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Executive summary
This is the third annual report from the Scottish Antimicrobial Prescribing Group (SAPG), 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 the period to the end of 2010, which is the second year following the 
introduction of  the antimicrobial stewardship programme in Scotland coordinated by SAPG. Interventions 
to improve quality in antimicrobial prescribing and infection management have been implemented across 
Scotland since 2008. 

The information in this report is intended to support NHS boards in evaluating interventions and quality 
improvement measures to inform future antimicrobial stewardship activities. In particular this report 
should be of relevance to Antimicrobial Management Teams (AMTs), Infection Control Teams (ICTs) and 
microbiologists.

Antimicrobial use
Information	on	the	use	of	systemic	antibacterials	in	primary	care	and	for	the	first	time	in	secondary	care	in	
Scotland is contained in this report. In primary care the main measure used is the number of prescription 
items.	Data	on	primary	and	secondary	care	use	are	also	presented	using	defined	daily	doses	(DDD)	to	enable	
comparison with other UK countries.

In 2010 the overall use of systemic antibacterials in primary care (expressed as number of items per 1000 
population per day) was 1.9% lower than in 2009, equivalent to 53,000 fewer prescriptions. This is the 
second successive year in which a small annual reduction has been observed.

A priority for SAPG since its establishment in 2008 has been to work with AMTs to develop and implement 
evidenced based prescribing policies, thus reducing inappropriate use of broad-spectrum antibacterials 
such	 as	 cephalosporins,	 fluoroquinolones,	 clindamycin	 and	 co-amoxiclav,	which	 are	 known	 to	 increase	
the risk of Clostridium difficile infection (CDI).  Reductions in use (expressed as items/1000/day) of the 
high risk antibacterials were observed from 2008 to 2010: cephalosporins 46.7%; combination penicillins 
(mainly	co-amoxiclav)	36.7%;	fluoroquinolones	26.3%.	These	changes	are	equivalent	 to	311,000	 fewer	
prescriptions for high risk antibacterials since 2008 and suggest that SAPG in collaboration with AMTs is 
having a continued positive impact on the quality of prescribing in primary care in Scotland.

New preliminary analysis of antibacterial use by age group is presented. Use in people aged 80 years 
and above was the highest at 3.71 items/1000/day. With increasing age there was an increased use of 
cephalosporins	and	fluoroquinolones.	Although	an	overall	reduction	in	the	use	of	antibacterials	associated	
with a higher risk of CDI was observed, older people who are most at risk, were more likely to be prescribed 
a high risk agent. The development of initiatives to improve the quality of antimicrobial use in older people 
should be a priority for SAPG and AMTs.

Legislation allowing prescribing by non-medical staff was introduced in 2006. There has been a steady 
growth in the number of antibacterials prescribed by non-medical prescribers since then. In total 126,812 
prescriptions were written by non-medical prescribers in Scotland in 2010. Of these 98.8% were written 
by nurses, accounting for 3.1% of total antibacterial use in primary care. In addition 367,000 prescriptions 
were issued by dentists, representing 8.4% of the total antibacterial use in primary care. This means that 1 
in 10 prescriptions for antibacterials were not written by general medical prescribers in 2010. The impact 
that non-medical prescribers and dentists have on prescribing should be considered when SAPG plan future 
antimicrobial stewardship activities. 
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In 2010 the information from the Hospital Medicines Utilisation Database (HMUD) became available. This 
has allowed preliminary analysis of antibacterial use in secondary care. Based on data from 2008-2010 
from hospitals in 10 NHS boards (covering 58% of the Scottish population) the total use of antibacterials 
associated with high risk of CDI in Scotland was 0.77 DDD/1000/day in 2010 (30.7% lower than in 2008). 
Reductions were observed in all four groups of high risk antibacterials: cephalosporins 54%; co-amoxiclav 
27%;	fluoroquinolones	26%;	clindamycin	13%.	These	data	show	that	considerable	progress	has	been	made	
toward reduction in the use of high risk antibacterials in hospitals in Scotland since SAPG was established. 

CDI incidence continued to decline in 2010. Compared to 2008, the number of cases of CDI (in persons 
aged 65 and above) has decreased by 65% in Scotland and coincides with the reduction in use of high risk 
antibacterials in both primary and secondary care in 2010.

Antimicrobial resistance 
The report contains information on antimicrobial resistance patterns in key organisms causing bacteraemia 
in humans. Antimicrobial susceptibility data covering 2010 were collected from diagnostic laboratories and 
compared with the two previous years. The susceptibility data were analysed in line with the EARS-Net (the 
European Antimicrobial Resistance Surveillance Network) protocol.

A total of 3602 cases of Escherichia coli and 715 cases of Klebsiella pneumoniae causing bacteraemia were 
reported	in	2010.	While	reporting	of	Gram-negative	bacteraemias	to	HPS	increased	significantly	from	2008	
to 2009 due to implementation of electronic reporting only minor increases in number of bacteraemias were 
observed from 2009 to 2010. 

In Scotland resistance to nearly all clinically important classes of antibiotics, including aminopenicillins, 
cephalosporins,	fluoroquinolones	and	aminoglycosides	has	been	reported	for	the	Gram-negative	bacteraemia	
isolates in recent years. Unlike the situation in Europe where increasing trends of resistance have been 
observed, resistance among Scottish isolates of Gram-negatives (E. coli, K. pneumoniae and Pseudomonas  
aeruginosa) showed, with one exception, stable or decreasing trends in the period 2008-2010.

Resistance to third generation cephalosporins among E. coli (range 7.5%-10.5%) and K. pneumoniae 
(range 9.7%-12.1%) isolates decreased or remained unchanged in Scotland in 2010. Proportions of ESBL-
producing E. coli (7.6%) and K. pneumoniae (8.3%) also remained unchanged in 2010. This is the second 
consecutive year in which cephalosporin resistance has not increased in Scotland. In comparison, increases 
in cephalosporin resistance among E. coli were reported in more than half of European countries in the same 
period.

In contrast, an upward trend in resistance to aminoglycosides was observed among E. coli. The difference 
between	 2008	 (7.3%)	 and	 2010	 (9.2%)	 was	 statistically	 significant	 (p<0.05).	 Furthermore,	 gentamicin	
resistance (8.8%) in K. pneumoniae was higher than reported for the UK as a whole (4.9%) in 2010. Since 
gentamicin is increasingly used in hospitals, as cephalosporin use has been restricted (to contain Clostridium 
difficile infection), the reported increase in gentamicin resistance is of concern. 

Increasing multidrug resistance in Enterobacteriaceae is a major concern worldwide. However, combined 
resistance	 to	 cephalosporins	 and	 either	 aminoglycosides	 or	 fluoroquinolones	 has	 decreased	 among	 the	
Scottish isolates of K. pneumoniae and P. aeruginosa, and remained stable in E. coli in the period 2008-
2010.  Proportions of multidrug resistance in E. coli and K. pneumoniae	(defined	as	resistance	to	at	least	one	
antibiotic in at least three different antimicrobial categories) remained stable compared to 2009.  

Carbapenem	resistance	was	for	first	time	reported	among	K. pneumoniae bacteraemias. A total of six isolates 
were resistant to carbapenems (meropenem) in 2010 corresponding to 1% of all recorded isolates. Whilst 
numbers	remain	small	this	is	a	significant	change	in	the	prevalence	of	resistance	(p<0.05).	The	proportion	
is	marginally	above	that	of	most	European	countries	(<1%).		
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Until 2008 reporting of carbapenemase producing organisms in Enterobacteriaceae and non-fermenters was 
rare in Scotland. An increasing number of carbapenemase-producers were reported and investigated further 
at	ARMRL	in	2009	and	2010.	To	date	a	total	of	52	Scottish	isolates	have	been	confirmed	as	carbapenemase	
producers of known phenotypes, including KPC, VIM, IMP, IMI, NDM-1 and OXA-48. 

Resistance to anti-pseudomonal antimicrobials among isolates from bacteraemias, have decreased during 
recent years and reached the lowest level of resistance since surveillance began. Resistance in the Scottish 
isolates of P. aeruginosa	(for	piperacillin-tazobactam,	cephalosporins,	aminoglycosides,	fluoroquinolones	
and carbapenems) were among the lowest in Europe in 2010.

Resistance in Gram-positive organisms is currently less of a concern in Scotland and in other countries due 
to the slower emergence of resistance in these organisms and a relatively higher availability of effective 
antimicrobial agents. The proportion of MRSA among Staphylococcus aureus bacteraemias continued to 
decrease in 2010 and reached a historical low level of 19% for the Scottish isolates. Resistance to all 
clinically important antimicrobials have remained stable or decreased among MRSA bacteraemia isolates 
over the past three years. 

