium difficile Reference Laboratory (SSSCDRL)
participated in the Europe wide laboratory and surveillance capability and capacity
building exercise ‘European Survey on carbapenemase producing Enterobacteriaceae
(EuSCAPE)’ (in 2013/14) including more than 450 hospitals in 36 countries aiming at building
the necessary structures (including national expert laboratories, agreement to diagnostic
standards and improvement of quality assessed diagnostic and surveillance capacity)
in each member state to provide timely and accurate information on carbapenemase
producing bacteria. Moreover, the exercise was aimed at building a network of sentinel
sites in each member state that can provide standardised and timely epidemiological
information at a European level.
During the exercise clinical E. coli and K. pneumoniae isolates received for routine
diagnostics were screened for potential carbapenemase production followed by
identification of the enzymes by polymerase chain reaction (PCR) and a phenotypic test
in line with the EuSCAPE protocol which outlined diagnostic standards for the participating
laboratories.
The exercise identified a number of issues in relation to the diagnostic identification and
reporting as standardisation of diagnostic and reference laboratory methodology and
estimation of comparable denominators across Europe, and even within the UK and
Scotland, proved challenging. The above reported rates and comparisons should therefore
be interpreted with great caution.
A consistent approach to screening/sampling and diagnostic identification and
confirmation of carbapenemase producers and a comprehensive sampling and
reporting frame are crucial components of a national effective surveillance programme;
and are required to protect public health and patient safety. It is therefore crucial that
various parts of NHSScotland work together in order to standardise and coordinate all
of these components. HPS is currently undertaking work to assist the NHS boards in the
implementation of screening for carbapenemase producing Enterobacteriaceae and will
further engage with the microbiology community and reference services to support the
efforts to build laboratory capability and capacity within Scotland.
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Carbapenemase-producing organisms (CPOs)
Multidrug resistance among gram-negative bacteria has been increasingly reported in the last ten years. The emergence of
carbapenemase-producing organisms (CPOs) is of particular concern as it leaves very few therapeutic options for treatment.

VIM

IMP

NDM

OXA-48

2013

KPC

22

43 Carbapenemase-producing gram-negative

2014

organisms identified in Scotland in 2014—an
increase from 22 reports in 2013

43

A part of this could be due
to improved awareness
resulting in more
frequent testing.

The overall occurrence of
carbapenem resistance in
bacteraemias and UTIs is
estimated low in Scotland.

2.1%
2013
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It is critical to preserve
the use of the antibiotics
due to lack of new
antimicrobials under
development.

2.1% increase in the use of

carbapenems between 2013 and
2014—this continues the upward
trend observed in previous years.

2.6 Susceptibility in Gram-positive bacteria
The total numbers of Gram-positive bacteraemias reported between 2011 and 2014 are
listed in Table 9.
Table 9: Gram-positive bacteraemias in 2011-2014; number of cases as per EARS-Net
definition (adapted)
MRSA
(% of all
S. aureus)

MSSA

2011

194 (13.4%)

1258

446

434

236

2012

173 (12.7%)

1187

419

419

250

2013

141 (9.6%)

1327

506

405

261

2014

128 (9.2%)

1269

394

396

320

Year

Streptococcus
pneumoniae

Enterococcus
faecalis

Enterococcus
faecium

2.6.1 Susceptibility in meticillin resistant Staphylococcus aureus
(MRSA) bacteraemias
The proportion of MRSA among all S. aureus bacteraemias decreased to 9.2% in 2014. This
compares favourably to the rest of Europe with EARS-Net reporting a mean of 18.0% and
a range of 0% to 64.5%. The number of cases of MRSA, as per EARS-net definition, has
decreased in the last four years.
In 2014, non-susceptibility to key agents including ciprofloxacin, erythromycin, trimethoprim
and tetracycline in MRSA remained high though stable compared to 2013 and also over the
last four years. To date, there have been no reports of non-susceptibility to vancomycin in
MRSA in Scotland.
High level non-susceptibility to mupirocin among MRSA bacteraemias decreased between
2013 and 2014 (from 7.8% to 2.4%), but this decrease should be interpreted with caution, as it
may be attributable to small numbers with only 11 non-susceptible isolates being reported
in 2013 and three in 2014. The antimicrobial susceptibility in Gram-positive bacteraemias
between 2013 and 2014 are shown in Table 10.
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Table 10: Non-susceptibility in Gram-positive bacteraemias between 2013 and 2014
% NS (number of isolates tested)
Organism

