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Executive summary 
This is the fourth annual report published by Health Protection Scotland (HPS)/
Information Services Division (ISD) of NHS National Services Scotland (NSS) that 
combines information on antimicrobial use and resistance in humans in Scotland. The 
information presented here covers up to the end of 2011. 

In 2011, the use of antibacterials in primary care was 3.4% higher than in 2010, 
corresponding to an increase of 162 000 prescription items.  However, there was 
a continued reduction in the use of broad spectrum antibacterials associated with 
Clostridium difficile infection (CDI); cephalosporins 23.8%; combination penicillins (mainly 
co-amoxiclav) 17.7% and fluoroquinolones 10.8%. 

Overall, 32% of the Scottish population had at least one antibacterial item dispensed 
in 2011, while 8.2% had ≥3 items and 2.2% had ≥6 items dispensed. The use of 
antibacterials increased in all age groups from 2010 to 2011 with the greatest increase 
in the age groups 0-4 years, 5-14 years and ≥80 years. The rate of antibacterial use in 
care home residents (in 2010) was 5.5 items/1000 residents/day, which is higher than 
the total use in Scotland in all persons aged ≥80 years (3.7 items/1000/day). 

Antibacterial use in secondary care (hospitals) is now reported for 10 NHS 
boards (covering 81% of the Scottish population). In 2011, the total use of systemic 
antibacterials was 1.7% higher than in 2010. The overall use of broad spectrum 
antibacterials associated with CDI in secondary care was 0.4% higher in 2011 with 
reductions in cephalosporins (11.2%) and fluoroquinolones (6.0%) but increases in co-
amoxiclav (6.7%) and clindamycin (1.7%).   

In 2011, the number of cases of Escherichia coli bacteraemia was 3839. This is 10% higher than 
in 2009 and has resulted in a significant increase in burden of disease caused by this organism. 

The increase in E. coli bacteraemia does not seem to have been driven by resistant 
strains as decreases in resistance to key antimicrobials have been observed in this 
period. This includes an overall decreasing trend in cephalosporin resistance from 
10-14% in 2008 to 8-9% in 2011, and in extended spectrum beta-lactamases (ESBL) 
producers among E. coli (from 7.2% in 2008 to 6.5% in 2011) and Klebsiella pneumoniae 
(from 8.4% in 2008 to 7.0% in 2011).

Frequencies of combined resistance to two or three key antimicrobials (cephalosporins, 
aminoglycosides and fluoroquinolones) have also decreased in E. coli and are the lowest 
since 2008 (2.4% of isolates being resistant to all three groups of agents). 

Resistance to gentamicin remained at 9% in E. coli despite increasing use of this agent. 

The decreasing  trends (and stable in some instances) in resistance to key antimicrobials 
among the Scottish Gram-negative organisms, including E. coli, K. pneumoniae and 
Pseudomonas aeruginosa described in this report, should be seen in the light of Europe-
wide increases in antimicrobial resistance in Gram-negatives and in particular alarming 
increases in combined resistance in E. coli.
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In the Scottish Gram-positive bacteraemia isolates, resistance trends for key 
antimicrobials are stable or decreasing. In 2011, the lowest number of cases of 
Staphylococcus aureus (1452) was reported since 2008 (1846 cases), which was mainly 
caused by reductions in meticillin resistant S. aureus (MRSA) while a concomitant 
reduction has not been seen in numbers of meticillin sensitive S. aureus (MSSA). The 
proportion of MRSA among Staphylococcus aureus bacteraemias reached a historical low 
level of 13% of the Scottish isolates. 

There is no evidence that resistance to mupirocin in MRSA has increased following the 
introduction of the Scottish MRSA Screening Programme. 

An exception for the Scottish Gram-positive isolates is the increasing frequency of 
vancomycin resistance among isolates of Enterococcus faecium which reached 28% in 
2011. This is despite a 61% decrease in the use of oral vancomycin from 2008-2011.

Since 2008, there has been an 18% increase in the use of carbapenems in Scotland 
despite initiatives to restrict the use of this group of agents. Carbapenem resistance 
among Gram-negative organisms is still rare, but has now been reported from nearly all 
parts of Scotland. 

Prescribing guidelines for the empirical treatment of urinary tract infection recommend 
trimethoprim or nitrofurantoin for first line treatment. Since 2008, in primary care, 
there has been a 23% increase in the use of trimethoprim while nitrofurantoin use has 
tripled. 

For the first time surveillance data relating to antimicrobial resistance in urinary 
isolates are presented. Pilot data indicated that 37.6% of E. coli isolates were resistant 
to trimethoprim while 3.9% were resistant to nitrofurantoin. AMR data on urinary 
isolates are collected on urinary samples from patients who did not respond to initial 
empirical therapy. This creates a bias towards collecting the more resistant isolates 
which could inflate the resistance proportions. Further investigations are needed to 
determine if this is the case.
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Recommendations
• Develop interventions to reduce unnecessary antimicrobial use in primary care to 

reduce the selective pressure for antimicrobial resistance. 

• Analyse information on recurrent antimicrobial use in primary care to 
understand which antimicrobials are used and the contribution these make to 
the development of resistance to inform the review of empirical prescribing 
guidelines. 

• Develop interventions for regular review of antimicrobial management in 
hospitals to ensure appropriate de-escalation and discontinuation in order to 
reduce inappropriate use.

• Introduce national surveillance of E. coli bacteraemias in order to monitor the 
increasing burden of disease, understand the evolution of resistance in this 
important organism and inform interventions.

• Collect information on the epidemiology of vancomycin resistant enterococci 
in hospitals and conduct further molecular investigations in order to target 
preventive measures.

• Develop a strategy to preserve the effectiveness of carbapenems for future 
use, to include development of guidance on prescribing and non-prescribing 
(infection prevention and control measures) and strengthened local and national 
surveillance.

• Continue to monitor resistance to critically important ‘alert’ antimicrobials in 
resistance-pathogen combinations of clinical significance and strengthen control 
measures to restrict the use of alert antimicrobials.

• Analyse the association between antimicrobial use and resistance in urine isolates 
in order to review current recommendations on empirical treatment of urinary 
tract infection.

• Continue to monitor CDI in all healthcare settings, and maintain the focus on 
infection prevention/control and prescribing measures to further reduce the risk 
of acquiring CDI.
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1. Introduction
This is the fourth annual report on antimicrobial use and resistance in humans which underpins 
the work of the Scottish Antimicrobial Prescribing Group (SAPG) national antimicrobial 
stewardship programme. The programme, established in 2008, coordinates activities aimed at 
improving the quality of antimicrobial prescribing, surveillance and infection management and links 
with other national programmes on infection prevention and control to contain antimicrobial 
resistance and healthcare associated infections. 

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 micro-organisms. Antimicrobial resistance (AMR) continues to pose a serious 
public health threat globally. According to experts, in the EU antimicrobial resistance causes 25 
000 deaths annually, while the costs incurred to the health systems amount to an estimate of 1.5 
billion Euros [1].

On World Health Day, 2011, countries were called upon by World Health Organization (WHO) 
to take further action to tackle the international crisis due to antimicrobial resistance, following 
the global strategic approach outlined by WHO in 2001, and reiterated in 2011 with a six-
point policy package [2]. This was followed by the ‘European Commission Action Plan Against 
the Rising Threats from Antimicrobial Resistance’ [3], which has provided a framework for 
national antimicrobial strategies and action plans throughout Europe, including the UK. These 
key documents on AMR stressed that surveillance of antimicrobial use and resistance and 
communication of these findings to the relevant stakeholders is one of the most important areas 
for control of antimicrobial resistance. 

This annual report presents detailed information on antimicrobial use and resistance in Scotland 
covering the period to the end of 2011. The information is intended to support National Health 
Service (NHS) boards in their long-term strategic planning, implementation and evaluation of 
interventions and quality improvement activities in relation to antimicrobial prescribing, infection 
management, infection prevention and control. 

As in previous reports the Scottish data on antimicrobial resistance is aligned with the data 
collections under EARS-Net and is focussed on key organisms causing bacteraemia monitored 
across Europe. 

The quality of the data on both antimicrobial use and resistance has been improved and expanded 
since the publication of the first annual report for 2008. This year a number of new areas have 
been added to the routinely reported data. Of particular interest is the new information provided 
on demographic characteristics of individuals receiving antibacterials in primary care, including 
frequency of antibacterial use, age of treated individuals, and use in care homes residents, and 
information on which clinical staff groups are prescribing the agents. This type of information is of 
great importance to target future interventions for antimicrobial use.

In the EARS-Net report for 2011, combined resistance in Escherichia coli and Klebsiella pneumoniae 
bacteraemias to key antibacterials (third generation cephalosporins, fluoroquinolones and 
aminoglycosides) was highlighted as an increasing public health threat across Europe. Here we 
report on the occurrence of this type of (triple) combined resistance among Scottish isolates of E. 
coli and K. pneumoniae in the period 2008-2011.
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In order to further develop the activities within the SAPG antimicrobial stewardship programme, 
a section on clinical priority areas and initial findings has been included in this year’s report. This 
section includes carbapenem use and spread of carbapenem resistant Gram-negative bacilli, use of 
‘alert antibacterials’ of critical clinical importance and development of resistance to those agents, 
antimicrobial treatment of urinary tract infection and development of resistance to commonly 
used agents, and prevention and control of Clostridium difficile infection (CDI).
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2. Methods

Antibacterial use

Data source – primary care
Information on the use of antibacterials in primary care have been obtained from a database 
of all NHS prescriptions dispensed to individuals in the community in Scotland maintained by 
Information Services Division (ISD) of NHS National Services Scotland (NSS). The information is 
supplied to ISD by Practitioner Services Division of NSS who are 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.

Data source – secondary care
Information on the use of antibacterials in secondary care have 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.

For more information on HMUD please see the HMUD website at http://www.isdscotland.org/
Health-Topics/Prescribing-and-Medicines/Hospital-Medicines-Utilisation/

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 at http://www.whocc.no/atcddd/

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 doses (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 for 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 WHO 
Collaborating Centre for drug statistics methodology website at http://www.whocc.no/atcddd/

http://www.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Hospital-Medicines-Utilisation/
http://www.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Hospital-Medicines-Utilisation/
http://www.whocc.no/atcddd/
http://www.whocc.no/atcddd/
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The normal convention is to present information on use of antibacterials herein expressed as 
number of items per 1000 population in Scotland per day (items/1000/day) and total DDD per 
1000 population per day (DDD/1000/day). This allows comparison of usage over time. The 2010 
care home census was used to provide an estimate of the care home population. Unless otherwise 
stated primary care antibacterial use data exclude dental prescriptions.

Time period
All data in this report are presented by calendar year except for data on the primary care 
prescribing indicators which are presented by financial year (April to March).

Gram-negative and Gram-positive organisms

Susceptibility data (SIR-data)
Antimicrobial susceptibility data were extracted from Electronic Communication of Surveillance 
in Scotland (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). The susceptibility data (originating from VITEK 2 systems and other manual 
susceptibility testing methods) were interpreted locally before they were submitted to ECOSS. 
It is assumed that the laboratories used Clinical and Laboratory Standards Institute (CLSI) 
breakpoints for categorising the data into Sensitive (S), Intermediate (I) and Resistant (R) (also 
referred to as the SIR data) in line with the nationally agreed approach to standard susceptibility 
testing.

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 [4]) from blood cultures. 

Case definition (adapted from EARS-Net):
A case of bacteraemia is a patient from whom an organism has been isolated from the patient’s 
blood, and who has not previously had the same organism isolated within the same quarter. 

Deduplication was done in Microsoft Access®. Only the first blood isolate (of one specific 
organism per patient per quarter) is reported as a case of bacteraemia. This is equivalent to one 
episode. Where more than one organism was present in a sample (a rare event) deduplication was 
carried out separately for each organism.

Resistance proportions in this report refer to the percentages of isolates reported as resistant 
(‘R’) to the antibacterial. 

Proportions of combined third generation cephalosporin and fluoroquinolone resistance, and 
combined third generation cephalosporin and aminoglycosides resistance for E. coli, K. pneumoniae, 
Pseudomonas aeruginosa and Acinetobacter 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 organisms were reported for E. coli and K. 
pneumoniae to HPS based on local laboratory tests. The frequency of cases infected with ESBL 
producing organisms 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 organisms (aligned with EARS-Net surveillance) this report includes 
susceptibility data on other organisms causing bacteraemia and/or meningitis, urinary tract 
infection and sexually transmitted diseases.

Data quality
Susceptibility data (except for those on urinary tract infections (UTI), Clostridium difficile, 
Haemophilus influenzae and Neisseria meningitidis) in this report were derived from cases of 
bacteraemia. Susceptibility testing of the Gram-negative organisms and enterococci was not 
standardised across Scotland during this data collection period (2008-2011). In addition to 
the VITEK 2 systems a number of different laboratory methods were used to determine the 
susceptibilities, including disc diffusion, agar dilution and Etest®. Selective reporting may also 
have occurred, where laboratories have chosen only to test and/or report susceptibility results 
against certain agents for clinical reasons (the number of reported isolates for each antibiotic are 
indicated in the tables on susceptibility: Table 10, 11, 12, 13, 14, 16, 17 and 20). 

The use of different methodologies and selective reporting potentially weakens comparison of 
data between different laboratories and could also underestimate the occurrence of multidrug 
resistance. 

All diagnostic laboratories have now implemented the VITEK 2 system and the associated 
software Observa3. Programming within the central database (ECOSS) is currently ongoing to 
consolidate the VITEK-derived data in ECOSS and link those with patient information derived 
from laboratories’ local Laboratory Information Management System (LIMS). 

Data on Staphylococcus aureus and Streptococcus 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).

Clostridium difficile Infection (CDI)
Calculated rates of CDI per 100 000 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. 
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3. Antimicrobial use

Primary Care

Total use of antibacterials
In 2011, the use of systemic antibacterials in primary care (excluding dental) was 2.16 items/1000/
day (Figure 1). This was 3.4% higher than in 2010 corresponding to an increase of 162 000 
prescription items. This follows on from a decreasing trend in the period 2008-2010. When 
antibacterial use was expressed as DDD/1000/day an increase of 5.1% was observed from 20.24 
in 2010 to 21.27 in 2011 (Figure 1). In 2011 increases in total antibacterial use in primary care 
(excluding dental) were observed in all four UK nations but the recent increase was greatest in 
Scotland (Table 1). No other European data for 2011 were available at the time of writing.