An exception to the positive situation for the Gram-positive organisms is the emergence of tigecycline 
resistance among multidrug resistant enterococci. Although numbers remain small this highlights the 
importance of remaining vigilant in identifying emergent resistance in Gram-positive organisms

Despite positive developments in some areas, including the downward trends in cephalosporin resistance in 
Enterobacteriaceae and decreasing resistance to all anti-pseudomonal agents among P. aeruginosa, other 
areas remain a serious cause for concern. In particular the emergence of carbapenemases in clinical isolates 
of various species and origin, the increasing trend in gentamicin resistance in E. coli and the appearance of 
tigecycline resistance in enterococci from bacteraemias could potentially cause serious clinical problems in 
a wide range of healthcare settings. 

Containing antimicrobial resistance is a continuing problem requiring a careful balance of antimicrobial 
prescribing and infection prevention and control measures in both community and hospital settings. 
Continuous monitoring of shifts in antimicrobial resistance and emergence of resistance is essential at both 
local and national level to ensure appropriate treatment regimes are in place when infection does occur.



Scottish Antimicrobial Prescribing Group (SAPG) Report on Antimicrobial Use and Resistance in Humans in 2010 6

Introduction
This is the third 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, brings together 
activities including guidance on antimicrobial 
prescribing, surveillance and infection management, 
and links with other national programmes on infection 
prevention and control to contain the emergence of 
antimicrobial resistance. 

The report presents detailed information on 
antimicrobial use and resistance covering the period 
to the end of 2010, the second year following the 
introduction of national antimicrobial stewardship 
in Scotland.  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, and infection prevention and control. 

New to this year’s report is preliminary information on 
antimicrobial use in secondary care on agents associated 
with a high risk of Clostridium difficile infection (CDI) 
in the period 2008-2010. These data have been made 
available through the Hospital Medicines Utilisation 
Database (HMUD). Furthermore, data analysis of 
antimicrobial use in primary care has been expanded 
to	 include	stratified	results	by	age	groups	and	use	by	
non-medical prescribers.

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. In addition to the 
core surveillance data this report presents information 
on resistance in Haemophilus influenzae and Neisseria 
meningitidis causing bacteraemia and/or meningitis.

Due to the continuing threat of emerging carbapenem 
resistance in Gram-negative organisms, the chapter on 
antimicrobial resistance has been expanded to include 
an overview of Scottish carbapenemase-producing 
organisms characterised by the Antibiotic Resistance 
Monitoring and Reference Laboratory (ARMRL).

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.	Although	
preliminary at this stage, the addition of data on 
antimicrobial use in hospitals is expected to provide a 
more complete picture of the extent of implementation 

and impact of the antimicrobial stewardship 
programme in hospitals. Moreover, the implementation 
of standardised susceptibility testing and reporting of 
isolates causing bacteraemia via installation of VITEK 
2 systems has improved the quality of the antimicrobial 
resistance data. 

Although further improvements and expansions of this 
programme are necessary due to continuing problems 
with emerging resistance and lack of new available 
effective antimicrobial agents, it is apparent that the 
introduction of the Scottish antimicrobial stewardship 
programme has had a measurable impact over the past 
three years. It is important that these efforts continue in 
order to prevent further development of antimicrobial 
resistance and preserve the available antimicrobial 
agents for future use. 
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Chapter 1 — Antimicrobial 
use

Background1
The initial priority for SAPG since its establishment in 
2008 has been to work with NHS board Antimicrobial 
Management Teams (AMTs) to implement evidence 
based prescribing policies. These policies supported 
by educational materials and quality improvement 
measures aim to reduce inappropriate use of broad 
spectrum antibacterials. 

In this chapter we present information on use of 
systemic antibacterials in humans at a national level 
in Scotland. The purpose is to support the evaluation 
of current strategies and prioritise future activities 
to improve antimicrobial prescibing.  The section on 
primary care this year has been expanded to include 
preliminary information on antimicrobial use by age 
group and by non-medical prescribers. There is also a 
comparison of the pattern of use in Scotland compared 
to	other	parts	of	the	United	Kingdom.	For	the	first	time	
standardised information on use of antibacterials in 
secondary care is presented. In the future developments 
section we describe our plans for further national 
information resources on antibacterial use.

Methods1

Data source — primary care

Information on use of antibacterials in primary care has 
been obtained from a database of NHS prescriptions 
dispensed 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 which 
is responsible for the processing all prescriptions 
dispensed in Scotland. Data were obtained from 
prescriptions written by GPs, dentists and other non-
medical prescribers and those written in hospitals but 
dispensed in the community.

Data source — secondary care

Information on use of antibacterials in secondary 
care has been obtained from the Hospital Medicines 
Utilisation Database (HMUD). This new database held 
by ISD collects information from hospital pharmacy 
systems in Scotland and presents standardised 
information on use of medicines using a web-based 

system. 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 data on antibacterial use are based on the Anatomical 
Therapeutic	 Chemical	 (ATC)	 classification.	 This	 is	
the	 internationally	recognised	classification	system	to	
identify the therapeutic ingredient of medicines for 
human use. Antibacterials for systemic use fall into 
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/.

Data on antimicrobial use in primary care are presented 
using the number of items as the main measure. This 
depicts the number of times an antibacterial appears 
on a prescription. To enable international comparison, 
data on primary and secondary care use are also 
presented	 using	 defined	 daily	 doses	 (DDD).	 The	
DDD is the internationally recognised technical unit 
of measurement of medicine consumption. DDDs 
are recommended by the World Health Organisation 
(WHO) as the standard to allow comparative use of 
medicines over time and between different locations. 
The DDD is the assumed average maintenance dose per 
day for a medicine used in its main indication in adults. 
In general, the DDDs for antibacterials are based on 
their use in moderately severe infections. 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/.

The normal convention is to present information on use 
of antibacterials 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.

Time period

All data in this report are presented by calendar 
year	 except	 seasonal	 variation	 of	 fluoroquinolone	
antibacterials and the primary care prescribing 
indicators	which	are	presented	by	financial	year	(April	
to March).

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.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Hospital-Medicines-Utilisation/
http://www.whocc.no/atcddd/
http://www.whocc.no/atcddd/
http://www.whocc.no/atcddd/
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Results1

Primary care

Total use of antibacterials

In 2010 the total use of systemic antibacterials in 
primary care in Scotland was 1.9% lower than in 
2009 at 2.09 items/1000/day, equivalent to 53,000 
fewer prescription items in 2010.  The total number of 
prescriptions for antibacterials fell below 4 million in 
2010	 for	 the	 first	 time	 since	 2006.	 Figure	 1	 presents	
the total use of antibacterials since 1995 and illustrates 
there has been a second successive small annual 
reduction in the number of prescriptions for systemic 
antibacterials in 2010.

In 2010 the use of antibacterials expressed as 
DDD/1000/day was 2.0% higher than in 2009 at 20.24 
DDD/1000/day. Since 2000 there has been growth 
in use of antibacterials expressed as DDD/1000/
day (Figure 1). This increase can be explained by 
the implementation of evidence based prescribing 
guidelines which have resulted in a move towards use 
of higher doses of commonly prescribed antibacterials.

Figure 1: NHS Scotland: use of antibacterials in primary care 
1995-2010  

12.0

14.0

16.0

18.0

20.0

22.0

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

DD
D/

10
00

/d
ay

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

Ite
m

s/
10

00
/d

ay

DDD/1000/day

Items/1000/day

Year

Choice of antibacterial

The most commonly used group was penicillins 
with extended spectrum (mainly amoxicillin) which 
accounted for 29% of total use (Figure 2). Overall 
penicillins accounted for 52% of total antibacterial use 
in 2010.

Figure 2: NHS Scotland: use of antibacterials in primary 
care, items/1000/day percent of total items/1000/day in 2010

Macrolides
J01FA 13%

Tetracyclines 
J01A 10% 

Nitrofurantoin
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Other 
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Beta-lactamase
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J01CR 5%

Cephalosporins
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Sulphonamides and
Trimethoprim

J01E 11%

Beta-lactamase 
sensitive penicillins 
J01CE  7% 

Penicillins with 
extended spectrum 
J01CA  29%

In 2010, for the second successive year, reductions 
in the use (items/1000/day) of broad spectrum 
antibacterial groups associated with a high risk of 
CDI were observed (Table 1). From 2008 to 2010 
there have been reductions in: cephalosporins 46.7%; 
combination penicillins (mainly co-amoxiclav) 
36.7%;	 fluoroquinolones	 26.3%.	 	 These	 changes	 are	
equivalent to 311,000 fewer prescriptions for high risk 
antibacterials since 2008.   