MRSA

MSSA

S. pneumoniae

E. faecalis

E. faecium

Antimicrobial
chloramphenicol
ciprofloxacin
erythromycin
fusidic acid
gentamicin
kanamycin
linezolid
mupirocin (high
level)
rifampicin
teicoplanin
tetracycline
trimethoprim
vancomycin
chloramphenicol
ciprofloxacin
clindamycin*
erythromycin
fusidic acid
gentamicin
kanamycin
linezolid
mupirocin
rifampicin
teicoplanin
tetracycline
trimethoprim
vancomycin
erythromycin
penicillin
vancomycin
amoxicillin
gentamicin (high
level)
linezolid
vancomycin
amoxicillin
linezolid

2013

2014

0.7 (141)
87.9 (141)
59.6 (141)
11.3 (141)
14.2 (141)
18.4 (141)
0.0 (141)

0.0 (128)
86.7 (128)
73.3 (30)
13.3 (128)
16.4 (128)
13.3 (30)
0.0 (125)

Statistical
significance
of % change
↔
↔
↔
↔
↔
↔
↔

7.8 (141)

2.4 (125)

↓

5.0 (141)
0.0 (141)
22.0 (141)
35.5 (141)
0 (141)
0.2 (1327)
3.9 (1327)
1.8 (1327)
12.1 (1327)
12.9 (1327)
1.3 (1327)
1.4 (1327)
0.1 (1327)
0.3 (1327)
0.4 (1327)
0.0 (1327)
7.4 (1327)
2.9 (1327)
0.0 (1327)
7.4 (472)
8.3 (472)
0.0 (311)
3.6 (308)

1.6 (125)
0.0 (125)
26.4 (125)
39.2 (125)
0 (125)
0.2 (1264)
6.3 (1264)
12 (1264)
14.5 (283)
12 (1265)
1.3 (1263)
2.2 (276)
0 (1200)
0.3 (1202)
0.2 (1201)
0.0 (1202)
6.7 (1201)
5.5 (1201)
0.0 (1200)
4.6 (366)
5.5 (366)
0.6 (343)
3.0 (333)

↔
↔
↔
↔
↔
↔
↑
↑
↔
↔
↔
↔
↔
↔
↔
↔
↔
↑
↔
↔
↔
↔
↔

33.3 (225)

33.8 (272)

↔

0.0 (311)
20.0 (220)
90.5 (201)
0.5 (216)

0.0 (315)
26.8 (291)
93.4 (274)
0.7 (281)

↔
↔
↔
↔

*Increase in clindamycin due to changes in reporting
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2.6.2 Susceptibility in meticillin sensitive Staphylococcus aureus
(MSSA) bacteraemias
Susceptibility of MSSA to the majority of antibacterials tested has remained stable since
2009. There were increases observed between 2013 and 2014 for ciprofloxacin (3.9% to 6.3%),
clindamycin (1.8% to 12.0%) and trimethoprim (2.9% to 5.5%).

2.6.3 Susceptibility in Streptococcus pneumoniae bacteraemias
Non-susceptibility to penicillin and erythromycin in S. pneumoniae have shown decreasing
trends since 2011. EARS-Net have reported a range of 1.1% to 40.0% for penicillin resistance,
an EU/EEA mean of 4.9% for fluoroquinolones (no range was reported), and a range of 1.5%
to 38.1% for macrolides.
All wild type S. pneumoniae have intermediate susceptibility and therefore %NS ciprofloxacin
are not reported. Resistance to ciprofloxacin in 2014 was 0.3% and has remained at a
stable level for the last four years. This report, for the first time includes analysis of minimum
inhibitory concentration (MIC) data for S. pneumoniae. MICs results were obtained
from 94.8% (1673/1765) of isolates and were analysed for two antimicrobials of interest
erythromycin and penicillin for 2011 to 2014.
For erythromycin, the MIC’s ranged from 0.0030 to >256 for 2011 to 2014. When the EUCAST
breakpoints are applied to the data for 2011 to 2014 the majority of samples (93.1%) were
considered sensitive. There was an increase in the MIC50 value from 0.0470 in 2011 to 0.0900
in 2014 and there was also an increase in the MIC90 value from 0.0900 in 2011 to 0.1200 in
2013 and 2014 (Table 11).
Table 11: MIC values for erythromycin in S. pneumoniae, 2011 to 2014
erythromycin
2011
2012
2013
2014