A reduction in total use of antibacterials is an important aspect of antimicrobial stewardship. 
Unnecessary use of antibacterials increases selection for antimicrobial resistance in the normal 
microflora and pathogens. Since 2008, the focus of antimicrobial stewardship activities in Scotland, 
coodinated by SAPG, has been to improve the quality of antibacterial use in primary care by 
encouraging compliance with treatment guidelines. The recent increase in total antibacterial use in 
primary care suggests that interventions to reduce unnecessary prescribing are required in order 
to reduce the selective pressure for antimicrobial resistance. The key area for reduction is in use 
of antibacterials is the treatment of self-limiting upper respiratory tract infections, where evidence 
from systematic reviews and randomised controlled trials indicates that antibacterials have limited 
efficacy [5].

Figure 1: NHS Scotland: use of antibacterials in primary care (excluding dental), 
items/1000/day and DDD/1000/day 1995-2011
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Table 1: Use of antibacterials in primary care (excluding dental) in UK countries from 2008-2011, 
items/1000/day, percent change previous year

Use of antibacterials in primary care

2008 2009 2010 2011

Scotland 2.17 2.13 2.09 2.16 (3.4%)

England 1.87 1.85 1.90 1.92 (0.7%)

Northern Ireland 2.92 2.74 2.84 2.90 (2.0%)

Wales 2.25 2.22 2.30 2.32 (0.8%)

England - © 2012, The Health & Social Care Information Centre, Social Care Statistics. All rights reserved
Wales – Welsh Antimicrobial Resistance Programme: Surveillance Unit
Northern Ireland – Health and Social Care Business Services Organisation
Note: Figures presented are rounded to 2 decimal places, where rates of prescribing are low annual percentage 
changes may reflect differences beyond 2 decimal places

Frequency of use of antibacterials
For the first time, initial information on the number of people treated with antibacterials 
is presented, as Community Health Index (CHI) numbers are now captured on most NHS 
prescriptions issued in primary care in Scotland. A total of 32% (1 688 307) of the Scottish 
population had at least one antibacterial item dispensed in 2011; 8.2% had ≥3; and, 2.2% had ≥6 
items dispensed (Table 2). In 2013 the information on frequency of use will be analysed further 
to gain insight into which antibacterials are prescribed on a recurrent basis and the contribution 
these make to the development of resistance. 

Table 2: NHS Scotland: number of individuals prescribed 
antibacterials 2011 (excluding dental) and based on 89% 
prescriptions with CHI number for antibacterials

Number of individuals prescribed  
antibacterials in 2011

Number of items
Number of 
individuals

% of total Scotland 
population

1 905 450 17%

2 376 756 7%

3 170 037 3%

4 87 809 2%

5 49 417 1%

6-12 86 150 2%

>12 12 688 0.2%

All 1 688 307 32%
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Choice of antibacterial
A key priority for SAPG, since its establishment in 2008, has been to drive a reduction in the use 
of broad spectrum antibacterials that increase the risk of developing CDI. In order to support this, 
AMTs have developed local prescribing guidelines for first-line empirical treatment of infections 
commonly encountered in primary care.

In 2011, reductions were observed in the use of cephalosporins (23.8%); penicillin combinations 
(mainly co-amoxiclav) (17.7%) and fluoroquinolones (10.8%) since 2010 (Table 3). This builds on 
reductions observed the two previous years. Since 2008 the initiatives to restrict the use of the 
broad spectrum antibacterials have resulted in 400 000 (47.5%) fewer items dispensed in Scotland. 
There has been a reduction in use of broad spectrum in all four UK nations (excluding dental) 
with the greatest reduction in Scotland (Table 4).

Narrower spectrum antibacterials are recommended by SAPG for empirical treatment of 
infections in primary care. Trimethoprim and nitrofurantoin are recommended for empirical 
treatment of urinary tract infection (UTI). In 2011, increases in the use of sulphonamides/
trimethoprim (5.8%) and nitrofurantoin (32.0%) relative to 2010 were observed. An increasing 
trend in the use of recommended first line agents for UTI has been observed since 2008 (Table 
3). The use of tetracyclines was 12.6% higher in 2011 than in 2010 due to an increased use of 
doxycycline which is recommended for use in a number of respiratory tract infections (Table 3).

Table 3: NHS Scotland: use of antibacterials in primary care (excluding dental), items/1000/day 
(percent annual change), DDD/1000/day (percent annual change) by group 2008-2011

Use of antibacterials in primary care

Items per 1000 per day DDDs per 1000 per day
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J01A Tetracyclines 0.17 0.18 0.20 0.23 12.6% 4.74 5.06 5.35 5.74 7.3%

J01CA
Penicillins with 
extended spectrum

0.63 0.61 0.61 0.65 6.0% 4.64 4.62 4.80 5.15 7.2%

J01CE
Beta-lactamase 
sensitive penicillins

0.15 0.15 0.15 0.14 -3.9% 0.86 0.89 0.89 0.89 0.0%

J01CF
Beta-lactamase 
resistant penicillins

0.21 0.22 0.23 0.24 4.7% 1.17 1.26 1.36 1.47 8.3%

J01CR Penicillin combinations 0.16 0.14 0.10 0.08 -17.7% 1.19 1.05 0.82 0.71 -13.4%

J01DB Cephalosporins 0.17 0.13 0.09 0.07 -23.8% 0.76 0.61 0.43 0.33 -22.7%

J01DC
Sulphonamides and 
Trimethoprim

0.20 0.22 0.23 0.25 5.8% 1.35 1.44 1.52 1.56 3.0%

J01DD Macrolides 0.27 0.27 0.27 0.28 5.3% 3.24 3.33 3.45 3.67 6.5%

J01E Fluoroquinolones 0.11 0.11 0.08 0.08 -10.8% 0.84 0.81 0.69 0.64 -6.6%

J01FA Nitrofurantoin 0.03 0.05 0.07 0.10 32.0% 0.34 0.46 0.64 0.78 23.1%

J01MA Other 0.05 0.05 0.05 0.05 3.9% 0.29 0.29 0.30 0.32 5.5%

All 2.17 2.13 2.09 2.16 3.4% 19.41 19.84 20.24 21.27 5.1%

Note: Figures presented are rounded to 2 decimal places, where rates of prescribing are low annual percentage 
changes may reflect differences beyond 2 decimal places
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Table 4: Use of antibacterials associated with CDI in primary care (excluding dental) in UK 
countries from 2008-2011, items/1000/day, percent change previous year

Use of antibacterials associated with CDI in primary care

Items per 1000 per day

2008 2009 2010 2011

Scotland 0.45 0.38 0.28 0.23 (-17.3%)

England 0.32 0.29 0.27 0.25 (-8.4%)

Northern Ireland 0.45 0.39 0.38 0.36 (-3.9%)

Wales 0.40 0.39 0.39 0.35 (-11.2%)

England - © 2012, The Health & Social Care Information Centre, Social Care Statistics. All rights reserved.
Wales – Welsh Antimicrobial Resistance Programme: Surveillance Unit
Northern Ireland – Health and Social Care Business Services Organisation
Note: Figures presented are rounded to 2 decimal places, where rates of prescribing are low annual percentage 
changes may reflect differences beyond 2 decimal places

Primary care prescribing indicators
In 2009, SAPG developed a set of national prescribing indicators on primary care antibacterial 
use to support quality improvement in prescribing. A report containing information on progress 
against SAPG’s key priority areas of quality improvement is available at: http://www.isdscotland.
org/Health-Topics/Prescribing-and-Medicines/National-Medicines-Utilisation-Unit/Antimicrobial-
Prescribing-and-Resistance.asp

In 2011, there was a 16% reduction in the use of broad spectrum antibacterials associated with a 
higher risk of CDI than in 2010. This was the third successive annual reduction (Table 5). The use 
of (SAPG) recommended items increased by 4.4% in 2011, following on from increases observed in 
the previous years (Table 5). 

Table 5: NHS Scotland: key national prescribing indicators, use of antibacterials (excluding dental) 
items/1000/day (percent annual change), DDD/1000/day (percent annual change) 2008/09-2011/12

Prescribing Indicator

Key national prescribing indicators

Items/1000/day DDDs/1000/day
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Antibacterials associated with a 
higher risk of CDI (co-amoxiclav, 
fluoroquinolones, cephalosporins and 
clindamycin) 

0.41 
( - )

0.33 
(-19.5%)

0.25 
(-24.2%)

0.21 
(-16.0%)

2.57 
( - )

2.2 
(-14.4%)

1.75 
(-20.5%)

1.57 
(-10.3%)

SAPG recommended antibacterials 
(amoxicillin, doxycycline, 
clarithromycin, erythromycin, 
flucloxacillin, phenoxymethylpenicillin, 
nitrofurantoin and trimethoprim)

1.45 
( - )

1.49 
(2.8%)

1.58 
-6.0%

1.65 
(4.4%)

11.9 
( - )

12.4 
(4.9%)

13.4 
-8.0%

14.15 
(5.4%)
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The continued reduction in the use of broad spectrum antibacterials and the increased use 
of recommended treatments reflect the successful implementation of initiatives to encourage 
compliance with prescribing guidelines implemented locally by AMTs through collaboration with 
primary care clinicians across Scotland. Work should continue to consolidate these improvements. 
Moreover, targeted local initiatives to further improve quality focussed on reducing variation 
between general practices should be considered. 

In the winter, more respiratory tract infections are seen but many are caused by viruses, are self-
limiting and do not require treatment with an antibacterial. Excess use of fluoroquinolones in the 
winter may suggest inappropriate use for respiratory infections. In 2009, a quality measure (in the 
form of a prescribing indicator) of seasonal variation in the use of fluoroquinolones in primary 
care was introduced in support of national targets to reduce CDI. A target was set which requires 
no more than 5% variation in the use of fluoroquinolones (expressed as DDD/1000/day) between 
the two winter quarters (October to March) and the preceding two summer quarters (April to 
September).

Fluoroquinolones are only recommended by SAPG for a limited number of specific infections, 
including acute prostatitis and acute pyelonephritis. Following the introduction of the target there 
has been a reduction in the use of fluoroquinolones (Table 3). In 2011/12, 55% of GP practices in 
Scotland met the target for seasonal variation in use of fluoroquinolones (Figure 2). This indicates 
there is scope for further improvement through interventions focussed at those practices with 
seasonal variation above the target.

Figure 2: NHS Scotland: use of fluoroquinolones in primary care (excluding 
dental), DDD/1000/day and percent of practices achieving target of <5% seasonal 
variation
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Antibacterial use by age group
In 2011, the use of antibacterials in primary care increased in all age groups (Table 6). The increase 
was greatest in the age groups 0-4 years (4.1%), 5-14 years (5.7%) and ≥80 years (5.2%). The 
increase in children aged 0-4 years was mostly due to increases in penicillins with extended 
spectrum (amoxicillin), beta-lactamase sensitive penicillins, macrolides and trimethoprim. In the 
older children there were also increases in penicillins with extended spectrum (amoxicillin), 
macrolides, trimethoprim and nitrofurantoin. 

In adults the rate of antibacterial use increased with age. The use of antibacterials in people aged 
≥80 years was over twice as high as in adults aged 45-59 years (Table 6). The increase in use 
in people ≥80 years was due to increased use of tetracyclines (27.7%), nitrofurantoin (26.8%), 
macrolides (10.1%) and penicillins with extended spectrum (8.5%). 

The use of narrow spectrum beta-lactamase sensitive penicillins (penicillin V) was lower in all 
age groups other than 0-4 years. In 2011, there were reductions in broad spectrum antibacterials 
in all age groups. In people aged ≥80 years, who are more at risk of CDI, the reduction in use 
of combination penicillins (co-amoxiclav) and fluoroquinolones was similar to the reduction in 
younger ages. However, the reduction in use of cephalosporins was lower in people aged ≥80 
years compared to younger adults. This may indicate there is scope for further reduction in use of 
cephalosporins in older people.

Although no information is available on the indication, it is likely the antibacterials showing 
increased use are being used for empirical treatment of respiratory and urinary tract infections in 
both younger and older people. These data emphasise the need to focus on improving the quality 
of antibacterial prescribing in these patient groups.
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Table 6: NHS Scotland: use of antibacterials in primary care (excluding dental) by age group in 
2011, items/1000/day, percent change from previous year (based on 89% prescriptions with CHI 
number)

Use of antibacterials in primary care by age group in 2011

0-4 5-14 15-29 30-44

J01A Tetracyclines 0.00 -1.4% 0.03 5.0% 0.26 4.9% 0.21 10.6%

J01CA
Penicillins with extended 
spectrum

1.15 6.4% 0.45 14.5% 0.31 3.4% 0.44 5.4%

J01CE
Beta-lactamase sensitive 
penicillins

0.15 3.8% 0.19 -4.5% 0.18 -3.8% 0.12 -6.0%

J01CF
Beta-lactamase resistant 
penicillins

0.14 0.5% 0.15 -0.8% 0.18 6.6% 0.20 4.3%

J01CR Penicillin combinations 0.06 -11.6% 0.04 -9.2% 0.05 -16.7% 0.07 -17.2%

J01D Cephalosporins 0.03 -29.7% 0.02 -20.2% 0.03 -27.8% 0.04 -25.6%

J01E
Sulphonamides and 
Trimethoprim

0.10 5.2% 0.08 7.8% 0.15 7.7% 0.15 6.4%

J01F Macrolides 0.22 7.7% 0.14 11.7% 0.21 2.0% 0.22 4.3%

J01MA Fluoroquinolones 0.00 -11.0% 0.00 -6.5% 0.03 -5.8% 0.05 -10.8%

J01XE Nitrofurantoin 0.01 0.8% 0.01 12.1% 0.04 46.2% 0.05 38.4%

J01X Other 0.01 -6.3% 0.01 -5.0% 0.06 5.0% 0.06 2.3%

J01 All use 1.88 4.1% 1.12 5.7% 1.50 2.4% 1.59 2.8%

45-59 60-79 80+ All

J01A Tetracyclines 0.25 11.9% 0.28 18.5% 0.23 27.7% 0.21 12.1%

J01CA
Penicillins with extended 
spectrum

0.55 3.4% 0.80 5.5% 0.87 8.5% 0.57 6.1%

J01CE
Beta-lactamase sensitive 
penicillins

0.08 -2.4% 0.08 -4.1% 0.09 -2.5% 0.12 -3.8%

J01CF
Beta-lactamase resistant 
penicillins

0.20 7.0% 0.25 3.1% 0.41 5.0% 0.20 4.6%

J01CR Penicillin combinations 0.07 -19.3% 0.11 -19.6% 0.15 -16.6% 0.07 -17.4%

J01D Cephalosporins 0.05 -27.4% 0.11 -22.7% 0.27 -17.2% 0.06 -23.2%

J01E
Sulphonamides and 
Trimethoprim

0.19 5.5% 0.35 2.6% 0.84 5.6% 0.22 5.5%

J01F Macrolides 0.27 6.1% 0.36 8.1% 0.36 10.1% 0.25 6.4%

J01MA Fluoroquinolones 0.07 -10.0% 0.13 -12.6% 0.18 -12.2% 0.06 -10.7%

J01XE Nitrofurantoin 0.07 32.9% 0.17 26.2% 0.45 26.8% 0.09 31.0%

J01X Other 0.05 -2.7% 0.05 -7.5% 0.06 -8.9% 0.05 -1.0%

J01 All use 1.85 3.1% 2.70 3.1% 3.91 5.2% 1.91 3.5%
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Care home residents
Care homes offer people residential or long term care within a home-like, comfortable and 
supportive environment. Older people, who account for 90% of care home residents, are a 
vulnerable group who may be more susceptible to infection as a result of increasing age and co-
morbidities. Another risk factor for infection in care home residents is associated with living in close 
proximity with other older people and the resulting increased risk of transmission of infection. Some 
studies have shown that care homes play an important role in the epidemiology of antimicrobial 
resistance and may become a reservoir for resistant strains of bacteria [6]. When an individual 
becomes a care home resident, their CHI number is linked with a marker of care home residence. 
This has enabled initial analysis of antibacterial use in care home residents for available data in 2010. 