Trimethoprim and nitrofurantoin are recommended by 
SAPG	for	first	line	treatment	of	urinary	tract	infections.		
The increase in nitrofurantoin observed from 2009 to 
2010 is the largest annual increase since 1993. 

Doxycycline	 is	 recommended	 by	 SAPG	 as	 a	 first	
line treatment of a number of commonly occurring 
infections in primary care such as acute bronchitis, acute 
exacerbation of chronic obstructive pulmonary disease 
and acute rhinosinusitis when use of antibacterial is 
clinically required. The increase in use of tetracyclines 
from 2008 to 2010 is as a result of increased use of 
doxycycline. 

The changes in use of antibacterials in 2010 indicate 
that SAPG, working with NHS board AMTs and the 
clinical community, is having an ongoing positive 
impact on prescribing of antibacterials in primary care 
in Scotland.
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Table 2: NHS Scotland: key national prescribing indicators, items/1000/day (percent annual change), DDD/1000/day (percent 
annual change) 2008-2010

Items/1000/day DDD/1000/day
2008 2009 2010 2008 2009 2010

Antibacterials associated with a 
higher risk of CDI (co-amoxiclav, 
fluoroquinolones, cephalosporins, 
clindamycin)

0.41 0.33 (-19.5%) 0.25 (-24.2%) 2.57 2.20 (-14.4%) 1.75 (-20.5%)

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

1.45 1.49 (2.8%) 1.58 (6.0%) 11.85 12.43 (4.9%) 13.42 (8.0%)

Primary care prescribing indicators

In 2009, SAPG in discussion with AMTs and other 
stakeholders developed a set of national prescribing 
indicators relating to use of antibacterials in primary 
care. These indicators were based on quality indicators 
proposed by the European Surveillance of Antimicrobial 
Consumption (ESAC) network. 

A report on 10 prescribing indicators relating to the 
priority areas for SAPG for 2010/11 is available at http://
www.isdscotland.org/Health-Topics/Prescribing-and-
Medicines/Publications/2011-10-25/SAPG-Primary-
Care-Prescribing-Indicators-Annual-Report-2010-11.
pdf .

Table 2 highlights the two key prescribing indicators 
from this report.  For the second successive year there 
has been a reduction in use of antibacterials associated 
with a high risk of CDI. Since 2008 there has been 
an overall reduction of 39% items/1000/day which is 
equivalent to 321,000 fewer prescriptions. Over the 

Table 1: NHS Scotland: use of antibacterials in primary care, items/1000/day (percent annual change), DDD/1000/day (percent 
annual change) by group 2008-2010

Items/1000/day DDD/1000/day
2008 2009 2010 2008 2009 2010

Tetracyclines (J01A) 0.17 0.18 (7.4%) 0.20 (10.8%) 4.77 5.09 (6.8%) 5.38 (5.7%)

Penicillins with extended spectrum 
(J01CA)

0.63 0.61 (-3.4%) 0.61 (-0.1%) 4.66 4.65 (-0.3%) 4.83 (3.9%)

Beta-lactamase sensitive penicillins 
(J01CE)

0.15 0.15 (-0.7%) 0.15 (-3.9%) 0.87 0.89 (3.0%) 0.90 (0.7%)

Beta-lactamase resistant penicillins 
(J01CF)

0.21 0.22 (4.6%) 0.23 (4.1%) 1.17 1.27 (8.1%) 1.37 (8.0%)

Penicillin combinations (J01CR) 0.16 0.14 (-14.7%) 0.10 (-25.8%) 1.19 1.05 (-11.4%) 0.82 (-22.2%)

Cephalosporins (J01D) 0.17 0.13 (-21.2%) 0.09 (-32.4%) 0.76 0.62 (-19.1%) 0.43 (-29.9%)

Sulphonamides and Trimethoprim 
(J01E)

0.20 0.22 (9.5%) 0.23 (7.0%) 1.35 1.45 (7.1%) 1.52 (5.2%)

Macrolides (J01FA) 0.27 0.27 (-0.6%) 0.27 (-0.1%) 3.26 3.35 (2.7%) 3.47 (3.6%)

Fluoroquinolones (J01MA) 0.11 0.11 (-7.1%) 0.08 (-20.7%) 0.84 0.82 (-2.6%) 0.69 (-15.2%)

Nitrofurantoin (J01XE) 0.03 0.05 (47.1%) 0.07 (49.2%) 0.34 0.46 (36.1%) 0.64 (38.5%)

Other 0.05 0.05 (3.2%) 0.05 (1.3%) 0.29 0.30 (1.7%) 0.30 (2.3%)

same time period there has been a 9% increase in the 
use of antibacterials recommended by SAPG.

In	 2009	 the	 Scottish	 Government	 defined	 a	 Health,	
Efficiency	 and	 Access	 to	 Treatment	 (HEAT)	 target	
to reduce the rate of CDI among patients aged 65 
and over by 31 March 2011. To support this target, 
an indicator that annual seasonal variation in the use 
of	fluoroquinolones	 should	 be	 no	more	 than	5%	was	
introduced (expressed as DDD/1000/day in the two 
winter quarters (October to March) relative to use in the 
preceding two summer quarters (April to September)). 
The progress made in 2009 was maintained (Figure 3). 
The negative seasonal variation means there was lower 
use in the winter quarters compared to the preceding 
summer. In 2010, 12 NHS boards met the target. 
The remaining two were marginally above the target. 
This	 improvement	 in	 quality	 of	 prescribing	 reflects	
the impact of initiatives led by AMTs to reduce the 
use	of	fluoroquinolones	 since	 the	 introduction	of	 this	
indicator.

http://www.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Publications/2011-10-25/SAPG-Primary-Care-Prescribing-Indicators-Annual-Report-2010-11.pdf
http://www.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Publications/2011-10-25/SAPG-Primary-Care-Prescribing-Indicators-Annual-Report-2010-11.pdf
http://www.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Publications/2011-10-25/SAPG-Primary-Care-Prescribing-Indicators-Annual-Report-2010-11.pdf
http://www.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Publications/2011-10-25/SAPG-Primary-Care-Prescribing-Indicators-Annual-Report-2010-11.pdf
http://www.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Publications/2011-10-25/SAPG-Primary-Care-Prescribing-Indicators-Annual-Report-2010-11.pdf
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Figure 3: NHS Scotland: use of fluoroquinolones in primary 
care, percent seasonal variation DDD/1000/day, 2006-2010

Year
-4

-2

0

2

4

6

8

10

12

14

2006 2007 2008 2009 2010

%
 d

iff
er

en
ce

 b
et

w
ee

n 
w

in
te

r 
an

d 
su

m
m

er
 u

se
 o

f f
lu

or
oq

ui
no

lo
ne

s % seasonal variation of fluoroquinolone use

Target

Antibacterial use by age group

A major development resulting from the implementation 
of the Scottish Government’s e-Pharmacy programme 
is the capture of an individual’s Community Health 
Index (CHI) number on NHS prescriptions issued in 
primary care in Scotland. This information became 
available in 2010 and has allowed preliminary analysis 
of antibacterial use in primary care by age group.

This analysis focuses on prescriptions dispensed in the 
community written by GPs, nurses and pharmacists 
in 2010, at which point 88% of prescriptions for 
antibacterials had a CHI number recorded.

With increasing age there is an increased rate of 
antibacterial prescribing (Table 3). Use of antibacterials 
in people aged 80 years and above was highest at 3.71 
items/1000/day. Use of different classes of antibacterials 
varied across age groups. Penicillins accounted for 
80% of antibacterial use in 0-4 year age group with the 
majority being for penicillins with extended spectrum 
(mainly amoxicillin). With increasing age there is 
increased	use	of	fluoroquinolones	and	cephalosporins.	
Although there is a background of overall reduction in 
use of antibacterials associated with a high risk of CDI, 
Table 3 illustrates that older people, who are more at risk 
from CDI, were more likely to be prescribed a high risk 
agent. A key priority action should be the development 
of national and local initiatives to improve the quality 
of antimicrobial prescribing in older people. 