MIC Range   
0.0030 to >256
0.0030 to >256
0.0060 to >256
0.0030 to >256

MIC50
0.0470
0.0450
0.0600
0.0900

MIC90
0.0900
0.0600
0.1200
0.1200

For penicillin, the MIC’s ranged from 0.0020 to 4.0 for 2011 to 2014 (Table 12). When the
EUCAST breakpoints are applied to the data for 2011 to 2014 the majority of samples (92.1%)
were considered sensitive.
Table 12: MIC values for penicillin in S. pneumoniae, 2011 to 2014
penicillin
2011
2012
2013
2014

MIC Range   
0.0080 to 2
0.0020 to 4
0.0040 to 2
0.0060 to 1

MIC50
0.0230
0.0230
0.0300
0.0230

MIC90
0.0300
0.0600
0.0600
0.0300

In 2014, the most common Scottish S. pneumoniae serotypes isolated from blood isolates
were 8, 22F, 7F, 3, 19A, 12F, 15A, 24F, 9N, 6C and 10A (in order of decreasing percentage),
accounting for 73.5% of all isolates (275/374). In 2014, 52.2% (12/23) of S. pneumoniae
serotype 15A were reported as being resistant to erythromycin (this serotype is not included
in the vaccine). Resistance to erythromycin in this serotype has remained stable since 2011;
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however, it is important to remain vigilant to any increases in resistance.
We will continue to monitor resistance in S. pneumoniae and report any emerging issues to
SAPG and key stakeholders.

2.6.4 Antimicrobial susceptibility in Enterococcus spp. bacteraemias
Non-susceptibility to vancomycin among E. faecalis causing bacteraemia remains rare
(0.6%) while non-susceptibility to vancomycin was observed in 26.8% of E. faecium isolates
causing bacteraemia. This remains high in comparison to the rest of Europe with EARS-Net
reporting a mean percentage of 8.9% resistance and a significant increasing trend across
the whole of the UK.[11] However, bacteraemia caused by E. faecium remains infrequent in
Scotland with 320 cases reported for all of Scotland in 2014.
There were no isolates of E. faecium that were resistant to both vancomycin and linezolid.
Following the UK linezolid resistance alert in 2012, it was advised that laboratories submit all
linezolid-resistant enterococci or staphylococci isolates to the relevant national reference
laboratory for further characterisation. No enterococcal blood isolates were reported as
having combined resistance to vancomycin, linezolid and tigecycline, however this has
been observed in non-blood isolates. Enterococci are an important cause of HAI and are
highly persistent in a hospital setting. They are intrinsically resistant to a broad range of
antibacterials and the emergence of combined resistance to vancomycin, linezolid and
tigecycline is of concern as it leaves few therapeutic options available.
EARS-Net have reported on the emergence of an important healthcare associated
polyclonal complex E. faecium clonal complex (CC)17 and also CC2 and CC9 in E.
faecalis.[12] In 2012, a sampling strategy was developed to characterise the molecular
epidemiology of vancomycin resistant enterococci in Scottish hospitals. Results have shown
a lack of standardisation of the pulsed-field gel electrophoresis (PFGE) method currently
used to characterise vancomycin resistant enterococci (VRE) in Scotland (and across the
UK), precludes meaningful comparisons over time and different areas. In addition to the
construction of a national strain database, newer methods, including whole genome
sequencing based methods should be explored. However, the current typing setup has
proven extremely useful in determining epidemiological links at local level, which has
enabled Scottish MRSA Reference Laboratory (SMRSARL) to provide advice on infection and
prevention control measures to the affected NHS boards.
In order to continuously monitor the burden of enterococcal bacteraemias and any
changes in antimicrobial susceptibility patterns, the current national case-based
surveillance (using diagnostic microbiology reports from ECOSS (Electronic Communication
of Surveillance in Scotland) and reported in national HPS AMR reports) should continue
and be expanded and further aligned with reporting by the UK and European Centre for
Disease Prevention and Control (ECDC). Major changes in the use of antimicrobials as a
result of antimicrobial stewardship could potentially lead to changes in the epidemiology
of VRE with regards to colonisation, infection and transmission. Altered use of beta-lactams,
aminoglycosides and glycopeptides are of particular relevance to the emergence and
spread of vancomycin resistant enterococci due to selective pressure for resistance and
propensity to allow overgrowth of enterococci.
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Gram‑positive bacteraemia