In 2010, a total of 77 000 antibacterial items were dispensed for care home residents in Scotland, 
equating to 2% of total antibacterial use in primary care. The estimated rate of antibacterial use in 
care homes was 5.5 items/1000 residents/day in 2010. This is higher than reported use in 2010 for 
all individuals aged ≥ 80 years (3.71 items/1000/day), and confirms that care home residents are a 
population exposed to a relatively high volume of antibacterial use.

In 2010, 23 673 care home residents received at least one prescription for an antibacterial 
(Table 7). Of care home residents who received antibacterials 40% had ≥3, and 15% had ≥6 
items in 2010. This illustrates that many care home residents were receiving multiple courses of 
antibacterials some of which may be of prophylactic use.

In 2010, the 10 most commonly used agents accounted for 93% of total antibacterial use in care 
home residents (Figure 3). Trimethoprim and nitrofurantoin accounted for almost half of all use 
in care homes in 2010. Although no information is available on the indication it is likely that these 
antibacterials were being used for treatment or prophylaxis for UTI.

Further development of national and local initiatives to review and improve prescribing treatment 
and prophylaxis of UTI is needed. In 2012, SAPG has initiated the improvement of the treatment 
and prophylaxis of UTI in older people by the development of an algorithm (decision aid) intended 
to assist nursing and medical staff in diagnosis and treatment of UTI in both catheterised and non-
catheterised elderly patients. The algorithm will be piloted and rolled out across Scotland in 2013.

Table 7: NHS Scotland: number of care home residents 
prescribed antibacterials 2010 (excluding dental)

Number of care home residents 
prescribed antibacterials 2010

Number of 
antimicrobial 
items per year

Number of care 
home residents

% total residents 
on antibacterials

1 9329 39%

2 5039 21%

3 2812 12%

4 1810 8%

5 1136 5%

6-12 2582 11%

>12 965 4%

Total 23673 100%
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Figure 3: NHS Scotland: use of antibacterials in care homes (excluding dental) – 
top 10 by number of items in 2010
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Antibacterial use in dentistry
Use of antibacterials by dentists accounted for 8.7% of the total use in primary care. In 2011, there 
were 395 000 antibacterial items written by dentists dispensed in Scotland. This was 7.6% higher 
than in 2010. The increase in use by dentists was greater than the overall increase in primary care. 

The Scottish Dental Clinical Effectiveness Programme’s (SDCEP) Drug Prescribing in Dentistry 
publication launched in 2008 provides guidance to support dentists when making decisions about 
prescription of antibacterials. In 2013, SDCEP plan to undertake a randomised controlled trial of 
the effectiveness of audit and feedback on reducing antibacterial use in General Dental Practice, 
which may inform future implementation strategies to drive quality improvement and reduce 
unnecessary use. 

Non-medical prescribing
In 2006, legislation was introduced to enable a range of appropriately qualified non-medical 
healthcare professions to undertake independent prescribing. Nurse independent prescribers 
issued 98.6% of the 147 444 items prescribed by non-medical prescribers dispensed in primary 
care in 2011. The remainder were issued by pharmacist prescribers. Antibacterial use by nurse 
independent prescribers has shown an increasing trend since 2006. 

In 2011, the total use associated with nurse independent prescribers was 15.3% higher than in 
2010, and accounted for 3.5% of total primary care of antibacterials (Figure 4). The increase in 
antibacterials use issued by nurse independent prescribers was greater than the overall increase 
in primary care. These data confirm the increasing role of non-medical prescribers in antibacterial 
use and highlights the importance of including nurse prescribers in future initiatives to improve the 
quality of antibacterial use in primary care. 
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Figure 4: NHS Scotland: use of antibacterials by nurse independent prescribers, 
items/1000/day as percent of total items/1000/day 2006-2011
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Secondary care (hospitals)
The data on antibacterial use in secondary care are based on hospital pharmacy data provided 
by ten NHS boards in the period 2008-2011. These NHS boards cover 81% of the Scottish 
population.

Total use of antibacterials
In 2011, the total use of systemic antibacterials in secondary care was 3.55 DDD/1000/day 
(Table 8). This was 1.7% higher than in 2010. As the data on antibacterial use in secondary care 
is incomplete it remains to be seen whether this increase is the start of a trend. The increase 
may be partially explained by changes in antibacterials recommended in NHS board prescribing 
guidelines. In line with recommendations from SAPG there have been initiatives to reduce the 
use of broad spectrum antibacterials associated with a higher risk of CDI and replace them with 
narrower spectrum agents. By example in surgical prophylaxis and treatment of a number of 
commonly encountered infections the new recommendations advise treatment with combination 
therapy consisting of two or more narrow spectrum antibacterials. Increasing use of combination 
therapy will contribute to the overall increase in use.

Further development of interventions aimed at regular review of treatment followed by 
discontinuation or de-escalation of treatment when clinically appropriate would assist in 
minimising further development of antimicrobial resistance.
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Table 8: NHS Scotland: use of antibacterials in secondary care, DDD/1000/day (percent annual 
change) 2008-2011 in 10 NHS boards covering 81% of the population

Use of antibacterials in secondary care

2008 2009 2010 2011

J01A Tetracyclines 0.15 0.16 4.6% 0.21 30.5% 0.20 -1.4%

J01CA
Penicillins with extended 
spectrum

0.53 0.66 24.6% 0.71 8.8% 0.73 2.4%

J01CE
Beta-lactamase sensitive 
penicillins

0.17 0.16 -4.6% 0.15 -8.4% 0.14 -9.3%

J01CF
Beta-lactamase resistant 
penicillins

0.35 0.38 7.3% 0.41 8.6% 0.42 2.9%

J01CR Penicillin combinations 0.61 0.51 -16.1% 0.47 -7.3% 0.50 6.7%

J01CR02 Co-amoxiclav 0.57 0.47 -18.6% 0.42 -9.7% 0.45 6.7%

J01CR05 Piperacillin-
tazobactam

0.03 0.04 25.4% 0.05 17.6% 0.05 6.9%

J01D Cephalosporins 0.18 0.12 -35.0% 0.09 -27.0% 0.08 -11.2%

J01DH Carbapenems 0.04 0.04 5.6% 0.04 1.2% 0.04 10.1%

J01E
Sulphonamides and 
trimethoprim

0.21 0.23 10.5% 0.25 9.4% 0.27 6.1%

J01FA Macrolides 0.47 0.46 -3.5% 0.44 -4.1% 0.45 2.4%

J01FF Clindamycin 0.04 0.04 -5.6% 0.04 -6.9% 0.04 1.7%

J01G Aminoglycosides 0.07 0.10 34.5% 0.12 20.6% 0.13 8.1%

J01MA Fluoroquinolones 0.32 0.28 -13.8% 0.26 -5.5% 0.25 -6.0%

J01XA Glycopeptide antibacterials 0.05 0.05 3.3% 0.05 -0.2% 0.05 -2.0%

J01XD Imidazole derivatives 0.22 0.17 -22.1% 0.16 -4.8% 0.15 -3.8%

J01XE Nitrofurantoin 0.03 0.04 25.5% 0.05 29.6% 0.05 17.0%

Other Other 0.04 0.03 -15.8% 0.03 4.1% 0.03 1.6%

Total 3.49 3.42 -1.9% 3.49 1.9% 3.55 1.7%

Note: Figures presented are rounded to 2 decimal places, where rates of prescribing are low annual percentage 
changes may reflect differences beyond 2 decimal places
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Choice of antibacterial
Penicillins with extended spectrum (mainly amoxicillin), accounting for 21% of the total use 
was the most common group of antibacterials used in secondary care in 2011 (Figure 5). Taken 
together all classes of penicillins accounted for 52% of use in secondary care. 

Figure 5: NHS Scotland: use of antibacterials in secondary care, DDD/1000/
day as percent of total DDD/1000/day in 2011 in 10 NHS boards covering 81% 
population
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The use of aminoglycosides (mainly gentamicin) increased by 8.1% in 2011 (Table 8). Since 2008, 
the use of gentamicin has increased by 85%. In the Scottish National Point Prevalence Survey 
of HAI and Antimicrobial Prescribing 2011 [7], gentamicin was the most commonly prescribed 
antibacterial for surgical prophylaxis (26.6% of total antibacterial use for surgical prophylaxis) and 
seventh most commonly used (6.7% of total antibacterial use) for treatment of infection. 

Initiatives led by SAPG and AMTs aimed at reducing the use of broad spectrum antibacterials 
have resulted in gentamicin being increasingly recommended in NHS board prescribing guidelines 
for surgical prophylaxis and treatment of infection. In 2010, there was a significant increase in 
resistance to gentamicin in E. coli (bacteraemias) which has remained high in 2011 and above that 
of the rest of the UK. The monitoring of the use of and resistance to gentamicin will be continued 
and changes will be highlighted to SAPG.
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In 2011, there was a 2% reduction in total use of glycopeptides (mostly vancomycin) in secondary 
care (Table 8). Refer to the section on use of antibacterials and emergence of resistance in Gram-
positives for a more detailed analysis. 

In 2010, the Scottish Government HAI Task Force in collaboration with SAPG commissioned 
the gentamicin and vancomycin quality improvement programme (GaV QIP). This work has been 
delivered as a joint project between the University of Strathclyde and the SAPG information 
work stream. The purpose of this work was to support the effective, consistent and safe use of 
gentamicin and vancomycin across NHS Scotland. The programme has generated a number of 
outputs: updated SAPG guidance on gentamicin and vancomycin use; improved on-line calculators 
to support safe and effective dosing; standardised prescription documentation; and educational 
resources for clinical staff. A full report on GaV QIP is available at the SAPG website on http://
www.scottishmedicines.org.uk/SAPG 

Piperacillin is only available in combination with the beta-lactamase inhibitor tazobactam. This 
combination has a broad spectrum of activity against a range of Gram-positive, Gram-negative and 
anaerobic bacteria and may be used for a variety of infections such as: sepsis, hospital acquired 
pneumonia and complicated infections involving the urinary tract, skin and soft tissues, or intra-
abdomen. Piperacillin accounted for 2% of total antibacterial use in secondary care in 2011. Since 
2008 there has been a steady increase, and in 2011 the use of piperacillin/tazobactam was 58% 
higher than in 2008 (Table 8).

In the PPS, piperacillin/tazobactam was the sixth most commonly prescribed antibacterial (6.8% 
total) for treatment of infection. The frequency of piperacillin/tazobactam prescribing in key 
infections was: respiratory 6.8%, gastrointestinal 13.7%, and urinary tract infection 3.3% of 
total antibacterial use in these infections. The increased use of piperacillin/tazobactam reported 
here may be partially explained by recent initiatives to reduce the use of other broad spectrum 
antibacterials. 

It is important to preserve the effectiveness of piperacillin/tazobactam for treatment of serious 
infection in critically ill patients. Further development of national guidance and a risk management 
strategy for preservation of the effectiveness of piperacillin/tazobactam is key to future 
management of infections in severely ill patients in hospitals.

In 2011, there were increases in use of nitrofurantoin (17.0%) and sulphonamides and trimethoprim 
(6.1%) (Table 8). These are recommended for use by SAPG for empirical treatment of UTI. A 
more detailed analysis is presented in the section on UTI. 

http://www.scottishmedicines.org.uk/SAPG
http://www.scottishmedicines.org.uk/SAPG


Report on Antimicrobial Use and Resistance in Humans in 2011 19

Broad spectrum antibacterials
All NHS board AMTs have reviewed their local hospital antibacterial prescribing guidelines to 
ensure the use of broad spectrum agents for treatment of infection and in surgical prophylaxis 
is restricted. Following successive reductions in 2009 and 2010, the use of broad spectrum 
antibacterials associated with CDI was 0.4% higher in 2011 at 0.82 DDD/1000/day. While there 
were reductions in use of cephalosporins (11.2%) and fluoroquinolones (6.0%), increases in co-
amoxiclav (6.7%) and clindamycin (1.7%) accounted for the overall increase (Figure 6). 

Although there have been continued reductions in the incidence of CDI in the two age groups (15-
64 and ≥65 years) in 2011 more than 2000 cases of CDI were reported, this highlights that CDI 
remains an issue of clinical concern and patient safety. Although substantial reductions have been 
observed in the use of broad spectrum antimicrobials in Scottish hospitals since 2008, restricting 
the use of these agents as part of the broader approach to reducing CDI remains a priority. In 
light of the increase in use, a review of measures to control use of co-amoxiclav to minimise the 
impact on CDI and preserve its effectiveness should be considered.