Table 3: NHS Scotland: use of antibacterials in primary care by age group in 2010, items/1000/day and 
percentage of total for each age group

0-4 5-14 15-29 30-44 45-59 60-79 80+ All ages

Tetracyclines (J01A) 0.00 
(0.0%)

0.03 
(3.1%)

0.24 
(16.7%)

0.19 
(12.0%)

0.23 
(12.6%)

0.24 
(9.0%)

0.18 
(4.8%)

0.19 
(10.2%)

Penicillins with extended spectrum 
(J01CA)

1.09 
(60.1%)

0.40 
(37.3%)

0.30 
(20.6%)

0.42 
(26.8%)

0.53 
(29.6%)

0.76 
(29.0%)

0.80 
(21.5%)

0.53 
(29.0%)

Beta-lactamase sensitive penicillins 
(J01CE)

0.14 
(7.9%)

0.19 
(18.3%)

0.19 
(12.9%)

0.13 
(8.1%)

0.08 
(4.5%)

0.09 
(3.3%)

0.09 
(2.4%)

0.13 
(7.0%)

Beta-lactamase resistant penicillins 
(J01CF)

0.14 
(7.9%)

0.15 
(13.9%)

0.17 
(11.4%)

0.19 
(12.1%)

0.19 
(10.4%)

0.24 
(9.2%)

0.39 
(10.6%)

0.20 
(10.6%)

Penicillin combinations (J01CR) 0.07 
(4.0%)

0.04 
(4.2%)

0.06 
(3.9%)

0.08 
(5.1%)

0.09 
(5.0%)

0.13 
(5.1%)

0.18 
(4.7%)

0.09 
(4.7%)

Cephalosporins (J01D) 0.05 
(2.5%)

0.03 
(2.7%)

0.04 
(2.8%)

0.05 
(3.3%)

0.07 
(3.7%)

0.15 
(5.6%)

0.33 
(8.9%)

0.08 
(4.3%)

Sulphonamides and Trimethoprim 
(J01E)

0.09 
(5.1%)

0.07 
(6.8%)

0.14 
(9.5%)

0.14 
(9.2%)

0.18 
(9.9%)

0.34 
(13.0%)

0.80 
(21.5%)

0.20 
(11.1%)

Macrolides  (J01F) 0.21 
(11.5%)

0.13 
(11.8%)

0.20 
(13.8%)

0.21 
(13.5%)

0.25 
(14.0%)

0.34 
(12.9%)

0.33 
(8.8%)

0.24 
(12.9%)

Fluoroquinolones (J01MA) 0.00 
(0.2%)

0.01 
(0.5%)

0.03 
(2.4%)

0.06 
(3.7%)

0.08 
(4.6%)

0.14 
(5.5%)

0.20 
(5.4%)

0.07 
(3.9%)

Nitrofurantoin  (J01XE) 0.01 
(0.4%)

0.01 
(0.7%)

0.03 
(2.1%)

0.04 
(2.5%)

0.06 
(3.1%)

0.14 
(5.2%)

0.36 
(9.6%)

0.07 
(3.7%)

Other 0.01 
(0.3%)

0.01 
(0.8%)

0.06 
(3.9%)

0.06 
(3.8%)

0.05 
(2.7%)

0.05 
(2.0%)

0.06 
(1.7%)

0.05 
(2.5%)

All antibacterial use (J01) 1.81 1.06 1.46 1.55 1.79 2.62 3.71 1.84
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National audit of primary care management of 
commonly encountered infections

Current national data sources do not provide 
information on the indication for prescription of an 
antibacterial.   In response SAPG piloted a national tool 
to collect information on primary care management of 
commonly encountered infections. 

AMTs invited prescribers in primary care to participate 
in an audit. In February 2011, 99 prescribers from 
55 (5%) GP practices in 13 of the 14 NHS boards in 
Scotland collected data on consultations for infection 
for a 1 week period. A report showing the results from 
this audit is available at http://www.scottishmedicines.
org.uk/files/sapg/Pilot_of_audit_tool_for_primary_
care_management_of_commonly_encountered_
infections.pdf.

Information on 1,733 consultations for infection 
was recorded.  Acute cough/bronchitis was the most 
frequently encountered infection and accounted for 571 
(32.9%) consultations. Self-limiting upper respiratory 
tract infections (acute cough/bronchitis, pharyngitis/
sore throat, otitis media and acute rhinosinusitis) 
accounted for 1,045 (60.3%) of consultations.

In 1,184 (68.3%) consultations a prescription for an 
antibacterial was issued. There was minimal use of high 
risk antibacterials: co-amoxiclav 3.5%; cephalosporins 
1.7%;	 fluoroquinolones	 1.5%.	 The	 frequency	 of	
antibacterial prescribing for key conditions was 72.4% 
otitis media; 60.7% acute rhinosinusitis; 52.7% acute 
cough/bronchitis; 44.1% pharyngitis/sore throat 
consultations. Only 6.2% of consultations for upper 
respiratory tract infections resulted in the use of a 
delayed prescription strategy. 

There was evidence that for certain infections the 
prescribed duration of treatment was longer than 
recommended in the SAPG Management of Infection 
Guidance for Primary Care: for uncomplicated urinary 
tract infection in females 57.3% had longer than 3 
days; in patients with acute cough/bronchitis 66.0% 
had longer than 5 days.  

The results have provided national baseline information 
on quality of prescribing in a sample of prescribers 
and has informed SAPG’s work to develop a national 
indicator to reduce unnecessary prescribing for upper 
respiratory tract infections in primary care.

http://www.scottishmedicines.org.uk/files/sapg/Pilot_of_audit_tool_for_primary_care_management_of_commonly_encountered_infections.pdf
http://www.scottishmedicines.org.uk/files/sapg/Pilot_of_audit_tool_for_primary_care_management_of_commonly_encountered_infections.pdf
http://www.scottishmedicines.org.uk/files/sapg/Pilot_of_audit_tool_for_primary_care_management_of_commonly_encountered_infections.pdf
http://www.scottishmedicines.org.uk/files/sapg/Pilot_of_audit_tool_for_primary_care_management_of_commonly_encountered_infections.pdf
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Table 4: NHS Scotland: use of antibacterials by independent nurse prescribers in primary care - top 10 in 2010

Antibacterial Anatomical Therapeutic 
Classification Group Number of items % total antibacterial 

use
All antibacterials  125,252 100

Amoxicillin* Penicillins with extended spectrum 38,194 30

Flucloxacillin* Beta-lactamase resistant penicillins 20,014 16

Trimethoprim* Trimethoprim and derivatives 18,064 14

Phenoxymethylpenicillin* Beta-lactamase sensitive penicillins 14,431 12

Erythromycin* Macrolides 7,586 6

Clarithromycin* Macrolides 5,188 4

Doxycycline* Tetracyclines 4,588 4

Nitrofurantoin* Nitrofuran derivatives 4,417 4

Co-amoxiclav Penicillin combinations 3,403 3

Ciprofloxacin Fluoroquinolones 2,723 2

* recommended in SAPG Management of Infection Guidance for Primary Care as first line agents

Non-medical prescribing

In 2006 the Scottish Government announced, 
that following changes in prescribing legislation, 
appropriately	 qualified	 nurse	 and	 pharmacist	
independent prescribers would be able to prescribe any 
licensed medicine for any medical condition they are 
competent to treat. The aims of introducing independent 
non medical prescribing are to:

•	 improve the quality of service to patients without 
compromising patient safety;

•	 make it easier for patients to get the medicines 
they need;

•	 increase patient choice in accessing medicines;

•	 make better use of skills of health professionals;

•	 contribute	 to	 the	 introduction	 of	 more	 flexible	
team working across the NHS.

The introduction of non-medical prescribing has 
resulted in an increased number of healthcare 
professionals being able to prescribe antibacterials. In 
2010 there were 126,812 non-medical prescriptions for 
antibacterials dispensed in Scotland (nurse prescribers: 
125,252 (98.8%), pharmacist prescribers: 1,560 
(1.2%)). There has been a steady increase in use of 
antibacterials by nurses since 2006 (Figure 4) and in 
2010 nurses accounted for 3.1% of total antibacterial 
use in Scotland.

Figure 4: NHS Scotland: use of antibacterials by nurse 
independent prescribers, items/1000/day percent of total 
items/1000/day, 2006-2010
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In 2010, nurses used a limited range of antibacterials, 
with the 10 most commonly used accounting for 95% 
of all antibacterial use (Table 4). Of these 10, eight are 
recommended	by	SAPG	as	first	 line	 agents,	with	 the	
remaining	two,	co-amoxiclav	and	ciprofloxacin	being	
associated with an increased risk of CDI. 