9.2% of S. aureus bacteraemias were MRSA in 2014
Susceptibility to key agents in
MRSA remained low though
stable compared to 2013

2013
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Since 2009,
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antimicrobials tested has
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3. Developments
3.1 Reporting
The UK Five Year Antimicrobial Resistance Strategy 2013-2018 was published in September
2013.[12] One of the key areas for action was better access to and use of surveillance data
on antimicrobial use and resistance. As a result, the publication date of this report and
future reports has been changed to provide a more timely publication of the most recent
information in line with the wider UK approach. Further improvements in the timeliness and
frequency of reporting will be developing in the coming year.

3.2 Inclusion of data on non-susceptible isolates
For the first time, this report has included, where possible, data on non-susceptible isolates
in contrast to previous reports where only data on resistant isolates were included. The nonsusceptible category includes both isolates reported as intermediate (concentration of
antimicrobial required to inhibit its growth in vitro is associated with an uncertain therapeutic
outcome) and resistant (concentration required to inhibit its growth in vitro is associated with
a high likelihood of therapeutic failure). The change in reporting is a result of changes in UK
and Europe wide reporting practices and conversion to the EUCAST methodology. Including
the intermediate isolates in the analyses will allow for a better understanding of the clinical
issues and potential threat to public health.

3.3 Addition of drug-bug combinations within the AMR
surveillance
This report for the first time has included combinations of first-line antimicrobials used to treat
E. coli UTI and data on non-susceptibility in line with the rest of the UK. HPS will continue to
monitor these changes to the use of combinations of antimicrobials and in particular the
resistance and non-susceptibility of these antimicrobials.

3.4 Controlling Antimicrobial Resistance in Scotland (CARS)
In September 2013, the Department of Health published the UK Five Year (2013 to 2018) AMR
Strategy.[12] It recognises that the threat of AMR cannot be eradicated; it must be managed
to minimise the impact for human and animal health. Unless action is taken it will become
increasingly difficult to treat infection in humans and animals. Evidence shows that as more
antimicrobials are used, selection of resistant organisms occurs. This, coupled with the
fact that there is a lack of new antimicrobials being developed, makes this an urgent issue.
There is a need to conserve and make use of existing antimicrobials and developing new
approaches to treating infections. This will require a societal shift in attitudes, beliefs and
behaviours about antimicrobials.
The UK strategy sets out actions at local, national and international levels. In Scotland,
the Controlling Antimicrobial Resistance in Scotland (CARS) programme, aligned to the
UK objectives and reporting to the Chief Medical Officer (CMO), will progress a suite of
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initiatives, in relation to all aspects of human and animal health, to control AMR via seven
key action areas:
1.

Improving infection prevention and control practices in human and animal health

2. Optimising prescribing practice through implementation of antimicrobial
stewardship programmes
3. Improving professional education, training and public engagement
4. Developing new drugs, treatments and diagnostics
5. Better access to and use of surveillance data in human and animal sectors
6. Better identification and prioritisation of AMR research needs
7. AMR intelligence which can be used to inform effective clinical and public health
action.
A key approach to control of AMR is that of ‘one health’ which is defined as ‘the
collaborative effort of multiple disciplines, working locally, nationally, and globally to attain
optimal health for people, animals and the environment’. The ‘UK One Health Report’ [14]
on human and animal antimicrobial use, sales, and resistance, published on 22 July 2015,
brings together the most recently available UK data (2013) on antimicrobial resistance in
three key bacteria that are common to both animals and humans, details of the amount
of antimicrobials sold for animal health and welfare and antimicrobials prescribed to
humans. The report highlighted the joint responsibility of the human and animal sectors in
tackling AMR and the importance of strengthened collaboration between them. The report
also highlighted ten key public health recommendations for national human and animal
organisations to take forward. The next ‘UK One Health Report’ will update on the progress
towards these recommendations.
The Scottish Management of Antimicrobial Resistance Action Plan (ScotMARAP) published
in 2008 [15], made recommendations for improving the use of antimicrobials across all
healthcare settings as part of the broader HAI Task Force Delivery Plan. Since 2008, there
has been significant progress made in a number of areas including a reduction in the use
of high risk antimicrobials for treatment across primary and secondary care and a shift in
emphasis away from the commonplace prescribing of antimicrobials. An updated version of
the Scottish action plan was issued in 2014 [1] to address key areas 2, 3 and 5 (human sector)
of the UK AMR Strategy.