Figure 6: NHS Scotland: use of broad spectrum antibacterials in secondary care 
(DDD/1000/day) 2008-2011 in 10 NHS boards covering 81% of the population
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Alert antibacterials
In 2010, a framework for surveillance of antimicrobial use and resistance was issued by SAPG 
in the form of guidance for AMTs. This described the requirement for surveillance of particular 
agents which are regarded as ‘alert antibacterials’. These are antibacterials where there are 
control measures, such as pre or post prescription authorisation, which aim to restrict their use 
for specific infections when other treatment is unsuitable. 

Carbapenems are the most commonly used of the alert antibacterials. In 2011, the use of 
carbapenems was 10.1% higher than in 2010 (Figure 7). Since 2008, there has been an 18% 
increase in the use of carbapenems. A more detailed analysis is presented in the section on use of 
carbapenems and the threat from carbapenemase producing organisms.

In 2011, the use of linezolid was 10.1% lower than in 2010 and builds upon reductions observed in 
each of the two previous years (Figure 7). For a more detailed analysis of linezolid and tigecycline 
use and resistance, refer to the section on use of antibacterials and emergence of resistance in 
Gram-positives. Since 2008, use of daptomycin has increased by 65%, with an increase of 46.0% 
in 2011. Although the use of linezolid and daptomycin remains low, the development of measures 
to preserve their effectiveness for treatment of infections caused by resistant Gram-positive 
organisms are required.

Figure 7: NHS Scotland: use of alert antibacterials DDD/1000/day 2008-2011 in 
10 NHS boards (covering 81% of the population)
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4. Antimicrobial resistance

Gram-negative bacteraemia
E. coli and K. pneumoniae continue to be the most frequent cause of Gram-negative bacteraemia 
in Scotland (Table 9). From 2008 to 2009, there was a large increase in reporting of bacteraemias 
as a result of electronic reporting becoming established in all laboratories in Scotland. Electronic 
reporting has been complete in all Scottish laboratories from 2009.

Year on year increases in the number of E. coli bacteraemias have been observed since 2009, 
resulting in a total increase of 10% from 2009 (3486) to 2011 (3839). In the same 3-year 
period, reports of bacteraemia caused by other Gram-negatives only increased moderately (K. 
pneumoniae) or decreased (P. aeruginosa and A. baumannii), suggesting that the increase in E. coli 
bacteraemia is not an artefact of increased sampling and testing due to increased awareness. 

The PPS carried out in 2011 indicated that Enterobacteriaceae was the most commonly 
identified organism group, accounting for a third of all HAI. Five years ago in the previous PPS, 
Enterobacteriaceae accounted for only 13% of HAIs. In particular, the proportion of HAIs with a 
microbiology report listing E. coli increased from 3.1% in 2005/6 to 12.1% in 2012. 

Increasing trends of E. coli bacteraemias without concomitant increases in other Gram-negative 
bacteraemias have also been reported in England, Wales and Northern Ireland between 2004 
and 2011. Recommendations on the introduction of national surveillance of E. coli bacteraemia to 
monitor the burden of disease (and trends) were produced by HPS in 2012. 

Table 9: Gram-negative bacteraemias in 2008-2011; number of cases according to EARS-Net 
definition and percentage of ESBL-producers

Number of cases of bacteraemia reported (%ESBL)

E. coli K. pneumoniae P. aeruginosa A. baumannii

2008 (3260) 2499 (7.2%) 512 (8.4%) 196 (0%) 53 (0%)

2009 (4491) 3486 (7.5%) 672 (8.8%) 269 (0.4%) 64 (0%)

2010 (4648) 3602 (7.6%) 715 (8.3%) 295 (0.3%) 36 (0%)

2011 (4812) 3839 (6.5%) 697 (7.0%) 242 (0%) 34 (0%)
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ESBL–producers in Gram-negative bacteraemias
The proportion of ESBL-producers decreased in 2011 among both E. coli (6.5%) and K. pneumoniae 
(7.0%) isolates causing bacteraemias (Table 9). Among E. coli isolates resistant to third generation 
cephalosporins, 55% were reported as being ESBL-producers.

Among 17 European countries that reported to EARS-Net in 2011, the proportion of ESBL-
producers among isolates resistant to third generation cephalosporins ranged from 71% 
(Denmark) to 100% (Lithuania). Ireland reported a proportion of 82% while the UK did not 
report ESBL-production consistently. The relatively low reported frequencies of ESBL-producers 
among the Scottish isolates resistant to third generation cephalosporins raises the possibility that 
there may be under-reporting of ESBLs in Scotland. This will be further investigated.

Escherichia coli
E. coli continues to be the most frequently reported cause of bacteraemia with 3839 cases 
reported in 2011, corresponding to 79.8% of all Gram-negative bacteraemias reported. Resistance 
to a wide range of important antibacterial classes occurred frequently among the E. coli 
bacteraemia isolates (see Table 10 and Figure 8 for an overview of results). 

Table 10: Percentage resistance (and number of isolates tested) in E. coli in 2008-2011

% Resistance in E. coli (number of isolates tested)

2008 2009 2010 2011

ampicillin 61.0 (464) 61.2 (975) 60.7 (858) 64.4 (887)

amoxicillin 60.6 (1841) 62.8 (2725) 63.7 (2802) 64.3 (3147)

cefoxitin 3.2 (813) 5.7 (1977) 3.0 (2200) 3.1 (2605)

aztreonam 11.5 (730) 8.3 (2014) 8.8 (2443) 9.5 (3054)

co-amoxiclav 26.8 (1935) 25.4 (3053) 23.4 (3079) 24.4 (3452)

cefuroxime 18.4 (1128) 16.3 (2317) 15.3 (2479) 13.1 (3090)

ceftriaxone 12.1 (1658) 9.6 (2086) 10.5 (1888) 8.3 (2082)

cefotaxime 14.3 (753) 10.7 (1554) 8.3 (1708) 9.0 (1869)

ceftazidime 10.3 (1489) 8.1 (2685) 7.5 (2825) 8.6 (3226)

gentamicin 7.3 (2305) 8.2 (3312) 9.2 (3407) 9.1 (3611)

ciprofloxacin 20.0 (2191) 20.4 (3046) 22.0 (2987) 21.4 (3366)

meropenem 0 (1459) 0 (2523) 0 (2845) 0.1 (3319)

piperacillin-tazobactam* 3.0 (1687) 2.9 (2169) 7.5 (2159) 7.6 (2668)

trimethoprim 35.6 (891) 34.9 (2338) 37.6 (2856) 39.6 (3204)

ceftriaxone/ciprofloxacin 10.5 (1550) 7.4 (1980) 8.9 (1766) 6.5 (1992)

ceftriaxone/gentamicin 5.0 (1649) 3.0 (2083) 4.7 (1886) 2.8 (2081)

ceftriaxone/ciprofloxacin/gentamicin 4.7 (1542) 2.7 (1977) 4.1 (1765) 2.4 (1992)

*Note: there are on-going technical issues with susceptibility testing for piperacillin-tazobactam in Vitek
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Figure 8: Antibacterial resistance (with 95% confidence intervals) in E .coli 
isolated from blood cultures in 2008 (n=2499), 2009 (n=3486), 2010 (n=3602) 
and 2011 (3839)
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Note: Not all isolates were tested against all agents.

Resistance to broad spectrum penicillins remained high in the Scottish E. coli isolates in 2011; 
resistance was 64.3% for amoxicillin and 24.4% for co-amoxiclav, although resistance to co-
amoxiclav has shown a decreasing trend over the past four years.

Resistance to cephalosporins has shown a decreasing trend from 2008 to 2011. Resistance to 
second generation cephalosporins (cefuroxime) has continuously decreased since 2008, while 
resistance to third generation cephalosporins (ceftriaxone, cefotaxime and ceftazidime) is showing 
an overall decreasing trend with some variation between the different drugs being monitored. 
Resistance to ceftriaxone decreased continuously and reached the lowest level since surveillance 
began of 8.3%, while resistance to cefotaxime (9.0%) was also lower than the levels in 2008-2009 
but slightly above that of 2010. The decreases in resistance to ceftriaxone and cefotaxime from 
2008-2011 were both statistically significant (p<0.001).

Resistance to ceftazidime (8.6%) was also below the level of 2008 but above that of 2009-2010. 

For the first time meropenem resistance was detected in two isolates (0.1%) of E. coli causing 
bacteraemia. 

Resistance to gentamicin remains high (9.1%) among the Scottish E. coli isolates and is statistically 
significantly higher than when surveillance began in 2008.

Resistance to ciprofloxacin has remained high (above 20%) among E. coli in the entire surveillance 
period from 2008 to 2011.

Moreover, resistance to trimethoprim has continuously increased since 2008 reaching a 
proportion of 39.6% in 2011. The increase since 2008 was statistically significant (p<0.05).



24 Report on Antimicrobial Use and Resistance in Humans in 2011

Combined resistance among E. coli to third generation cephalosporins and fluoroquinolones 
(6.5% for ceftriaxone + ciprofloxacin) or to aminoglycosides (2.8% for ceftriaxone + gentamicin) 
occurred at the lowest frequencies since 2008. The proportion of E. coli isolates with combined 
resistance to third generation cephalosporins, fluoroquinolones and aminoglycosides has 
decreased significantly from 4.7% in 2008 to 2.4% in 2011 (p<0.001). 

As concerns have been raised about increasing gentamicin resistance following an increase in the 
use of this agent due to changes in national guidance, it is reassuring to see that the proportions of 
combined resistance have decreased, as infection caused by isolates with combined resistance may 
be particularly difficult to treat, and could potentially spread rapidly in the presence of a selective 
pressure from any of these of antimicrobial agents.

International comparisons 
Among the Scottish E. coli bacteraemia isolates 6.5% were ESBL-producers. In comparison 3.3% 
of isolates in Norway and 4.0% in Sweden were ESBL-producers in 2011. Resistance to third 
generation cephalosporins among the Scottish isolates was in the range of 8-9%, which is just 
below that reported for the UK (9.6%) and similar to the European average (9.1%), but above rates 
reported for Sweden (3.0%) and Norway (3.6%).

Resistance to aminoglycosides (gentamicin) among the Scottish isolates remained at a level of 
9.1%, which is within the range of that of most European countries (5-10%) except for Sweden 
and Norway which reported proportions between 1-5%. The overall proportion reported for the 
UK to EARS-Net was 8.2%. Countries in the South and East of Europe reported proportions of 
aminoglycoside resistance of 10-25% with increasing trends.

Resistance to fluoroquinolones (ciprofloxacin) among the Scottish isolates (21.4%) was also within 
the range of that of most European countries (10-25%), but above the overall figure for the UK of 
17.9%. Resistance to fluoroquinolones in E. coli is a Europe-wide problem that no country has been 
able to contain.

Unlike the situation in many countries in Europe, combined resistance to third-generation 
cephalosporins, fluoroquinolones and aminoglycosides has decreased among the Scottish E. coli 
isolates from 4.7% to 2.4% from 2008 to 2011. High rates (25-50%) of combined resistance (to 
these three agents) in E. coli were reported in several countries in Eastern Europe, while Italy 
reported a rate of 32.9% and Greece 64.1%.

Klebsiella pneumoniae
K. pneumoniae is the second most common cause of Gram-negative bacteraemia in Scotland. In 
contrast to E. coli the number of bacteraemias caused by K. pneumoniae decreased from 715 in 
2010 to 697 in 2011 cases (Table 9).

Resistance to second generation cephalosporins (cefuroxime) has decreased continuously from 
22.3% in 2008 to 14.7% in 2011 of the isolates (Table 11 and Figure 9). 
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Table 11: Percentage resistance (and number of isolates tested) in K. pneumoniae in 2008-2011

% Resistance – K. pneumoniae (number of isolates)

2008 2009 2010 2011

cefoxitin 5.5 (163) 4.5 (380) 5.5 (437) 5.7 (475)

aztreonam 16.6 (157) 10.6 (387) 11.0 (489) 9.3 (540)

co-amoxiclav 13.7 (437) 10.1 (603) 9.9 (614) 9.8 (622)

cefuroxime 22.3 (229) 16.3 (443) 15.7 (503) 14.7 (544)

ceftriaxone 15.6 (327) 13.3 (420) 9.7 (371) 6.7 (371)

cefotaxime 12.4 (170) 10.8 (305) 12.1 (346) 10.7 (544)

ceftazidime 12.5 (304) 9.2 (512) 9.9 (573) 8.8 (579)

gentamicin 9.7 (465) 10.1 (636) 8.8 (670) 7.2 (642)

ciprofloxacin 10.9 (440) 10.0 (598) 8.8 (593) 8.3 (602)

meropenem 0 (316) 0 (506) 1.0 (572) 0.3 (597)

piperacillin-tazobactam* 7.3 (328) 3.8 (426) 7.4 (460) 7.9 (453)

trimethoprim 18.1 (171) 18.3 (447) 20.2 (565) 23.0 (556)

ceftriaxone/ciprofloxacin 9.3 (301) 9.7 (401) 6.3 (351) 3.0 (361)

ceftriaxone/gentamicin 10.2 (323) 11.0 (420) 5.9 (371) 3.0 (371)

ceftriaxone/ciprofloxacin/
gentamicin

8.4 (297) 8.7 (401) 4.6 (351) 1.9 (361)

*Note: there are on-going technical issues with susceptibility testing for piperacillin-tazobactam in Vitek

Figure 9: Antibacterial resistance (with 95% confidence intervals) in  
K. pneumoniae isolated from blood cultures in 2008 (n=512), 2009 (n=672),  
2010 (n=715) and 2011 (n=697). Not all isolates were tested against all agents 
(Table 11)
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Resistance to all third generation cephalosporins (ceftriaxone, cefotaxime and ceftazidime) among 
K. pneumoniae also showed decreasing trends for all agents tested and is at the lowest frequency 
since surveillance began in 2008. Proportions of resistance varied considerably between the agents 
tested (6.7% for ceftriaxone, 10.7% for cefotaxime and 8.8% for ceftazidime). The proportion of 
ESBL-producers (7.0%) was also the lowest among K. pneumoniae since 2008.