The initial focus of improving the quality of prescribing 
of antibacterials in primary care in Scotland led by 
NHS board AMTs with support from SAPG has 
been a traditional model centred on engagement with 
medical prescribers in general practice. These data 
indicate	nurses	have	a	direct	and	increasing	influence	
on antimicrobial use in Scotland and they should be 
considered as part of the clinical team involved with 
antimicrobial stewardship activities and included in the 
work of SAPG and AMTs.
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Use of antibacterials in dentistry

Dental practitioners in Scotland may only prescribe 
on NHS prescriptions from a limited list of 
medicines. This includes a range of 13 antibacterials 
amoxicillin, ampicillin, azithromycin, cefalexin, 
cefradine clindamycin, co-amoxiclav, doxycycline, 
erythromycin, metronidazole, oxytetracycline, 
phenoxymethylpenicillin and tetracycline.

In 2010 there were 367,000 dental prescriptions for 
antibacterials dispensed in Scotland. This was 3.6% 
higher than in 2009 and is in contrast to total use in 
primary care where a small reduction was observed. 
Dentists accounted for 8.4% of antibacterial use in 
primary care in Scotland in 2010. The contribution to 
total use of antibacterials in Scotland by dentists should 
be considered as part of national and local initiatives on 
antimicrobial stewardship. 

UK comparison

Antimicrobial stewardship activity and surveillance 
of antimicrobial use is undertaken across the UK. The 
data on use of antibacterials in primary care in Scotland 
were compared to data provided for England, Northern 
Ireland and Wales. No other European data for 2010 
were available for comparison.

In Scotland there have been two successive small 
annual decreases in total antibacterial use, resulting in 
a 3.4% reduction since 2008 (Table 5). The reduction in 
Scotland compares favourably to other parts of the UK 
with a smaller reduction in Northern Ireland (2.7%) 
and increases in Wales (2.4%) and England (1.8%). 
In 2010, England still had the lowest level of overall 
antibacterial use in the UK. 

Since 2008 there has been a reduction (37.5%) in the use 
of high risk antibacterials in Scotland. The reduction in 

Table 5: Use of antibacterials in primary care in UK countries from 2008-2010, items/1000/day, percentage change from 
previous year and change from 2008-2010

2008 2009 2010 2008-2010

All antibacterials

Scotland 2.17 2.13 (-1.6%) 2.09 (-1.9%) -0.07 (-3.4%)
England 1.87 1.85 (-1.2%) 1.90 (3.1%) 0.03 (1.8%)
Northern Ireland 2.92 2.74 (-6.1%) 2.84 (3.7%) -0.08 (-2.7%)
Wales 2.25 2.22 (-0.9%) 2.30 (3.3%) 0.05 (2.4%)

Antibacterials 
associated with a 
higher risk of CDI

Scotland 0.45 0.38 (-15.0%) 0.28 (-26.5%) -0.17 (-37.5%)
England 0.32 0.29 (-10.7%) 0.27 (-4.7%) -0.05 (-14.9%)
Northern Ireland 0.45 0.39 (-14.9%) 0.38 (-2.7%) -0.08 (-17.2%)
Wales 0.40 0.39 (-1.8%) 0.39 (0.3%) -0.01 (-1.5%)

England - Copyright© 2011, 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

Scotland is greater than observed in other parts of the 
UK: Northern Ireland 17.2%; England 14.9%; Wales 
1.5% over the same period. In 2010, the use of high risk 
antibacterials in Scotland had reached a similar level to 
England which had the lowest use in the UK. 
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Hospital (secondary) care

In 2010 the HMUD database of use of medicines in 
hospital became available. In partnership with SAPG 
and AMTs a series of 22 standard reports presenting 
information on antimicrobial use by groups and 
individual agents were developed and made accessible 
in HMUD to provide a broad overview of antibacterial 
use in hospitals. The standard reports are intended 
to complement the information on SAPG primary 
care prescribing indicators made accessible within 
the Prescribing Information System for Scotland 
(PRISMS). 

This new national information has enabled preliminary 
analysis of antibacterial use in secondary care to be 
presented. The initial focus for SAPG in improving 
the quality of antibacterial use in secondary care 
was to reduce inappropriate use of broad spectrum 
antibacterials associated with a high risk of CDI. In 
2008, SAPG developed and issued guidance to AMTs 
targeted at hospital clinicians advising that empirical 
use	 of	 cephalosporins,	 clindamycin,	 fluoroquinolones	
and co-amoxiclav should be avoided to reduce the risk 
of CDI.

The preliminary analysis of antibacterial use in 
secondary care was based on hospitals in 10 (67%) 
of 14 NHS boards in which data were available in 
HMUD for 2008-2010, covering 58% of the Scottish 
population. 

In 2010 use of antibacterials associated with a higher 
risk of CDI in Scotland was 30.7% lower at 0.77 
DDD/1000/day than in the baseline year of 2008. There 
have been reductions in all four groups from 2008 to 
2010 (Figure 5): cephalosporins 54%; co-amoxiclav 
27%;	fluoroquinolones	26%;	clindamycin	13%.	

These preliminary data indicate that AMTs through 
implementation of SAPG prescribing guidance have 
been successful in reducing the use of high risk 
antibacterials in hospitals in Scotland.

Figure 5: NHS Scotland: use of high risk antibacterials in 
secondary care in 10 NHS boards covering 58% of population 
(DDD/1000/day) 2008-2010
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Chapter 2 — Antimicrobial 
resistance 

Background2
Resistance to antimicrobials continues to be one of 
the greatest threats to human health. Emergence of 
increasingly multidrug resistant pathogens impedes 
empirical antimicrobial therapy with implications for 
the continued delivery of healthcare. Antimicrobial 
resistance is a natural consequence of antimicrobial 
use. It complicates medical treatment and can lead 
to increased morbidity and mortality, and increased 
healthcare costs due to failure of the initial empirical 
antimicrobial therapy. The lack of new antimicrobial 
agents effective against resistant organisms requires 
active measures to minimise the spread of resistance.

Immense efforts have gone into improving the quality 
of antimicrobial prescribing and infection treatment 
in Scotland following the introduction of the national 
antimicrobial stewardship programme in 2008. 

This third annual report presents information on 
antimicrobial resistance in common pathogens causing 
bacteraemia for the period 2008-2010, which allows 
evaluation of the impact of the national stewardship 
programme on the development of antimicrobial 
resistance. The information is intended to support NHS 
boards, AMTs and ICTs in their strategic planning, 
and in implementation and evaluation of antimicrobial 
stewardship and infection control measures aimed 
at minimising the evolution and spread of resistant 
pathogens. 

The Scottish antimicrobial resistance surveillance 
programme is aligned with the EARS-Net programme 
and data analysis is modelled on the ‘Reporting Protocol, 
2010’ published by ECDC (which has replaced the 
previous EARSS protocol). 

In addition to the key organisms outlined by the EARS-
Net protocol the Scottish surveillance also now includes 
susceptibility data on Acinetobacter baumannii (causing 
bacteraemia), Haemophilus influenzae and Neisseria 
meningitidis (both causing bacteraemia and meningitis) 
due to the clinical importance of these organisms.    

Finally, we present a short summary of epidemiological 
and antimicrobial susceptibility data on C. difficile, 
on which both prudent antimicrobial prescribing and 
infection prevention and control methods have an effect.

Methods2

Susceptibility data (SIR-data)

Antimicrobial susceptibility data were extracted from 
ECOSS (Electronic Communication of Surveillance 
in Scotland, which is an electronic data link for 
microbiology laboratories to HPS). Data were obtained 
from all diagnostic laboratories in Scotland and 
participating reference laboratories (see ‘Data’ section 
below). The susceptibility data (originating from 
VITEK 2 systems and other 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) 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 
antimicrobial. 

Proportions of combined third generation cephalosporin 
and	 fluoroquinolone	 resistance,	 and	 combined	 third	
generation cephalosporin and aminoglycosides 
resistance for E. coli, K. pneumoniae, P. aeruginosa 
and A. baumannii were also calculated. These were 
calculated as the number of isolates resistant to 
ceftriaxone/ceftazidime	 and	 ciprofloxacin,	 or	 to	
ceftriaxone/ceftazidime and gentamicin, divided by 
the number of reports containing susceptibility data on 
both of the relevant antimicrobials.
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Extended	 spectrum	 β-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 (between 2009 and 2010, 
or between 2008 and 2010) 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, including Haemophilus influenzae and 
Neisseria meningitidis.

Comparison with data from other countries

At the time of writing this report national surveillance 
programmes of Sweden and Norway had published their 
2010-figures.	 From	 EARS-Net	 newest	 data	 available	
were also from 2010. The Scottish susceptibility data 
were compared to these international datasets where 
possible	to	give	context	to	our	findings.