3.5 Infection Intelligence Platform (IIP)
In 2013, the Scottish Government HAI Taskforce funded the development and
implementation of the NHSScotland Infection Intelligence Platform (IIP) over three years from
August 2013 to March 2016. The vision for IIP is Improving patient outcomes and reducing
harm from infection through an innovative, integrated database, to support clinicians within
the NHS in Scotland.
IIP is an ambitious work programme, led within NSS, with the strategic intention of moving
toward a position of enhanced connectivity of national and local datasets to achieve
a comprehensive, dynamic and responsive informatics platform to support improved
outcomes for patients with or at risk from infection. The importance of using data linkage to
improve outcomes for patients is highlighted in the current strategies.
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Engagement and communication with the clinical community across NHSScotland has
been at the centre of work undertaken as part of IIP. The work of the IIP Clinical User Group
and regular communication with the wider clinical community has ensured the work
programme has been aligned with the clinical priorities for antimicrobial stewardship and
infection prevention in Scotland.
In phase one of IIP, ongoing to March 2016, the focus has been on building and testing
the new intelligence platform to support clinicians to improve patient care. This work has
focussed on three areas:
Information governance processes have been refreshed to enable a more flexible and
responsive approach to granting approval to link data thereby enabling rapid data linkage
to promptly answer important clinical questions when they arise.
Increased capability to link and analyse data through technical developments to re-position
key infection datasets within IIP thereby increasing responsiveness to technical aspects of
data linkage. The inclusion of analytical tools within the platform will enable more flexible
and repeated reporting together with capability to retain and share analysis plans.
Generation of new evidence base for improved clinical practice and shaping national
and local prescribing policy using increased capacity and capability to deliver clinical
exemplar data linkage studies that assess the intended and unintended changes in
antimicrobial stewardship and infection management interventions. As these studies come
to completion the IIP User Group will consider how to communicate the key findings to the
clinical community in order to maximise quality improvement at local level and support
improved clinical practice. More information on these clinical studies and on IIP in general is
available at http://www.isdscotland.org/Health-Topics/Health-and-Social-Community-Care/
Infection-Intelligence-Platform/Communications/
The IIP Joint Project Board is considering the development proposal for a second phase
of IIP to ensure sustained momentum in support of the clinical community to continue to
drive improvement in clinical outcomes, minimise harm and reduce waste for patients with
infection.
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Appendix: Methods
Antimicrobial Use
Data Sources-Primary Care
Information on the use of antibacterials in primary care has been obtained from the
Prescribing Information System (PIS) database. This database is maintained by Information
Services Division (ISD), part of NHS National Services Scotland (NSS). The information is
supplied to ISD by Practitioner and Counter Fraud Services strategic business unit of NSS who
is responsible for the processing and pricing of all prescriptions dispensed in Scotland. Data
on antibacterial use in primary care presented in this report are derived from prescriptions
written by GPs, dentists and non-medical prescribers and from prescriptions written in
hospitals dispensed in the community. Unless otherwise stated, primary care antibacterial
use data exclude dental prescriptions.
Prescribing Information System (PIS)

Data Sources-Secondary Care
Information on the use of antibacterials in secondary care has been obtained from
the Hospital Medicines Utilisation Database (HMUD). This database held by ISD collects
information from hospital pharmacy systems across Scotland and presents standardised
information on use of medicines using a web-based system. Data on antibacterial use
in secondary care presented in this report are derived from information on local hospital
pharmacy systems supplied to wards/units.
Hospital Medicines Utilisation Database (HMUD)

Populations
Prescribing rates have been calculated using National Records of Scotland (NRS) mid-year
population estimates. All mid-year estimates are based on the 2011 census.
National Records of Scotland (NRS)
Care Home populations are estimated from the number of distinct individuals that have
received any prescribable drug item while in a care home during the course of a year.