Resistance to gentamicin among K. pneumoniae (7.0%) decreased again for the third consecutive 
year. This is the lowest proportion reported since 2008.

A decreasing trend in resistance to fluoroquinolones (ciprofloxacin) was also observed among K. 
pneumoniae causing bacteraemia from 10.9% in 2008 to 8.3% in 2011. 

Meropenem resistance continues to be rare among K. pneumoniae bacteraemia isolates and 
decreased from 1.0% in 2010 to 0.3% in 2011 (corresponding to six vs. two cases).

Trimethoprim is the only agent against which resistance among K. pneumoniae has increased 
continuously from 18.1% in 2008 to 23.0% in 2011.

K. pneumoniae with combined resistance to cephalosporins + fluoroquinolones and cephalosporins 
+ aminoglycosides have decreased significantly from 9.3% and 10.2% in 2008 to 3.0% for both 
in 2011 (p<0.05). The proportion of K. pneumoniae isolates with combined resistance to third 
generation cephalosporins, fluoroquinolones and aminoglycosides has also decreased significantly 
from 8.4% in 2008 to 1.9% in 2011 (p<0.001).

In conclusion, resistance to all key agents (except for trimethoprim, a first-line agent for UTI) has 
decreased among K. pneumoniae in 2011. 

International comparisons 
Resistance to third generation cephalosporins among the Scottish K. pneumoniae isolates (7-11%) 
is slightly above that of the figure reported for the UK to EARS-Net of 5.3%, but is among the 
lowest in Europe where only the Netherlands, the UK and Scandinavian countries are below 
10%. A large number of countries in Europe reported over 25% resistance to third generation 
cephalosporins (including France and Italy), and some even over 50% (including Greece, Bulgaria, 
Hungary and Poland).

Resistance to gentamicin among the Scottish isolates (7.2%) was higher than the overall 
proportion of 4.0% reported for all of the UK to EARS-Net in 2010. Gentamicin resistance has 
decreased continuously among the Scottish K. pneumoniae bacteraemias (from 10.1% in 2009 to 
7.2% in 2011), which paralleled a decreasing trend at UK level where resistance has decreased 
from 8.5% in 2007 to 4.3% in 2011. The overall UK frequency of gentamicin resistance is among 
the lowest in Europe; only three Scandinavian countries have reported rates below 5%.

Resistance to fluoroquinolones among the K. pneumoniae Scottish isolates (8.3%) was above what 
was reported for the UK (4.6%). Again, only Scandinavian countries and the UK (overall figure) 
were within the 1-5% range. 
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The proportion of meropenem resistant K. pneumoniae among the Scottish bacteraemia isolates 
(0.3%) was within the same range as the majority of European countries (<1%). In Greece, where 
carbapenemase producing Klebsiella pneumoniae (KPC) are endemic, 68.2% of isolates were 
carbapenem resistant in 2011 (up from 49.1% in 2010). Moreover, Italy reported 26.7% and Cyrpus 
15.7% resistance to carbapenems in 2011.

While multidrug resistance in K. pneumoniae is an increasing problem in many European countries 
(and worldwide), it is noteworthy that combined resistance to third generation cephalosporins 
and aminoglycosides, and to third generation cephalosporins and fluoroquinolones (and to 
combinations of all three of them), all are showing downward trends among the Scottish isolates. 

Pseudomonas aeruginosa
A total of 242 cases of P. aeruginosa bacteraemia were reported in 2011 (Table 9). P. aeruginosa 
is intrinsically resistant to a broad range of antibacterials, and any additional acquired resistance 
severely limits the therapeutic options for treatment of serious infections.

Table 12: Percentage resistance (and number of isolates tested) in P. aeruginosa bacteraemias in 
2008-2011

% Resistance in P. aeruginosa (number of isolates tested)

2008 2009 2010 2011

ceftazidime 8.3 (133) 8.9 (214) 4.9 (244) 3.8 (212)

gentamicin 2.3 (171) 2.4 (254) 2.1 (282) 4.9 (225)

ciprofloxacin 11.8 (161) 6.6 (244) 8.0 (275) 5.9 (221)

meropenem 5.3 (114) 4.7 (192) 3.6 (249) 4.3 (211)

piperacillin-tazobactam* 8.3 (133) 9.8 (183) 6.6 (198) 1.6 (190)

ceftazidime/ciprofloxacin 2.4 (127) 2.8 (211) 0.4 (244) 0.9 (211)

ceftazidime/gentamicin 0.8 (133) 0.9 (214) 0.4 (242) 1.4 (211)

*Note: there are on-going technical issues with susceptibility testing for piperacillin-tazobactam in Vitek
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Figure 10: Antibacterial resistance (with 95% confidence intervals) in P. 
aeruginosa isolated from blood cultures in 2008 (n=196), 2009 (n=269) 2010 
(n=295) and 2011 (242). Not all isolates were tested against all agents (Table 8)
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Resistance to all commonly used anti-pseudomonal agents, including cephalosporins, carbapenems, 
fluoroquinolones, aminoglycosides and piperacillin-tazobactam has been observed in the period 
2008-2011 (Table 12 and Figure 10).

Resistance to gentamicin increased in 2011 to 4.9% compared to previous years’ proportions of 
2.2-2.4%, but the increase was not statistically significant.

Resistance to carbapenems also increased in 2011 (4.3%) compared to 2010 (3.6%) but was still 
below proportions reported in 2008-2009.

Resistance to piperacillin-tazobactam decreased in 2011 (1.6%) and was the lowest since 
surveillance began. The decrease from 2010 to 2011 was statistically significant (p<0.05).

Combined resistance to ceftazidime and ciprofloxacin increased from 0.4% in 2010 to 0.9% in 2011 
and to ceftazidime and gentamicin from 0.4% in 2010 to 1.4% in 2011 (none of these increases 
were statistical significant).

Multidrug resistance to at least three categories of anti-pseudomonal antibacterials was detected 
in four isolates (1.7%) of P. aeruginosa. No isolates were resistant to all five categories of anti-
pseudomonal antibacterials. 
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International comparisons
Resistance among the Scottish P. aeruginosa bacteraemia isolates to single anti-pseudomonal 
antibacterials (including ceftazidime, piperacillin-tazobactam, meropenem, ciprofloxacin and 
gentamicin) remained among the lowest in Europe in 2011 and was within the same range for the 
UK.

Multidrug resistance (to at least three categories of anti-pseudomonal antibacterials) among the 
Scottish P. aeruginosa isolates (1.7%) was rare compared with figures reported from most other 
countries in Europe, where most countries reported frequencies of 10-25% in the Western part 
and above 25% in the Eastern part. The overall UK frequency reported to EARS-Net was 2.6%.

Acinetobacter baumannii
A total of 34 isolates of A. baumannii causing bacteraemia were reported in 2011 (Table 9). In 
comparison, 53 isolates were reported in 2008, 64 in 2009 and 36 in 2010. Due to a relatively 
small number of reports on A. baumannii, calculated resistance proportions for this organism are 
associated with relatively large confidence intervals.

High proportions of resistance to ceftazidime (13.0-34.8%) and piperacillin/tazobactam (12.1-
40.0%) were observed throughout the period 2008-2011. Meropenem resistance was reported 
for the first time in 2010 (4.2%). An unexpected high proportion of ceftazidime resistance was 
observed in 2011 (Table 13).

Resistance proportions reported for the Scottish isolates of A. baumannii causing bacteraemia 
(Table 13) were for most agents below what was reported in England and Wales (gentamicin 
(25%), ciprofloxacin (22%), meropenem (23%) and ceftazidime (75%)).

Table 13: Percentage resistance (and number of isolates tested) in A. baumannii bacteraemias in 
2008-2011

% Resistance in A. baumannii (number of isolates tested)

2008 2009 2010 2011

ceftazidime 20.0 (30) 22.2 (45) 13.0 (23) 34.8 (23)

gentamicin 6.8 (44) 1.7 (60) 3.3 (30) 3.8 (26)

ciprofloxacin 22.0 (41) 1.8 (55) 0 (28) 4.0 (25)

meropenem 0 (33) 0 (45) 4.2 (24) 4.3 (23)

piperacillin-tazobactam* 12.1 (33) 17.8 (45) 19.0 (21) 40.0 (25)

ceftazidime/ciprofloxacin 10.3 (29) 2.3 (44) 0 (23) 0 (22)

ceftazidime/gentamicin 3.4 (29) 2.2 (45) 0 (23) 0 (22)

*Note: there are on-going technical issues with susceptibility testing for piperacillin-tazobactam in Vitek
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Neisseria gonorrhoea
The Scottish Bacterial Sexually Transmitted Infections Reference Laboratory (SBSTIRL) recently 
reported that no gonorrhoeal resistance was observed to cefixime, ceftriaxone or spectinomycin 
in 2011. Decreased susceptibility to azithromycin remained low at 1.7% and resistance to 
ciprofloxacin decreased.

The European Centre for Disease Prevention and Control (ECDC) produced a news release 
in June, 2012 containing results from the European Gonococcal Antimicrobial Surveillance 
Programme (Euro-GASP) showing that the percentage of isolates with decreased susceptibility 
to the recommended drug for treatment of gonorrhoea (cefixime) increased from 4% in 2009 to 
9% in 2010. Decreased susceptibility was detected in 17 countries in 2010, seven more than in the 
previous year [8]. This observed rise in cephalosporin resistance is not yet universal; however it is 
essential that isolates continue to be submitted to SBSTIRL for culture and sensitivity to monitor 
this emerging issue. 

Haemophilus influenzae
A total of 45 H. influenzae blood and CSF specimens were reported by diagnostic laboratories in 
Scotland in 2011. Susceptibility results were reported for less than half of the isolates. Resistance 
to ampicillin was reported in 14.3% of isolates, which is lower than the proportion of resistant 
isolates reported in the previous three years (26.5-28.9%). However this should be interpreted 
with caution due to the small number of isolates tested. All isolates were susceptible to 
tetracycline and ciprofloxacin in 2011. This is in line with results of previous years (Table 14).

Neisseria meningitidis
A total of 64 N. meningitidis blood and CSF specimens were reported by diagnostic laboratories in 
Scotland in 2011. Susceptibility results were reported for more than half of the isolates. Resistance 
to ciprofloxacin was reported in 2.9% (1/35) of the isolates, compared to no reports of resistance 
to ciprofloxacin in the previous three years (2008-2010). All tested isolates were susceptible to 
cefotaxime, ceftriaxone, penicillin and rifampicin (Table 14).

Table 14: Percentage resistance in H. influenzae and N. meningitidis 2008-2011

% Resistance (number of isolates susceptibility tested)

H. influenzae N. meningitidis

2008 
n=47

2009 
n=72

2010 
n=48

2011 
n=45

2008 
n=68

2009 
n=87

2010 
n=55

2011 
n=64

ampicillin 26.5 (34) 30.2 (53) 28.9 (38) 14.3 (7) --- --- --- ---

cefotaxime --- --- --- --- 0.0 (11) 0.0 (26) 0.0 (12) 0.0 (33)

ceftriaxone --- --- --- --- 0.0 (12) 0.0 (24) 0.0 (15) 0.0 (3)

ciprofloxacin 0.0 (24) 0.0 (43) 0.0 (27) 0.0 (22) 0.0 (11) 0.0 (27) 0.0 (19) 2.9 (35)

penicillin --- --- --- --- 0.0 (20) 0.0 (42) 0.0 (20) 0.0 (35)

rifampicin --- --- --- --- 5.3 (19) 0.0 (37) 0.0 (21) 0.0 (34)

tetracycline 0.0 (16) 0.0 (47) 3.1 (32) 0.0 (29) --- --- --- ---
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Gram-positive bacteraemia
Susceptibility data on S. aureus and S. pneumoniae from bacteraemias are reported centrally 
from the respective reference services, SMRSARL and SHLMPRL, to HPS. There remains good 
compliance with these surveillance systems and the datasets are validated and robust. It is 
important to note that the S. aureus dataset for this report is de-duplicated according to the 
EARS-Net definition (including only the first report within a quarter). This differs to the HPS 
Scottish S. aureus bacteraemia surveillance programme where a two-week episode definition 
is applied. Data pertaining to Enterococcus sp. are submitted to HPS from the Scottish NHS 
diagnostic microbiology laboratories via ECOSS. 

An overview of reported Gram-positive bacteraemias in the period 2008-2011 is given in Table 15.

Table 15: Gram-positive bacteraemias in 2008-2011; number of cases as per EARS-Net definition

Number of cases of bacteraemia reported

Enterococcus sp. S. aureus
S. pneumoniae

All E. faecalis E. faecium All MSSA MRSA

2008 648 379 269 1846 1241 605 (32.8%) 607

2009 702 447 255 1826 1348 478 (26.2%) 579

2010 627 397 230 1627 1317 310 (19.1%) 479

2011 577 363 214 1452 1258 194 (13.4%) 438

Staphylococcus aureus
The total number of reported cases of S. aureus bacteraemia in 2011 was 1452 which is the lowest 
number of cases since the AMR surveillance began (Table 15). Whilst there have been statistically 
significant reductions in the incidence of S. aureus bacteraemias, mainly attributable to reductions 
in MRSA, there has been no concomitant reduction has not been seen in the incidence of MSSA 
[9]. 

The proportion of S. aureus bacteraemias caused by MRSA has decreased continuously from 2008 
(32.8%) to 2011 (13.4%).

Reporting of S. aureus bacteraemia is mandatory in Scotland, and the incidence rates are the 
subject of Scottish Government Health and Social Care Directorate Health Efficiency Access 
and Treatment (SGHSCD HEAT) targets for reduction in NHS boards [10]. There have been 
statistically significant reductions in the incidence of S. aureus bacteraemias in all NHS boards since 
the surveillance programmes began in 2006 [9].