Multidrug resistance

A recent ECDC expert proposal recommends 
standardized international terminology and 
methodology for reporting on the emergence of 
multidrug-resistant (MDR) bacteria in healthcare 
settings, which will allow worldwide comparison 
of data. We used this proposal as a framework to 
calculate the number of Scottish isolates of E. coli 
and K. pneumoniae which fall into each ‘antimicrobial 
category’ (Magiorakos et al, 2011) (see Appendix 1 for 
antimicrobial categories).

MDR	 was	 defined	 as	 ‘non-susceptibility’	 to	 at	 least	
1 agent in at least 3 antimicrobial categories. In 
this report we have defined non-susceptibility as 
resistance to a particular agent in each category (as the 
term ‘intermediate susceptibility’ is used inconsistently 
in NHS boards). Since not all isolates were tested 
against all antibiotics (and all antimicrobial categories) 
the estimated percentages of MDR given in this report 
may be under-estimates.

Data quality

All susceptibility data (except for those on C. difficile, 
H. influenzae and N. 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 (2008-2010). 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 Table 7). 

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. 

At the time of writing this report all diagnostic 
laboratories have 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). In next year’s report we will report on data 
quality for each NHS board (i.e. percentage of isolates 
tested in VITEK 2 vs. other methods) and expand the 
data analysis with minimum inhibitory concentration 
(MIC)-distributions for selected key organisms.

Data on S. aureus and S. pneumoniae provided 
by the Scottish Meticillin Resistant S. aureus 
Reference Laboratory (SMRSARL) and the Scottish 
Haemophilus, Legionella, Meningococcus and 
Pneumococcus Reference Laboratory (SHLMPRL) 
respectively, are already standardised as a consistent 
laboratory method has been applied to all Scottish 
isolates.  Likewise, standardised susceptibility data on 
C. difficile was obtained from the Scottish Salmonella, 
Shigella	and	Clostridium	difficile	Reference	Laboratory	
(SSSCDRL).

Clostridium difficile Infection (CDI) 

Calculated rates of CDI per 1000 total occupied 
bed days (for age groups 15-64 years and 65 years 
and above) for 2010, previously published by HPS, 
are presented in this report. A short summary of 
susceptibility to metronidazole and vancomycin and 
other antimicrobials tested by SSSCDRL are also 
presented. 
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Results2

Gram-negative bacteraemia

E. coli and K. pneumoniae are by far the most common 
cause of Gram-negative bacteraemia in Scotland (see 
Table 6). From 2008-2009 there was a large increase 
in reporting of bacteraemias as electronic reporting 
became established in all laboratories in Scotland. In 
2010 there were only moderate increases in the number 
of reported cases of E. coli (3.3%) and K. pneumoniae 
(6.4%) bacteraemias. 

The proportions of ESBL-producers among E. coli 
(7.6%) and K. pneumoniae (8.3%) were at the same 
level in 2010 as the previous two years.

Escherichia coli

E. coli is the most common cause of bacteraemia in 
Scotland with 3602 cases reported in 2010. Resistance 

Number of cases of bacteraemia reported (%ESBL)
E. coli K. pneumoniae P. aeruginosa A. baumannii

2008 2499 (7.2%) 512 (8.4%) 196 (0.0%) 53 (0.0%)

2009 3486 (7.5%) 672 (8.8%) 269 (0.4%) 64 (1.6%)

2010 3602 (7.6%) 715 (8.3%) 295 (0.3%) 36 (0.0%)

Table 6: Gram-negative bacteraemias in 2008-2010; number of cases according to EARS-Net definition and percentage of 
ESBL-producers

to a wide range of important antibiotic classes occurred 
frequently among the E. coli bacteraemia isolates (see 
Table 7 and Figure 6 for an overview of results). 

As in 2009, resistance to broad-spectrum penicillins 
remained high in the Scottish E. coli isolates; 64% 
for amoxicillin and 23% for co-amoxiclav although 
resistance to co-amoxiclav has decreased slightly over 
the past three years.

Resistance to piperacillin-tazobactam (tazocin) was 
considerably higher in 2010 than in 2009. However, 
problems with overcalling resistance to piperacillin-
tazobactam in VITEK 2 systems for E. coli, K. 
pneumoniae and P. aeruginosa have been reported 
by the manufacturer bioMerieux. Rises in resistance 
to piperacillin-tazobactam for these organisms may 
therefore be an artefact. No further attempt will be 
made to interpret these data until the issue has been 
resolved.

Table 7: Percentage resistance (and number of isolates tested) in E. coli and K. pneumoniae bacteraemias in 2008-2010
% Resistance (number of isolates susceptibility tested)
E. coli K. pneumoniae

2008 2009 2010 2008 2009 2010
n 2499 3486 3602 512 672 715

ampicillin 61.0  (464) 61.2  (975) 60.7 (858) i.r. i.r. i.r.
amoxicillin 60.6 (1841) 62.8 (2725) 63.7 (2802) i.r. i.r. i.r.
cefoxitin 3.2 (813) 5.7 (1977) 3.0  (2200) 5.5  (163) 4.5  (380) 5.5  (437)
aztreonam 11.5 (730) 8.3 (2014) 8.8  (2443) 16.6 (157) 10.6  (387) 11.0  (489)
co-amoxiclav 26.8  (1935) 25.4 (3053) 23.4 (3079) 13.7 (437) 10.1  (603) 9.9  (614)
cefuroxime 18.4  (1128) 16.3 (2317) 15.3 (2479) 22.3 (229) 16.3 (443) 15.7  (503)
ceftriaxone 12.1 (1658) 9.6 (2086) 10.5 (1888) 15.6 (327) 13.3 (420) 9.7 (371)
cefotaxime 14.3 (753) 10.7 (1554) 8.3 (1708) 12.4 (170) 10.8 (305) 12.1  (346)
ceftazidime 10.3 (1489) 8.1 (2685) 7.5  (2825) 12.5 (304) 9.2 (512) 9.9  (573)
gentamicin 7.3 (2305) 8.2 (3312) 9.2  (3407) 9.7 (465) 10.1 (636) 8.8 (670)
ciprofloxacin 20.0 (2191) 20.4 (3046) 22.0 (2987) 10.9 (440) 10.0 (598) 8.8  (593)
meropenem 0.0 (1459) 0.0 (2523) 0.0  (2845) 0.0 (316) 0.0 (506) 1.0 (572)
piperacillin-tazobactam 3.0 (1687) 2.9 (2169) 7.5  (2159) 7.3 (328) 3.8 (426) 7.4 (460)
trimethoprim 35.6 (891) 34.9 (2338) 37.6 (2856) 18.1 (171) 18.3 (447) 20.2  (565)
ceftriaxone/ciprofloxacin 10.5 (1550) 7.4 (1980) 8.9  (1766) 9.3 (301) 9.7 (401) 6.3 (351)
ceftriaxone /gentamicin 5.0 (1649) 3.0 (2083) 4.7  (1886) 10.2 (323) 11.0  (420) 5.9 (371)
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Resistance to most cephalosporins decreased again 
in 2010. Resistance to cefuroxime, cefotaxime and 
ceftazidime have decreased gradually from 2008-2010. 
The decrease in cefotaxime resistance from 2009 to 
2010	(from	10.7%	to	8.3%)	was	significant	(p<0.05).	
The minor increase observed in ceftriaxone resistance 
in 2010 (from 9.6% to 10.5%) was not statistically 
significant,	 and	 the	 proportion	 of	 resistance	 in	 2010	
was still below the level in 2008.

Approximately 55% of isolates resistant to second 
generation cephalosporins and 70% of isolates resistant 
to third generation cephalosporins were ESBL-
producers. This is unchanged from 2009.

No E. coli bacteraemia isolates were resistant to 
meropenem in 2010.

For the second consecutive year resistance to 
fluoroquinolones	 and	 aminoglycosides	 (here	
ciprofloxacin	 and	 gentamicin)	 increased,	 although	
confidence	intervals	overlapped	year	on	year	for	both	
agents. The change in gentamicin resistance (from 
7.3% to 9.2%) from 2008 to 2010 was statistically 
significant	(p<0.05).

Changes in gentamicin resistance is of particular 
concern as this agent replaces the use of cephalosporins 
in many clinical situations because use of the latter are 
restricted as part of the measures to reduce CDI in 
healthcare settings.