Data Presentation
The classification of data on antibacterial use are based on the Anatomical Therapeutic
Chemical (ATC) classification system. This is the international classification system aimed
at identifying the therapeutic ingredient of all medicines available for human use.
Antibacterials for systemic use fall into the ATC group J01. For further details on the ATC
system, please see the WHO Collaborating Centre for drug statistics methodology website;
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World Health Organisation (WHO)
In this report, data on antibacterial use in primary care are presented using the number of
dispensed items as the main measure. This depicts the number of times an antibacterial
appears on a prescription. In addition, data on primary and secondary care use are
presented using defined daily dose (DDD) to enable international comparisons. The
DDD is the internationally recognised unit of measurement of medicine consumption,
recommended by the WHO, which allows comparison of use of medicines over time and
between different countries (or locations) The DDD is the assumed average maintenance
dose per day for a medicine used in its main indication in adults. In general, the DDDs for
antibacterials are based on their use in infections of moderate severity. However, some
antibacterials are only used in severe infections and their DDDs are assigned accordingly.
For further details on DDD methodology, please see the relevant section of the WHO website
at;
Defined Daily Dose (DDD) - WHO website
The normal convention is to present information on the use of antibacterials as the number
of items per 1000 population in Scotland per day (items/1000/day) and total DDD per 1000
population per day (DDD/1000/day). Where the volume of dispensing is low and numbers
are small, usage is presented as rates per 100 000 population per day. Rates presented per
100 000 will contain more sensitive estimates of figures; calculations based on these may
show changes with greater precision.
All drugs included in this report can be found in section 5.1 of the British National Formulary
(BNF) (excluding sub-sections 5.1.9 + 5.1.10 but includes streptomycin)

Patient Level Analysis
Primary care prescribing information sourced from PIS is linked to patient Community
Health Index (CHI) numbers. Using anonymised data, it is possible to analyse demographic
information on patients prescribed antibacterials such as age and gender. Patients resident
in Scotland have a unique CHI number meaning it is also possible to count numbers of
distinct patients receiving a particular treatment or investigate prescribing patterns for
particular individuals over time.
From 2010 onwards, the majority of prescriptions can be linked to a valid CHI number,
however CHI capture rates can vary by drug, geographical area or prescriber type, with
GPs having better capture rates than other prescriber types. When interpreting trends in
patient counts over time, the underlying CHI capture rate must also be considered. In
this report where anonymised patient level data is used, the relevant CHI capture rates
are also presented. It is difficult to identify with certainty how much impact increasing
CHI completeness has on the number of patients identified, but the evidence available
suggests that the impact is small when considering the scale of change in CHI completeness
presented in this report and this should not generally be significantly affecting trends in
patient counts.

Time Period
Primary care trend data are reported for calendar years 2011 to 2014 with the following
exceptions;
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Overall Use:
Patient Level Analysis:

2005 to 2014
2011 to 2014

Secondary care trend data are reported for calendar years 2011 to 2014.
Data before these time periods may be accessed via older reports which can be found at;
ISD Scotland - Older AMR Reports

Gram Negative and Gram Positive
Susceptibility data (SIR-data)
Antimicrobial susceptibility data were extracted from ECOSS (which is an electronic data link
for microbiology laboratories to HPS). Data were obtained from all diagnostic laboratories
in Scotland and participating reference laboratories (see ‘Data’ section below). The
susceptibility data (originating from VITEK 2 systems and other susceptibility testing methods)
were interpreted locally before they were submitted to ECOSS.
The data from ECOSS were imported into a Microsoft Access® database and numerical
analyses were undertaken on the interpreted susceptibility SIR-data on key organisms
(aligned with EARS-Net) from blood cultures.
Microorganisms that are being monitored and are included in this report are: E. coli,
K. pneumoniae, P. aeruginosa, A. baumannii, H. influenzae, N. meningitidis, MRSA, MSSA, S.
pneumoniae, E. faecalis, E. faecium, C. difficile and CPO’s.