In the recent (2011) PPS, the authors reported that S. aureus remained a threat to patient safety 
in hospitals, and accounted for a quarter of all microbiology reports on HAIs (in acute hospitals). 
Among S. aureus, causing HAIs, MSSA accounted for 59.4% of the microbiology reports while 
MRSA accounted for 40.6%.
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Table 16: Percentage resistance in Gram-positive bacteraemias 2008-2011. All isolates were 
susceptibility tested

% Resistance 

MRSA MSSA S. pneumoniae

2008 2009 2010 2011 2008 2009 2010 2011 2008 2009 2010 2011

n
=

60
5

n
=

47
8

n
=

31
0

n
=1

94

n
=1

24
1

n
=1

34
8

n
=1

31
7

n
=1

25
8

n
=

60
7

n
=

57
9

n
=

47
9

n
=

43
8

chloramphenicol 0.5 0.4 0.3 0.5 0.2 0.1 0.2 0.1 - - - -

ciprofloxacin 95.9 91.0 94.5 95.4 7.1 7.4 6.5 5.5 1.0 1.2 0.8 0.5

clindamycin 32.1 33.3 24.2 17.0 0.9 2.8 0.9 0.7 - - - -

erythromycin 76.8 72.0 68.4 60.3 10.5 9.3 9.5 7.9 3.1 2.4 4.0 6.8

fusidic acid 6.9 2.7 1.6 2.6 10.6 2.5 2.5 3.3 - - - -

gentamicin 7.3 9.6 5.5 9.3 1.2 0.7 1.2 1.2 - - - -

kanamycin 15.9 14.0 13.2 16.5 2.3 0.7 1.5 1.7 - - - -

linezolid 0 0 0 0 0 0 0 0 - - - -

mupirocin (high level) 5.3 6.3 3.1 4.1 0.3 0.1 0.2 0.5 - - - -

penicillin - - - - - - - - 0.2 0.2 0.6 0.2

rifampicin 2.5 2.3 1.3 1.0 0.1 0.1 0.3 0.4 - - - -

teicoplanin 0 0 0 0 0 0 0 0 - - - -

tetracycline 9.8 10.5 7.1 15.5 5.3 4.7 5.9 6.7 - - - -

tobramycin 20.7 13.2 10.6 8 2.1 0.7 1.4 1.5 - - - -

trimethoprim 27.8 19.7 16.8 33.7 15.6 3.0 3.1 4.8 - - - -

vancomycin 0 0 0 0 0 0 0 0 - - - -

Note: methods for susceptibility testing for trimethoprim and fusidic acid were not optimal for MSSA in 2008.
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Meticillin sensitive S. aureus (MSSA)
In 2011, a total of 1258 cases of MSSA bacteraemias were reported (Table 15). This is a marginal 
increase in the number of cases compared to 2008 (1241), but below the number of cases in 2009 
(1348) and 2010 (1317). 

Antimicrobial susceptibility of MSSA remains similar to that observed from 2008 to 2011. As 
mentioned in previous reports, there were two notable exceptions in the data from 2008, where 
relatively high proportions of MSSA were resistant to fusidic acid and trimethoprim. Further 
investigations demonstrated that the subsequent decrease in resistance to these drugs in 2009 
and onwards could be explained by improved antimicrobial susceptibility testing methods (namely 
transition from VITEK 1 to VITEK 2 at the SMRSARL). 

In 2011, the highest resistance proportions reported for MSSA included erythromycin (7.9%), 
tetracycline (6.7%), ciprofloxacin (5.5%) and trimethoprim (4.8%). There are no available 
international comparisons. An overview of the susceptibility results can be found in Table 16 and 
Figure 11. 

Figure 11: Antibacterial resistance (with 95% confidence intervals) in MSSA 
isolated from blood cultures in 2008 (n=1241), 2009 (n=1348), 2010 (n=1317) and 
2011 (n=1258)
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Note: methods for susceptibility testing for trimethoprim and fusidic acid were not optimal for 
MSSA in 2008.
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Meticillin resistant S. aureus (MRSA)
The numbers of MRSA bacteraemias reported to HPS has decreased continuously from 605 
(32.8% of all S. aureus bacteraemias) in 2008 to 194 (13.4% of all S. aureus bacteraemias) in 2011. 
An overview of the susceptibility results for MRSA can be found in Table 16 and Figure 12.

The highest resistance proportions were reported for ciprofloxacin (95.4%), erythromycin 
(60.3%), trimethoprim (33.7%) and clindamycin (17.0%). There were few changes in resistance 
proportions to any of these antibacterials from 2008 to 2011, except for trimethoprim where 
resistance has increased two fold from 2010 (16.8%) to 2011 (33.7%). In 2008 there was a 
technical issue with susceptibility testing for trimethoprim, but this has been resolved and is not 
the cause of the recent increase from 2010 to 2011.

A more detailed description of mupirocin resistance is provided in the section on ‘Mupirocin 
resistance’.

Figure 12: Antibacterial resistance (with 95% confidence intervals) in MRSA 
isolated from blood cultures in 2008 (n=605), 2009 (n=478), 2010 (n=310) and 
2011 (n=194)

2008 2009 2010 2011

Antibiotic

%
 R

es
is

ta
n

ce

ch
lor

am
ph

en
ico

l

cip
ro

flo
xa

cin

cli
nd

am
yc

in

er
yth

ro
myc

in

fus
idi

c a
cid

ge
nt

am
ici

n

ka
na

myc
in

lin
ez

oli
d

mup
iro

cin

rif
am

pic
in

te
ico

pla
nin

te
tra

cy
cli

ne

to
br

am
yc

in

tri
met

ho
pr

im

va
nc

om
yc

in
0

20

40

60

80

100

International comparisons 
Prior to 2010, UK proportions of MRSA were comparable to those of South European countries 
(25% to 50%) as reported by EARS-Net. In 2010, the proportion of MRSA (19.1%) in Scotland was 
similar to the rest of the UK (21.6%) and a significant decreasing trend was observed. This trend 
has continued in 2011 with the Scottish and UK proportions being 13.4% and 13.6% respectively. 
Ten countries in Europe reported proportions below 10%, while 10 countries reported 
proportions from 10-25%, six countries from 25-50% and two countries over 50%.
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Streptococcus pneumoniae
The number of reported cases of S. pneumoniae bacteraemias in 2011 was 438. Resistance 
proportions to ciprofloxacin, erythromycin and penicillin were 0.5%, 6.8% and 0.2% respectively. 
An overview of the Scottish susceptibility results can be found in Table 16 and Figure 13. 

No S. pneumoniae isolates were recorded as a cause of HAI in the PPS, however, one isolate was 
reported in the non-acute setting (3.7%).

Figure 13: Antibacterial resistance (with 95% confidence intervals) in  
S. pneumoniae isolated from blood cultures in 2008 (n=607), 2009 (n=579),  
2010 (n=479) and 2011 (n=438)
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International comparisons
In 2011, resistance to macrolides (erythromycin) among S. pneumoniae was higher in Scotland 
(6.8%) than the overall figure reported for the UK (2.5%) to EARS-Net. Twelve countries in 
Europe reported resistance below this (0-6.2%) and fourteen reported higher resistances (7.3-
25.4%). 

Resistance to penicillin among the Scottish S. pneumoniae isolates (0.2%) was similar to that 
reported for the UK (0.8%) to EARS-Net in 2011 and compared favourably with the rest of the 
countries in Europe, with nine countries reporting the same resistance proportion or less (0-
0.8%). 
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Serotype distribution among S. pneumoniae
With the introduction of the pneumococcal conjugate vaccines (PCV 7 and PCV 13) into the 
Scottish childhood vaccination programme (in September, 2006 and March, 2010, respectively), 
there is the potential for resistant serotypes, not covered by the vaccines, to emerge. HPS 
continually monitors any potential emerging issues. The serotype distribution in 2011 had minor 
changes compared to that of 2010. 

The most common serotypes in Scotland in 2011 were 7F (17.0%), 19A (11.7%), 3 (10.6%), 8 (8.0%) 
and 22F (6.7%). All of these serotypes (with the exception of 8 and 22F) are contained within 
the PCV 13 vaccine. The frequent ‘classic’ resistant serotypes are 6B, 14, 19F and 23F. There 
were no reports of 6B although serotypes 14, 19F and 23F accounted for 0.2%, 1.1% and 1.4% 
of all isolates respectively. Serotypes 22F and 8 are not covered by the vaccines, however, all 
except two isolates remain sensitive to cefotaxime, ciprofloxacin, erythromycin, moxifloxacin and 
penicillin. Of the 29 isolates of serotype 22F, one isolate displayed intermediate susceptibility to 
penicillin. Similarly, there were 35 isolates of serotype 8 and one isolate was recorded as having 
intermediate susceptibility to penicillin. 

In 2010, the most common serotypes in Scotland were 19A (14.0%), 7F (13.4%), 22F (9.8%), 3 
(9.0%) and 8 (8.1%). The most common Scottish serotypes (accounting for 2% or more of all 
Scottish serotypes) for 2010 and 2011 can be found in figure 14. 

Figure 14: Distribution of the most common Scottish S. pneumoniae serotypes 
(%), 2010 and 2011
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International comparisons 
In Europe, 2011, S. pneumoniae serotype 1 (14%) was the most common isolate, followed by 19 
(13%), 7 (12%) and 3 (9%).
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Enterococcus sp.
The total number of E. faecalis and E. faecium isolates from bacteraemias reported in 2011 were 
363 and 214 respectively (Table 14). No vancomycin resistance in E. faecalis was reported in 2011 
(Table 17 and Figure 15). Vancomycin resistance in E. faecium has increased gradually in the past 
four years from 16.7% in 2008 to 27.6% in 2011 (Table 17 and Figure 16). 

Table 17: Percentage resistance in Gram-positive bacteraemias 2008-2011. All isolates were 
susceptibility tested

E. faecalis E. faecium

2008
n=379

2009
n=447

2010
n=397

2011
n=363

2008
n=269

2009
n=255

2010
n=230

2011
n=214

vancomycin 0.3 0.9 0.5 0 16.7 27.8 23.5 27.6

The PPS recorded E. faecalis as the fifth most commonly recorded HAI organism (3.7%) in acute 
hospitals and the seventh most commonly recorded organism (3.7%) in non-acute hospitals 
(however this latter percentage accounted for one organism only). No reports for E. faecium in 
the acute or non-acute setting were recorded [7].

Figure 15: Vancomycin resistance (with 95% confidence intervals) in E. faecalis 
isolated from blood cultures in 2008 (n=379), 2009 (n=447), 2010 (n=397) and 
2011 (n=363)
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Figure 16: Vancomycin resistance (with 95% confidence intervals) in E. faecium 
isolated from blood cultures in 2008 (n=269), 2009 (n=255), 2010 (n=230) and 
2011 (n=214)
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International comparisons 
Resistance to vancomycin among the Scottish isolates of E. faecium (27.6%) (Table 17) was above 
that of the UK isolates (8.9%) reported to EARS-Net in 2011, and has not followed the downward 
trend observed in UK isolates from 2008-2011. In comparison, most other countries reporting 
to EARS-Net reported vancomycin resistance proportions below 5% in 2011, while Ireland 
reported a higher proportion (34.9%) than Scotland, and consistently have reported the highest 
rates in Europe in the period 2008 to 2011. Portugal and Greece have also consistently reported 
proportions above that of most European countries (above 20% in 2011).

The global spread of the highly conserved genetic lineage of E. faecium, complex-17, characterised 
by ampicillin resistance and a specific pathogenicity island, associated with hospital outbreaks in 
five continents [11], could potentially be the underlining mechanism of the spread of vancomycin 
resistance in E. faecium in Scotland as well. However, further molecular investigations of the 
Scottish isolates are required to determine this.

No EARS-Net data were available for E. faecalis vancomycin resistance.
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5. Clinical priorities in SAPG antimicrobial 
stewardship programme 

In order to further develop the (SAPG) antimicrobial stewardship programme a range of clinical 
priority areas have been identified and developed; a) carbapenem use and spread of carbapenem 
resistant Gram-negative bacilli, b) use of critical clinically important ‘alert antibacterials’ and 
resistance to those agents, c) antimicrobial treatment of urinary tract infection and development 
of resistance and d) prevention and control of CDI. Moreover, to underpin all of the on-going 
work in the stewardship programme, a datamart Antimicrobial Management Intergrated Database 
Scotland (AMIDS) displaying close-to-real-time data directly to users at the frontline has been 
developed and implemented across Scotland. In this section, we report on initial findings, as well 
as current and future work in these areas.

Carbapenem use and the threat from global spread of 
carbapenemase-producing Enterobacteriaceae and non-
fermenters

Carbapenem use
Carbapenems are a potent group of broad spectrum beta-lactam antibacterials which, in many 
cases, are possibly the last effective defence against multidrug resistant bacterial infections. As a 
result the carbapenems represent a critically important antibacterial group in the treatment of 
human infection. Resistance arises in a range of ways. The most worrying is the production of 
enzymes capable of inactivating carbapenems (carbapenemases). Emergence of carbapenemase 
producing Enterobacteriaceae has been recognised as a significant risk to public health in Europe by 
ECDC (2010).

It has been suggested that carbapenem use has increased mainly as a result of the rising 
resistance to cephalosporins in Enterobacteriaceae (E. coli, Klebsiella sp., Enterobacter sp., and 
related genera) [12]. Cephalosporin resistance is largely due to the spread of strains producing 
ESBLs. Carbapenems are the only beta-lactam antibacterials which are effective against severe 
infections due to ESBL-producers, as most ESBL-producers in the UK are also resistant to the 
beta-lactamase inhibitor combinations of amoxicillin-clavulanate and piperacillin-tazobactam. High 
rates of multidrug resistant organisms are another risk factor for the development of carbapenem 
resistance as their treatment may require the use of carbapenems. 

A range of broad spectrum antibacterials have been restricted in order to reserve these for 
treatment of more severe and life-threatening infections and infections caused by MDR organisms 
such as ESBL-producers. The use of these agents, referred to as ‘alert antibacterials’, are 
monitored carefully. Carbapenems (including meropenem, ertapenem and imipenem) are the most 
frequently used of the ‘alert antibacterials’ in Scotland. 

Despite recommended restriction of the use of carbapenems, there has been a steady increase 
in the use of carbapenems (with meropenem accounting for 95% of the total carbapenem use in 
hospitals) in Scotland since 2008. In 2011, the use of carbapenems was 18% higher than in 2008 
(Figure 17). Moreover, meropenem was the 13th most frequently prescribed antibacterial and 
accounted for 2.5% of the total antimicrobial use in acute hospitals when surveyed in the PPS. As 
a proportion of total antibacterial use in key infections meropenem use was 2.4% in respiratory 
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tract infection, 1.8% in gastrointestinal tract infection and 1.7% in urinary tract infection. 