From 2009 to 2010 combined resistance to third 
generation cephalosporins (ceftriaxone) and 
fluoroquinolones	 (ciprofloxacin)	 had	 increased	 from	
7.4%	to	8.9%	(with	overlapping	confidence	intervals),	
and to third generation cephalosporins (ceftriaxone) 
and aminoglycosides (gentamicin) from 3.0% to 4.7% 
(p<0.01).	 Whilst	 the	 proportions	 for	 the	 combined	
resistances are still below the proportions reported in 
2008, this trend is of concern.

Figure 6: Antimicrobial resistance (with 95% confidence 
intervals) in E .coli isolated from blood cultures in 2008 
(n=2499), 2009 (n=3486) and 2010 (n=3602). Not all isolates 
were tested against all agents (See Table 7)
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Comparisons with other countries (E. coli)

Resistance to aminopenicillins remains high in 
Scottish bacteraemia E. coli isolates (61-64%) but lies 
within the range of that of the majority of European 
countries (46-67%). Only Norway and Sweden have 
consistently reported lower resistance proportions to 
EARS-Net	over	the	past	10	years	(<40%).	Reductions	
in aminopenicillin resistance are very rarely observed.

Resistance to third generation cephalosporins among 
the Scottish isolates (7.5%-10.5%) falls within the 
same range (5-10%) as most countries in Northern 
Europe except for Norway and Sweden who reported 
rates around 3%. The overall proportions reported for 
the UK to EARS-Net were 8-10%. The downward trend 
observed in third generation cephalosporin resistance 
among the Scottish E. coli isolates (from 2008-2010) 
is remarkable as half of the reporting countries within 
EARS-Net have reported increasing third generation 
cephalosporin resistance during the last four years.

Among the Scottish E. coli bacteraemia isolates 7.6% 
were ESBL-producers. In comparison 3% of isolates 
in Norway and Sweden were ESBL-producers. Among 
the Scottish E. coli bacteraemia isolates resistant to 
third	 generation	 cephalosporins	 70%	 were	 identified	
as ESBL-producers. This is below the levels of 10 out 
of 12 European countries where 85-100% were ESBL-
producers.

Resistance to gentamicin among the Scottish isolates 
(9.2%) was within the range of that of most European 
countries (5-10%) but higher than that of Norway and 
Sweden (4.8% and 4.5%, respectively). The overall 
proportion reported for the UK to EARS-Net was 8.3%. 
Countries in the South and East of Europe reported 
proportions of aminoglycoside resistance of 10-25% 
and increasing trends. 

Resistance	 to	 fluoroquinolones	 among	 the	 Scottish	
isolates (22%) was also within the range of that of 
most European countries (10-25%), but above the 
overall	 figure	 for	 the	 UK	 of	 17.3%.	 Resistance	 to	
fluoroquinolones	in	E. coli is a Europe-wide problem 
that no countries have been able to contain. 

Klebsiella pneumoniae

K. pneumoniae is the second most common cause of 
Gram-negative bacteraemia in Scotland with 715 cases 
reported in 2010.

Among K. pneumoniae bacteraemia isolates resistance 
was observed to all clinically important agents, 
including carbapenems (see Table 7 and Figure 7 for an 
overview of results). 
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Figure 7: Antimicrobial resistance (with 95% confidence 
intervals) in K. pneumoniae isolated from blood cultures 
in 2008 (n=512), 2009 (n=672) and 2010 (n=715). Not all 
isolates were tested against all agents (See Table 7)
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Resistance to amoxicillin is intrinsic in K. pneumoniae. 
Resistance was also observed among K. pneumoniae 
for other broad-spectrum aminopenicillin agents. In 
2010, 9.9% of K. pneumoniae bacteraemia isolates 
were resistant to co-amoxiclav which is unchanged 
from 2009 (10.1%) and below the level for 2008 
(13.7%). 

As for E. coli resistance to piperacillin-tazobactam 
increased in K. pneumoniae in 2010, but again this 
increase is most likely due to overcalling of piperacillin-
tazobactam resistance in VITEK 2 for this organism 
(see section above on E. coli for further explanation).

In 2010, resistance to cephalosporins in K. pneumoniae 
remained at (or below) levels reported in 2009. 
Although resistance to ceftriaxone decreased from 
13.3% to 9.7% from 2009 to 2010 this decrease was not 
statistically	 significant.	Minor	 increases	 in	 resistance	
to	cefotaxime	and	ceftazidime	were	not	significant	and	
were still below proportions reported in 2008.

Approximately 55% of isolates resistant to second 
generation cephalosporins and 65% of isolates resistant 
to third generation cephalosporins were ESBL-
producers. This is unchanged from 2009.

A total of six K. pneumoniae bacteraemia isolates were 
reported resistant to meropenem in 2010, corresponding 
to	1.0	%	of	all	isolates.	This	is	the	first	year	meropenem	
resistance has been reported among K. pneumoniae 
from bacteraemias. Statistical testing suggests this is a 
significant	change	in	the	prevalence	of	resistance	(p<0.05).	

Resistance	 to	 fluoroquinolones	 (ciprofloxacin)	 and	
aminoglycosides (gentamicin) decreased among K. 
pneumoniae bacteraemia isolates in 2010, although 
these	decreases	were	not	significant.	This	is	unlike	the	
situation for E. coli where resistance to these agents 
increased.

Combined resistance to third generation cephalosporins 
(ceftriaxone)	 and	 fluoroquinolones	 (ciprofloxacin)	
in K. pneumoniae also decreased in 2010 from 9.7% 
to	 6.3%	 (with	 overlapping	 confidence	 intervals),	 and	
to third generation cephalosporins (ceftriaxone) and 
aminoglycosides (gentamicin) from 11 % to 5.9 % 
(p<0.05).	For	both	combined	resistance	types	these	are	
the lowest resistance proportions observed in the past 
three years.  

Comparisons with other countries (K. 
pneumoniae)
Resistance to third generation cephalosporins among 
the Scottish K. pneumoniae isolates (9.7-12.1%) falls 
within the range of most countries in Northern Europe 
(including the UK with 8-12%) except for Norway 
and Sweden that reported rates in the range of 2-3%. 
In comparison, Greece and its neighbouring countries 
Bulgaria and Romania reported over 70% resistance to 
third generation cephalosporins. 

Among the Scottish K. pneumoniae bacteraemia 
isolates resistant to third generation cephalosporins 
65%	were	identified	as	ESBL-producers.	As	for	E. coli 
this is below the levels for most countries that report 
to EARS-Net (75-100%). This difference could either 
be due to difference in circulating strains between 
countries or under-ascertainment of ESBL-production 
among the Scottish isolates.

Resistance to gentamicin among the Scottish isolates 
(8.8%) was higher than the overall proportion of 4.9% 
reported for all of the UK to EARS-Net in 2010. 
Although a small decrease in gentamicin resistance 
from 2009 to 2010 was reported for the Scottish 
K. pneumoniae bacteremias (from 10.1% to 8.8%), 
this	did	not	match	 the	 significant	decreasing	 trend	 in	
the overall UK resistance proportions that has been 
observed from 2007 to 2010 (from 8.5% to 4.9%). 
Compared to the rest of Europe gentamicin resistance 
among K. pneumoniae is generally low in Scotland and 
the rest of the UK.

Resistance	 to	 fluoroquinolones	 among	 the	 K. 
pneumoniae Scottish isolates (8.8%) was within the 
same range as reported for the rest of the UK (6-10%), 
which is among the lowest levels in Europe.

The proportion of meropenem resistant K. pneumoniae 
among the Scottish bacteremia isolates (1.0%) was 
marginally above that of most of the European countries 
(<1%).	In	Greece,	in	which	carbapenemase	producing	
Klebsiella pneumoniae (KPC) are endemic, 49% of 
isolates were carbapenem resistant in 2010. 
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While multidrug resistance in K. pneumoniae is an 
increasing problem in many European countries (and 
worldwide) it is remarkable that combined resistance to 
third generation cephalosporins and aminoglycosides, 
and to third generation cephalosporins and 
fluoroquinolones	 both	 are	 showing	 downward	 trends	
among the Scottish isolates. Multidrug resistance in 
Enterobacteriaceae will continuously be monitored 
in Scotland using the ECDC proposal for standard 
definitions	for	acquired	resistance	(Magiorakos,	2011).

Pseudomonas aeruginosa
A total of 295 cases of P. aeruginosa bacteraemia were 
reported in 2010. P. aeruginosa is intrinsically resistant 
to a broad range of antimicrobials. 

Resistance to anti-pseudomonal agents, including 
cephalosporins,	 carbapenems,	 fluoroquinolones,	
aminoglycosides and piperacillin-tazobactam has 
been observed throughout the period 2008-2010 (for 
an overview of susceptibility results, see Table 8 and 
Figure 8).  