Case definition (adapted from EARS-Net):
A case of bacteraemia is a patient from whom a microorganism has been isolated from the
patient’s blood, and who has not previously had the same microorganism isolated within the
same quarter.
Deduplication was done in Microsoft Access®. Only the first blood isolate (of one specific
microorganism per patient per quarter) is reported as a case of bacteraemia. This is
equivalent to one episode. Where more than one microorganism was present in a sample (a
rare event) deduplication was carried out separately for each microorganism.
Resistance proportions in this report refer to the percentages of isolates reported as resistant
(“R”) to the antimicrobial.
Non-susceptible (%NS) isolates include isolates deemed intermediate ‘I’ and resistant ‘R’ in
contrast to previous reports where only data on resistant (‘R’) isolates were included. Historic
data has been converted to allow for comparison over time (and reports of both %NS and
%R are available for each drug-bug combination).
Proportions of combined third generation cephalosporin and fluoroquinolone resistance,
and combined third generation cephalosporins and aminoglycosides resistance for E.
coli, K. pneumoniae, P. aeruginosa and A. baumannii were also calculated. These were
calculated as the number of isolates resistant to ceftriaxone/ceftazidime and ciprofloxacin,
or to ceftriaxone/ceftazidime and gentamicin, divided by the number of reports containing
susceptibility data on both of the relevant antibacterials.
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Extended spectrum beta-lactamase (ESBL)-producing microorganisms were reported for
E. coli and K. pneumoniae to HPS based on local laboratory tests. The frequency of cases
infected with ESBL producing microorganisms was calculated using the total number of
cases as denominator.
Confidence intervals (95%) for proportions were calculated to indicate robustness of the
proportions presented. Where large or unusual differences in proportions were observed
these were tested using a Normal approximation with p<0.05 considered as a statistically
significant difference.
In addition to key microorganisms (aligned with EARS-Net surveillance) this report includes
susceptibility data on other microorganisms causing bacteraemia including Haemophilus
influenzae, Neisseria meningitidis and Neisseria gonorrhoeae.

Comparison with data from other countries
The Scottish susceptibility data were compared to EARS-net where possible (and relevant) to
give context to the findings.

Data Quality
Susceptibility data in this report were derived from blood samples from cases of
bacteraemia aligned with the methodology of EARS-net and from a cross- section of
positive urine samples obtained every quarter from the diagnostic laboratories in each
NHS board. VITEK 2 systems were used to determine the susceptibilities for the majority of
isolates. Other methods (such as agar dilution and Etest®) may have been used for testing
of some isolates/agents. Selective reporting may also have occurred, where laboratories
have chosen only to test and/or report susceptibility results against certain agents for clinical
reasons.
Selective reporting potentially weakens comparisons of data between different laboratories
and could also underestimate the occurrence of multidrug resistance.
Data on S. aureus and S. pneumoniae provided by the Scottish Meticillin Resistant S. aureus
Reference Laboratory (SMRSARL) and the Scottish Haemophilus, Legionella, Meningococcus
and Pneumococcus Reference Laboratory (SHLMPRL) respectively, are already standardised
as a consistent laboratory method has been applied to all Scottish isolates. Likewise,
standardised susceptibility data on C. difficile was obtained from the Scottish Salmonella,
Shigella and Clostridium difficile Reference Laboratory (SSSCDRL).
EUCAST susceptibility testing methodology was gradually introduced in the diagnostic and
reference laboratories during 2013, which for some antimicrobials may have resulted in small
proportions of isolates changing from being reported as ‘susceptible’ under Clinical and
Laboratory Standards Institute (CLSI) methodology to now being reported as ‘resistant’ under
the new EUCAST methodology. In particular the reporting of susceptibility to co-amoxiclav
may have been affected by this change.
The most recent EUCAST clinical breakpoints (version 4.0 http://www.eucast.org/clinical_
breakpoints/) were applied to data from 2009 to 2013. This resulted in slight changes in
figures for previous years, however, previously reported trends remained.
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E. coli incidence
The incidence rate of E. coli was calculated as follows:
Rate per 100 000 acute occupied bed days =

number of E. coli cases *100 000
OBDs

%NS per 100 000 OCBDs were calculated as to estimate the burden of AMR.

Clostridium difficile Infection (CDI)
Calculated rates of CDI per 100 000 total occupied bed days (for age-groups 15-64 years
and 65 years and above), previously published by HPS are presented in this report. A short
summary of susceptibility to metronidazole and vancomycin and other antibacterials tested
by SSSCDRL are also presented.

Minimum inhibitory concentration (MIC)
Minimum inhibitory concentration (MIC) is defined as the lowest concentration of an
antimicrobial that will inhibit the visible growth of a microorganism after overnight
incubation.
MIC50 and MIC90 values as well as the range of values obtained are important parameters
for reporting results of susceptibility testing when multiple isolates of a given species are
tested. The MIC50 represents the MIC value at which ≥50% of the isolates in a test population
are inhibited; it is equivalent to the median MIC value. The MIC90 represents the MIC value at
which ≥90% of the strains within a test population are inhibited; the 90th percentile.
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