Figure 17: NHS Scotland: use of carbapenems in secondary care in 10 NHS 
boards covering 81% of population (DDD/1000/day) 2008-2011
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As the prevalence of ESBL-producers (among bacteraemias caused by E. coli and K. pneumoniae) 
(Table 9) has not increased in Scotland in this period, and, in fact, is at the lowest level since 2008, 
other reasons for the increased use of carbapenems should be investigated. This would include 
investigating further the trends in MDR infections (of other types) and if policy changes involving 
restrictions of other antibacterials (in particular cephalosporins and fluoroquinolones) have lead to 
a greater tendency toward use of carbapenems.

Carbapenem resistance 
Both carbapenemase-producers and Gram-negative bacilli that have reduced susceptibility, or are 
fully resistant to carbapenems due to other molecular mechanisms (such as porin loss or up-
regulation of efflux pumps), contribute to the threat to public health, although they may impact 
the spread of resistance to various degrees. In Scotland, carbapenemase-producers are monitored 
in all types of isolates through the AMR-Alert surveillance programme. In addition, changes in 
susceptibility to carbapenems are monitored in the national AMR surveillance in key organisms 
(from bacteraemias) in order to get the broadest possible capture of this resistance problem.

As reported under the Gram-negative section of this report, resistance to carbapenems is still 
rare in Enterobacteriaceae: 0.1% for E. coli and 0.3% for K. pneumoniae and non-fermenters (4.3% 
for P. aeruginosa) causing bloodstream infection. Among non-fermenters, non-specific resistance 
mechanisms, such as reduced membrane permeability, tend to cause reduced susceptibility or 
resistance; however these mechanisms are usually not spread on plasmids, and are therefore less 
of a concern to public health.

In Scotland, 25 carbapenemase producers were reported from AMRHAI (HPA) in 2012, bringing 
the total number of reports to 79 since 2003. Figure 18 shows the distribution of phenotypes 
among carbapenemase producers in Gram-negatives in the period 2003-2012. Reports of 
carbapenemase producers are geographically widespread in Scotland over the past four years; 10 
out of 14 NHS board areas have now reported at least one carbapenemase producer. 
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Until the beginning of 2012 only one isolate of NDM-1 (originating from a patient with a travel 
history) had previously been detected in Scotland, but in 2012 four isolates of NDM-1 were 
isolated from patients in four different NHS boards. One of these was isolated from a UTI in an 
otherwise healthy person with no documented travel history nor previous healthcare history. 

The diversity of bacterial strains and types of carbapenemases, and the noteworthy absence 
of history of foreign travel in many cases, suggest that the carbapenemase-producing strains 
among Gram-negatives in Scotland have emerged through a combination of acquisition of genetic 
elements/plasmids in the presence of a selective pressure from the usage of carbapenems and 
through the introduction of specific clones via unknown/undocumented routes. 

The rapid emergence of diverse carbapenemases in multiple Gram-negative genera in Scotland 
mirrors the experience in the rest of the UK and highlights the need for strengthened local and 
national surveillance to prevent further spread.

Figure 18: Phenotypes of carbapenemase-producing Enterobacteriaceae and non-
fermenters in Scotland in the period 2003-2012
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As there are no new antibacterials expected to become available in the near future, and with 
the increasing threat of multi-resistant Gram-negative organisms and carbapenemase producing 
organisms causing serious infection in critically ill patients, there is an urgent need for a national 
strategy for preservation of the effectiveness of carbapenems, which should include development 
of national guidance on prescribing and non-prescribing measures, and strengthened local and 
national surveillance.
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Use of antibacterials and emergence of resistance in 
Gram-positives

Vancomycin resistance
In 2008, HPS reported the importance of monitoring the use of vancomycin and resistance in 
enterococci. Glycopeptides such as vancomycin and teicoplanin are the antibacterials of choice 
for a range of Gram-positive infections, including line infections caused by coagulase-negative 
staphylococci and MRSA, and enterococcal bacteraemia and endocarditis. However, in the last 
decade, enterococci with acquired resistance to these antibiotics have been emerging. The first 
vancomycin resistant enterococci (VRE) were reported in the UK in 1987, and in 1988, the first 
articles on plasmid mediated, inducible high level resistance to glycopeptides were published. 
Subsequently, enterococci with inducible low level resistance to vancomycin, whilst remaining 
teicoplanin susceptible, have emerged. Strains with constitutive low-level vancomycin resistance 
have also been isolated. From a broader public health perspective, there is a concern that the 
transferrable plasmid-borne resistance genes, vanA and vanB, encoding vancomycin resistance in 
enterococci, will be transferred across species barriers to more pathogenic organisms such as S. 
aureus, as has already occurred [13].

Since 2008, the proportion of E. faecium resistant to vancomycin has risen from 16.7% to 27.6% 
(although resistance has remained relatively stable from 2009 to 2011 (27.8%, 23.5% and 27.6% 
respectively)). Since 2008, there has been a 6% reduction in total use of vancomycin (DDD/1000/
day) in secondary care in 10 NHS boards (covering 81% of the Scottish population). During this 
period, oral vancomycin use in hospital decreased by 61%; however, parenteral use increased by 
2%. The proportion of vancomycin resistance in E. faecium is significantly higher in Scotland than 
for the UK as a whole (8.9%). It is therefore important that the surveillance of vancomycin use 
and resistance in E. faecium is continued in order to preserve the effectiveness of this agent. In 
addition to the selective pressure exerted by vancomycin, there is a risk of other antibacterials 
maintaining the selective pressure on the VanA/B genes due to co-selection via other resistance 
mechanisms encoded on the VanA/B carrying plasmids.

Tigecycline resistance 
More recently, tigecycline resistant VRE have emerged as a clinical issue in Scotland. Tigecycline, 
the first glycylcycline to be developed, is a tetracycline analogue. It was first licensed for use in the 
UK in June 2006. At a national level, use of tigecycline in secondary care has been very low and 
relatively unchanged since 2008 at 0.01 DDD/1000/day. Tigecycline evades the Tet efflux pumps 
(A-E and K) and also binds to the bacterial ribosomes that have been modified by the Tet (M) 
protein. In 2007, the first Scottish isolate with combined glycopeptide and glycylcycline resistant 
enterococci was identified. Since 2007, 10 isolates of enterococci with combined tigecycline and 
vancomycin resistance have been reported in Scotland. Eight of these isolates were E. faecium (two 
were recorded as being Enterococcus sp.). More than half of all reports were in 2011 with only one 
report received in 2012 between January and September. The mechanism of resistance has still to 
be fully elucidated. 
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The numbers of these combined glycopeptide and glycylcycline resistant isolates remain low in 
Scotland and throughout the world, and there are only two published papers in the public domain 
[14;15]. It is important that control measures are implemented to restrict the use of tigecycline 
to infections when other treatments are unsuitable. Combined glycopeptide and glycylcycline 
resistance, as an emerging public health threat should be closely monitored in Scotland through 
development of robust surveillance systems to detect these types of isolates.

Linezolid resistance 
Linezolid, the only oxazolidinone antibacterial licensed in the UK since 2000, is active against 
Gram-positive bacteria including meticillin resistant S. aureus (MRSA), and vancomycin-resistant 
enterococci. It inhibits protein synthesis by binding to the 23S portion of the 50S subunit, hence 
closing the binding site for several antibiotics including linezolid. Linezolid is a treatment option if 
a glycopeptide, such as vancomycin, cannot be used to treat pneumonia or severe skin and soft-
tissue infections caused by MRSA, and is considered in NHS Scotland as an alert antibacterial. The 
British National Formulary (BNF) notes that resistance to linezolid can develop with prolonged 
treatment, or if the dose is less than that recommended. 

Use of linezolid in secondary care in 2011 was 0.008 DDD/1000/day (based on 10 NHS boards 
covering 81% of the Scottish population). Since 2008, there has been a steady reduction in use. In 
2011 use of linezolid was 33% lower than in 2008. Enterococcal resistance to linezolid has been 
stable since 2008 and remains rare in Scotland (and throughout the UK). From 2008 to 2011 
proportions of resistance for E. faecium were 0.7%, 0.9%, 0.5% and 0.5% respectively. Similar low 
proportions were also recorded for E. faecalis between 2008 and 2011 (1.7%, 1.3%, 0.3% and 0%).

Despite the reduction of use of linezolid, a VRE strain has recently emerged in Scotland carrying 
the transferable chloramphenicol-florfenicol resistance (cfr) gene, that confers resistance to 
linezolid (and clindamycin, chloramphenicol, and dalfopristin). The strain quickly spread within a 
hospital unit and caused cross-colonisation to other patients despite rapid isolation of the index 
patient. The cfr gene has been found mostly in staphylococci, including S. aureus and coagulase-
negative species, from both humans and animals, with outbreaks reported in Spain and the 
USA [16]. In 2012, there were only three reports of cfr in enterococci worldwide [17;18;19]. Cfr 
has greater public health potential than mutational linezolid resistance, since infection control 
measures may not successfully contain the resistance as the cfr gene may ‘escape,’ transferring 
among strains, species and genera, and establishing reservoirs in skin and gut bacteria.

Prior to the incident in Scotland described above, cfr had not been identified in the UK. A UK-
wide and a European Early Warning and Response System (EWRS) resistance alert was issued, 
reminding clinical microbiologists and infection control teams that patients with histories of 
travel or healthcare contact overseas may be colonised or infected by many different multi-
resistant bacteria. Laboratories should be investigating MDR Gram-positive bacteria in addition to 
Gram-negatives with ESBL or carbapenemases. Moreover, it is essential to continue monitoring 
this resistance to safeguard the continued effectiveness of this important antibacterial, and 
strengthening the implementation of control measures to restrict its use.
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Mupirocin resistance
In 2008/09 a pilot MRSA screening programme was introduced into three Scottish NHS boards. 
The pilot was based on the NHS Quality Improvement Scotland Health Technology Assessment 
(NHS QIS HTA) of the clinical effectiveness of screening for meticillin resistant S. aureus that was 
published in October 2007. The results of the screening pilot study were published in February 
2011. A national MRSA screening programme was introduced into all Scottish NHS boards in 
2009 and 2010. Guidance contained within the 2011 report stated that: “the two interventions 
following screening for MRSA are (i) decolonisation (suppression) of confirmed positive cases, and 
(ii) isolation of those at high risk of, or confirmed as being, colonised” [20]. The topical antibiotic 
mupirocin was recommended for de-colonisation. A key recommendation from the report was 
that mupirocin resistance should be closely monitored, as it was deemed that there may be 
changes in the use of mupirocin, and, as a result, different patterns of resistance could potentially 
emerge. 

Use of mupirocin has reduced since 2008 in both primary and secondary care (Table 18). 

Table 18: NHS Scotland: use of mupirocin (number of grams) in primary care and secondary 
care, 2008-2011. Use in secondary care based upon use in hospitals in 10 NHS boards (covering 
81% of the Scottish population) 

Use of mupirocin

2008 2009 2010 2011

grams grams
% change 

from previous 
year

grams
% change 

from previous 
year

grams
% change 

from previous 
year

Primary Care 51019 45166 -11.5% 43835 -2.9% 36764 -16.1%

Secondary Care 36522 34497 -5.5% 35103 1.8% 30045 -14.4%

Total 87541 79663 -9.0% 78938 -0.9% 66809 -15.4%

MRSA resistance to mupirocin has been monitored by the HPS AMR team since 2008. Both 
high level and low level resistance is monitored as low level resistance is also likely to result 
in treatment failure. In 2011 low level mupirocin resistance was at the lowest level (<1%) since 
surveillance began, while high level resistance had increased marginally in 2011 compared to 2010, 
although still below what was reported in 2008-2009 (Figure 19).
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Figure 19: MRSA mupirocin percentage resistance, 2008 to 2011 (High level and 
low level)
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The concerns expressed in the NHS Scotland MRSA Screening Pathfinder Report that changes in 
patterns of mupirocin use may lead to different patterns of resistance have not yet been realised. 
Mupirocin use and resistance will remain under surveillance to identify and communicate to the 
clinical community any early signal of mupirocin resistance.

Urinary tract infection

Treatment of urinary tract infection and monitoring of 
resistance
Urinary tract infections (UTIs) are among the most common infections diagnosed in patients in 
both community and hospital settings. After respiratory infections, UTIs are the second most 
common indication for empirical antibacterial treatment in primary and secondary care. In the 
majority of cases, antimicrobial treatment is initiated before laboratory results are available.

In the PPS, antibacterials for the treatment of UTI accounted for 13.8% of the total antimicrobial 
use in acute hospitals [7]. Furthermore, UTI was the most commonly occurring HAI which 
accounted for 22.6% of HAI recorded in the PPS. Urinary catheter use is a frequent cause of 
UTI. Moreover, a proportion of patients that develop bacteraemia have a history of urinary tract 
infection caused by resistant organisms [21].

The diagnosis of UTI is particularly challenging in older people in whom asymptomatic bacteriuria 
is common. Asymptomatic bacteriuria without additional signs and symptoms of infection is not an 
indication for antibacterial treatment. Unnecessary and inappropriate treatment of asymptomatic 
bacteriuria will increase the development of antimicrobial resistance by adding a selective pressure 
on the normal bacterial flora and increase the risk of CDI by disturbing the normal gut flora in the 
otherwise healthy people. 
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Prescribing guidelines for treatment of UTI in primary and secondary care have been developed 
by the local AMTs. Trimethoprim or nitrofurantoin are commonly recommended for the empirical 
treatment of lower UTI in line with national recommendations (HPA guidance on antibiotic use 
in primary care) [22]. Since 2008, in primary care there has been a 23% increase in the use of 
trimethoprim while nitrofurantoin use has tripled (Table 3). Similarly, their use in hospital has 
increased over the same time (Table 8). These increases reflect the impact of empirical prescribing 
guidelines for UTI that have been implemented by the local AMTs in collaboration with clinicians 
across NHS Scotland.

National guidelines on the treatment of UTI state that non-pregnant women of all ages with signs 
and symptoms of acute lower UTI should be treated with trimethoprim or nitrofurantoin for 
three days. Since quarter two 2009, there has been a continuous increase in three-day courses 
as a proportion of total use of trimethoprim in adult females. By quarter four 2011, 53.3% of all 
trimethoprim in females aged ≥16 years were three-day courses (Figure 20). This increasing move 
toward three-day courses may also reflect the impact of implementation of local prescribing 
policies led by AMT. Less progress has been made with nitrofurantoin, where by quarter four 
2011, 20.2% of prescriptions had a duration of three days (Figure 20).

Figure 20: NHS Scotland: Primary care trimethoprim 200mg tablets, 
nitrofurantoin 50mg tablets, three day course length as percentage of total 
courses for trimethoprim and nitrofurantoin in females, aged ≥ 16 years. Based 
on 89% prescriptions with CHI number
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Monitoring of antimicrobial resistance in UTI
Surveillance of antimicrobial resistance in urinary isolates was introduced in Scotland in 2012 in 
order to detect emergence and spread of resistance. Susceptibility patterns of urinary isolates are 
likely to reflect resistance to commonly prescribed antibacterials in the community and hospitals, 
and may provide an early indication of emerging resistance problems. With the recent emergence 
of carbapenemase producing Enterobacteriaceae and other multidrug resistant organisms across the 
UK and other countries it has become imperative to expand AMR surveillance systems to include 
isolates from urinary tract infection and other more commonly encountered infections.
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The Scottish AMR surveillance system for UTI is designed to monitor resistance to broad 
spectrum agents and to detect emergence of multidrug-resistant organisms, including ESBL and 
carbapenemase-producers. Each NHS board is required to provide standardised susceptibility data 
(generated in VITEK2) on 400 consecutive non-duplicate urine samples per quarter (currently 
13 out of 14 NHS boards are complying with this). This cross-sectional data collection strategy 
provides a sample from each NHS board which includes data from both community and hospital 
patients. When all NHS boards are complying with this, more than 5000 test results will be 
available per quarter, and very small changes in prevalence of resistance can be detected on a 
quarterly or yearly basis, depending on the prevalence of the causative organism in question. For 
rarer organisms causing UTI, the susceptibility results need to be summed over multiple quarters 
to obtain the same precision of the estimated change in resistance as the most common organisms 
(such as E. coli and K. pneumoniae).

At the time of producing this report, data from the UTI AMR surveillance were available for the 
first nine months of 2012. A total of 13 982 reports on non-duplicate urine samples were received 
from 13 NHS boards in this period. E. coli accounted for the majority of the reports (69%) 
followed by K. pneumoniae (7%), E. faecalis (4.9%), P. mirabilis (4.2%) – another 58 species were 
reported in low numbers under ‘other’ (Table 19). A total of 55% of the reports originated from 
midstream urines, 6% from catheter urines and the remaining 39% were unlabeled or from rarer 
types of urinary samples.

Table 19: Number of organisms included in the surveillance of AMR of UTIs from January - 
September 2012

Number of organisms in the UTI AMR surveillance January - September 2012

Organism Q1 Q2 Q3 Total %

Escherichia coli 3264 3263 3120 9647 69.1%

Klebsiella pneumoniae 
subspecies pneumoniae

269 287 295 851 6.1%

Enterococcus faecalis 238 209 239 686 4.9%

Proteus mirabilis 198 218 172 588 4.2%

Enterococcus species 127 73 100 300 2.2%

Pseudomonas aeruginosa 89 82 101 272 2.0%

Staphylococcus aureus 79 73 83 235 1.7%

Klebsiella oxytoca 82 82 68 232 1.7%

Streptococcus species group B 64 51 58 173 1.2%

Other 330 302 366 998 7.1%

Total 4740 4640 4602 13982

Susceptibility patterns in the E. coli urinary isolates (Table 20) were very similar to those 
observed in the E. coli bacteraemia isolates (Table 10 and Figure 8). Resistance to third generation 
cephalosporin varied from 4.1% for ceftazidime to 9.1% for cefotaxime in the urinary isolates. 
ESBL-producers were identified in 4.7% of E. coli urinary isolates. 

Resistance to co-amoxiclav (12.5%) was significantly lower in urinary isolates than in bacteraemias 
(24%). Resistance to ciprofloxacin (17.4%) and gentamicin (7.3%) was also lower in urinary isolates 
compared to that observed in bacteraemias (21% and 9% respectively). No isolates were resistant 
to meropenem, while a small proportion (0.1%) of isolates showed resistance to ertapenem.
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Resistance to the first-line agent trimethoprim (37.6%) was nearly as high in urinary isolates as in 
bacteraemia isolates (39.6%). Resistance to nitrofurantoin was 3.9% in urinary isolates. Resistance 
to nitrofurantoin showed an increasing trend during 2012 (from 3.6% in Q1 to 4.8% in Q2). This 
increase was statistically significant (p<0.05).

Higher proportions of resistance against most antimicrobial agents were observed among K. 
pneumoniae from UTIs. In particular, resistance to nitrofurantoin was detected in 31.1% of K. 
pneumoniae from UTIs in contrast to 3.9% of E. coli. Resistance to cephalosporins was also 
generally higher among K. pneumoniae than E. coli. None of the K. pneumoniae isolates were 
susceptible to all agents, while 37% were resistant to three or more groups of antimicrobials.

Resistance proportions among the catheter urinary isolates (CSUs), which accounted for 7% of 
the reports, were up to three times higher than in the midstream urine isolates, emphasising the 
risk to catheterised individuals and the further contribution to resistance development. 

An important caveat to the AMR data on urinary isolates is the propensity to collect urinary 
samples only from patients who did not respond to initial empirical therapy. This creates a bias 
towards collecting the more resistant isolates which inflates the resistance proportions. This 
bias may be particularly strong in the samples from community patients. However, the resistance 
patterns in the isolates not responding to initial empirical treatment is of high relevance to 
prescribers for making decisions about treatment. 

Table 20: Resistance in E. coli and K. pneumoniae urinary 
isolates from January - September 2012

% Resistance

E. coli K. pneumoniae

amoxicillin 52.7 -

ampicillin 57.9 -

cefotaxime 9.1 12.4

ceftazidime 4.1 9.9

cefuroxime 11.9 16.2

cephalexin 11.7 15

ciprofloxacin 17.4 11.8

co-amoxyclav 12.5 7.4

ertapenem 0.1 0.8

gentamicin 7.3 10.1

meropenem 0 0

nitrofurantoin 3.9 31.1

tetracycline 31.1 23.8

trimethoprim 37.6 31.7

We will continue to develop the surveillance of antibacterial use and resistance in UTI and in 2013 
we will analyse national information on individual use of antibacterials commonly used for UTI 
in primary care to determine if there is evidence of treatment failure of initial empiric treatment 
through use of repeated courses. Along with AMR data from urinary samples, the epidemiology of 
prescribing may inform improved patient care in this commonly encountered infection.
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In 2011, SAPG developed a ‘decision aid’ (algorithm) to support nursing, social care staff and 
prescribers with diagnosis and management of suspected UTI in older people (currently being 
piloted). This includes good practice points for urine culture and antibacterial treatment. The 
decision aid will be reviewed for implementation across Scotland following the evaluation of its 
impact during a pilot undertaken in 2012/13.

International comparisons
Sweden has reported on UTI in the period 1996-2010. As sampling requirements may vary 
between Scotland and Sweden, comparison could possibly be biased towards higher resistance 
frequencies in Scotland as sampling is probably less frequent here than in Sweden. While 57.9% 
of the Scottish E. coli isolates were resistant to ampicillin, 31.6% of the Swedish isolates were 
resistant (although rates have increased continuously from 1996 when 17% were resistant). 
Similarly, while 37.6% of the Scottish E. coli isolates were resistant to trimethoprim in 2012, 20.3% 
of the Swedish isolates were resistant to this agent. Moreover, 17.4% of the Scottish E. coli isolates 
were resistant to ciprofloxacin, while 13.2% of the Swedish isolates were resistant to nalidixic acid, 
and 11.7% of Scottish isolates were resistant to cephalexin (first generation cephalosporin), while 
3.7% of the Swedish isolates were resistant to cefadroxil the first generation cephalosporin in the 
same periods.

Clostridium difficile Infection (CDI) 

Incidence rates
Incidence rates of CDI in all healthcare settings have continuously shown a steep downward trend 
in patients aged ≥65 years in the period from 2006 to 2010 (Figure 21). Although the number of 
cases in this age group decreased in this age group from 2221 in 2010 to 1465 in 2011, and the 
overall incidence rate for Scotland decreased 32% (from 44.1 to 29.8 per 100 000 total occupied 
bed days), the trend flattened in 2011. In the age group 15-64 years, smaller decreases in the 
number of cases (12% from 695 to 614) and incidence rates (7% from 44.7 to 41.5 per 100 000 
total occupied bed days) were observed from 2010 to 2011.

Since November 2007 (to the end of 2011), a total of 2797 isolates were typed by the Scottish 
Salmonella, Shigella and Clostridium difficile Reference Laboratory (SSSCDRL) referred as either 
severe cases and/or suspected outbreaks [7;23]. The three most common ribotypes in 2011 
were ribotypes 002, 015, and 027. Since 2010, there has been a large decrease in the previously 
predominant ‘epidemic’ types: 106, 001 and 027.

All isolates were susceptible to metronidazole and vancomycin. The majority of isolates were 
resistant to clindamycin, whereas overall resistance to cephalosporins, erythromycin and 
fluoroquinolones (levofloxacin and moxifloxacin) decreased between 2010 and 2011. The changing 
patterns of antimicrobial susceptibility among C. difficile may influence the impact and efficiency of 
current antimicrobial use interventions. However, the use of any antimicrobial agent continues to 
be a risk factor the development of CDI due to disturbance of the natural gut flora.

At the time of writing (end of 2012), ribotype 078 has emerged and become the dominant type in 
Scotland over the course of 2012 [24]. C. difficile ribotype 078 has been reported as an emerging 
type across Europe [25;26] and has been associated with more severe disease (as a result of 
increased toxin production) [26] and reported high levels of recurrence in one outbreak in the 
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Republic of Ireland [27]. The majority of Scottish ribotype 078 isolates from 2012 are resistant to 
cephalosporins (91%).

Figure 21: Overall quarterly CDI incidence rates for Scotland (per 100 000 
total bed days) in patients >65 years for the period October 2006 to December 
2011
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Use of broad spectrum antibacterials with high risk of CDI 
In both primary and secondary care, there has been considerable progress towards reduction in 
the use of cephalosporins, fluoroquinolones, co-amoxiclav and clindamycin (Table 3 and Table 8). 
However, in 2011 there was a small increase in use in secondary care of these broad spectrum 
antibacterials driven by increases in co-amoxiclav and clindamycin. 

There is a temporal relationship with the reduction in broad spectrum antibiotic use and 
the decrease in CDI incidence rates since 2008; however, the trends in antibiotic use and 
the relationship with CDI incidence rates between 2010 and 2011 are difficult to interpret. 
Appropriate prescribing forms one (albeit crucial) part of the multiple interventions currently 
applied in Scotland to prevent and control CDI. 

CDI remains a national clinical priority and it is important to consolidate and build on the 
improvements in quality of prescribing in primary and secondary care. 
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Monitoring of antimicrobial prescribing and unintended 
consequences
With the introduction of prudent antimicrobial prescribing and antimicrobial stewardship 
programmes, it is important to be aware of the wider impact of changes in prescribing. Whilst 
some consequences may be predictable, such as increased resistance to certain antimicrobials 
given prominence in prescribing policies, others are not; for example, re-emergence of infections. 
As part of the ongoing surveillance and monitoring of the SAPG programme, it is important that 
some measures are developed for monitoring unintended consequences. 

In order to support implementation of antimicrobial stewardship in all NHS boards, SAPG issued 
guidance on antimicrobial prescribing in secondary care. The initial phase focussed on avoidance 
of agents strongly associated with CDI. There is a potential risk associated with any antimicrobial 
stewardship programme that there is under prescribing of antibiotics with consequent increases in 
serious infections. 

The two most common causes of bacteraemias across both hospital and community settings 
are E. coli and S. aureus. E. coli and S. aureus bacteraemia data held by HPS was linked to Scottish 
Morbidity Record (SMR01) and General Resister Office (GRO) data in order to monitor trends 
in mortality associated with these common bacteraemias. By linking the datasets on cases 
of bacteraemia and mortality, and following this over time, a crude measure of the impact of 
antimicrobial prescribing policy and the potential unintended consequences related to changes in 
antimicrobial use was obtained.

This report contains baseline data for 2010; however, the aim is to monitor trends over time with 
an algorithm for investigation if rates change significantly to assess whether delays in appropriate 
prescribing are a factor.

In 2010, 3602 E. coli records were submitted to ISD to be linked to SMR01 and GRO data. Of 
these records, 3416 were successfully linked and 1389 of these patients died (40.7%). For S. aureus, 
1865 records were submitted, 1715 were linked and 829 of these patients died (48.4%). Mortality 
data included deaths by any cause (‘all cause mortality’) within a period of 30 days.
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Antimicrobial Management Integrated Database for 
Scotland (AMIDS)
Data on antibacterial use, antimicrobial resistance in key pathogens and incidence of CDI are 
routinely sourced from separate data sets held within NSS in various data marts and systems. 

Each of these data sets contains powerful information, and can be accessed by users via various 
channels, but they are not displayed in the same environment and cannot therefore not easily 
be compared. At the centre of our approach to using standardised information to support 
antimicrobial stewardship is an understanding of the need for integrated information to enable 
clinicians to improve direct patient care, and to support AMT to evaluate current interventions 
and prioritise future quality improvement measures to improve antimicrobial stewardship 
activities.

In 2011, after engagement with SAPG and other stakeholders, the Antimicrobial Management 
Integrated Database for Scotland (AMIDS) was introduced. AMIDS is a web-based application, 
which gives NHS Scotland staff instant access to combined information on antibacterial use and 
resistance, which enables the users to explore the relationship between trends in the use of 
antibacterials and the development of antimicrobial resistance and CDI. Authorised users in the 
NHS boards are able to produce tailored or standard reports showing data on antibacterial use 
together with resistance data (in bacteraemias) for key organisms. As all NHS boards’ data and 
national data are made accessible to all authorised users, the system lends itself to benchmarking 
and evaluation of interventions.

More information on AMIDS is available at http://www.isdscotland.org/

In 2013, we will continue to develop the potential to use national data repositories, through a 
collect once, use often approach to support NHS Scotland to understand more fully the intended 
and unintended consequences of defined interventions on antimicrobial resistance.

http://www.isdscotland.org/
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