Resistance to ceftazidime decreased compared to the 
two previous years. Although the decrease from 8.9% 
in	2009	to	4.9%	in	2010	was	not	statistically	significant.

Resistance to piperacillin-tazobactam also decreased 
from 9.8% in 2009 to 6.6% in 2010, but the decrease 
was	not	statistically	significant.	However,	as	mentioned	
previously susceptibility results from VITEK 2 for 
piperacillin-tazobactam may also be inaccurate for P. 
aeruginosa.

Resistance to aminoglycosides (gentamicin) and 
carbapenems (meropenem) also decreased in 2010 
compared	 to	2009.	The	changes	were	not	 significant.	

For carbapenems this was the second consecutive year 
reductions were observed. 

Resistance	 to	 fluoroquinolones	 had	 increased	 from	
6.6% to 8.0% from 2009 to 2010, although not a 
significant	 increase,	and	still	below	the	 level	of	2008	
(11.8%).

Combined resistance to third generation cephalosporins 
(ceftazidime)	 and	 fluoroquinolones	 (ciprofloxacin)	
decreased	from	2.8%	in	2009	to	0.4%	in	2010	(p<0.05),	
and to third generation cephalosporins (ceftazidime) 
and aminoglycosides (gentamicin) from 0.9% in 2009 
to	0.4%	in	2010	(not	significant).	

Multidrug	 resistance	 (defined	as	 resistance	 to	at	 least	
3 categories of anti-pseudomonal antimicrobials) was 
detected in four P. aeruginosa isolates (corresponding 
to 1.4% of the isolates). None of the isolates were 
resistant to all 5 tested antimicrobial categories. 

In conclusion, resistance to clinically important agents 
with anti-pseudomonal activity has reached the lowest 
level since 2008. 

Comparisons with other countries (P. 
aeruginosa)

Resistance to third generation cephalosporins (4.9%) 
among the Scottish isolates were within the same range 
as	 that	 of	 all	 of	 the	UK	 (<5%),	which	 is	 among	 the	
lowest levels of resistance in Europe.

Resistance to aminoglycosides (2.1%) and 
fluoroquinolones	 (8.0%)	 were	 also	 both	 within	
the ranges reported for all of the UK, while that of 
carbapenem resistance (3.6%) was below that of the 
UK (6.5%) and most other countries that reported to 
EARS-Net.

Table 8: Percentage resistance (and number of isolates tested) in P. aeruginosa and A. baumannii bacteraemias in 2008-
2010

% Resistance (number of isolates susceptibility tested)
P. aeruginosa A. baumannii

2008 2009 2010 2008 2009 2010
n 196 269 295 53 64 36

ceftazidime 8.3 (133) 8.9 (214) 4.9 (244) 20.0 (30) 22.2 (45) 13.0 (23)

gentamicin 2.3 (171) 2.4 (254) 2.1 (282) 6.8 (44) 1.7 (60) 3.3 (30)

ciprofloxacin 11.8 (161) 6.6 (244) 8.0 (275) 22.0 (41) 1.8 (55) 0.0 (28)

meropenem 5.3 (114) 4.7 (192) 3.6 (249) 0.0 (33) 0.0 (45) 0.0 (24)

piperacillin-tazobactam 8.3 (133)  9.8 (183)  6.6 (198) 12.1  (33) 17.8 (45) 19.0 (21)

ceftazidime/ciprofloxacin 2.4 (127) 2.8 (211) 0.4 (244) 10.3 (29) 2.3 (44) 0.0 (23)

ceftazidime/gentamicin 0.8 (133) 0.9 (214) 0.4 (242) 3.4 (29) 2.2 (45) 0.0 (23)
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Figure 8: Antimicrobial resistance (with 95% confidence 
intervals) in P. aeruginosa isolated from blood cultures in 
2008 (n=196), 2009 (n=269) and 2010 (n=295). Not all 
isolates were tested against all agents (See Table 8)
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Acinetobacter baumannii

A total of 36 isolates of A. baumannii causing 
bacteraemia were reported in 2010. In comparison 53 
isolates were reported in 2008, and 64 in 2009 (see 
Table 8 for susceptibility results). High proportions of 
resistance to ceftazidime (13-22%) and piperacillin/
tazobactam (12-19%) were observed throughout the 
period 2008-2010. Resistance to these and other agents 
varied considerably with time.

Multidrug resistance

Using	 the	 ECDC	 proposal	 for	 standard	 definitions	
of acquired resistance (Magiorakos, et al, 2011), the 
number (and percentage) of antimicrobial categories 
in which resistance was detected to at least one agent 
was determined for the Scottish isolates (see Appendix 
1). The Scottish E. coli isolates were tested against 
agents representing up to 12 of the recommended 
antimicrobial categories, while the K. pneumoniae 
isolates were tested against agents representing up to 
11 of the recommended antimicrobial categories (note 
that not all isolates were tested against all agents, see 
Table 7 for number of isolates tested). 

For E. coli resistance was detected in up to 9 
antimicrobial categories (Figure 9). In total 17.5% of 
all the Scottish E. coli bacteraemia isolates from 2010 
could be categorised as MDR. In 2009, 16.6% of the 
isolates were categorised as MDR. The increase in 
MDR	from	2009	to	2010	was	not	significant.

For K. pneumoniae resistance was also detected in up to 
9 antimicrobial categories, while 11.9% of all isolates 
could be categorised as MDR in 2010 compared with 
10.3%	in	2009.	The	increase	was	not	significant.	One	
more antimicrobial category has been added for K. 
pneumoniae since the draft version of the proposal that 
was used in last year’s report. 

No Scottish isolates could with certainty be categorised 
as	pandrug	resistant	(PDR),	classified	as	resistance	to	all	
categories on the ECDC list. However, three isolates of 
K. pneumoniae, with resistance reported to 9 out of 11 
antimicrobial categories, could possibly be extensively 
resistant (XDR) but would need to be tested against all 
agents on the ECDC list representing all antimicrobial 
categories	for	confirmation.	

Figure 9: Percentage of E. coli and K. pneumoniae isolates 
resistant to number of antimicrobial categories
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Carbapenem resistance in Enterobacteriaceae 
and non-fermenters

Emergence of carbapenemase producing 
Enterobacteriaceae has been recognised as a 
significant	 risk	 to	 public	 health	 in	 Europe	 (ECDC,	
2010). Until 2008, reporting of carbapenemase 
producing organisms was rare in Scotland. However, 
an increase in the frequency of reporting of carbapenem 
resistance in mainly urine and blood isolates, followed 
by	 confirmatory	 typing	 reports	 from	 ARMRL	 in	
2008, prompted the introduction of surveillance of 
carbapenemases in Scotland. 

Since 2003 a total of 52 Scottish isolates (to date 
of preparing this report) of  Enterobacteriaceae 
and non-fermenters (Pseudomonas aeruginosa and 
Pseuodomonas fluorescens)	 have	 been	 confirmed	 to	
be carbapenemase producers of known phenotypes, 
including KPC (n=19), VIM (19), IMP (7), IMI (1), 
NDM-1 (1) and OXA-48 (5), (see Figure 10). 

The majority (35/52) of the carbapenemase producers 
were Enterobacteriaceae. Among those, ten isolates 
were K. pneumoniae carbapenemase producers (KPC) 
and another nine isolates of Enterobacter also produced 
KPC. 

The	five	OXA-48	producing	isolates	identified	in	2010	
and 2011 included organisms of E. coli (2), Enterobacter 
(1) and K. pneumoniae (2) all isolated from the same 
patient	 at	 different	 points	 in	 time	 from	five	 different	
specimens over a period of eight months, suggesting 
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that this patient was colonised with carbapenemase 
producing organisms that may have exchanged genetic 
material between different species and/or strains of 
these. 

Unlike the rest of the UK where NDM-1 producing 
organisms have been reported in a number of species 
and locations since 2008, only a single isolate of NDM-
1 producer (in an isolate of Citrobacter freundii) has 
been reported in Scotland to date. This patient had not 
been travelling prior to the episode of illness during 
which the isolate was obtained.

Among the non-fermenters 12 Scottish isolates of 
Pseudomonas aeruginosa were reported to produce 
VIM. 

Figure 10:  Phenotypes of carbapenemase-producing   
Enterobacteriaceae and non-fermenters in Scotland  
in the period 2003-2011* 
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Emergence of ESBL-producers with reduced 
permeability to carbapenems and other last 
resort antimicrobials – a potential threat to 
public health

Acquired carbapenem resistance, conferred by 
different carbapenem degrading enzymes, has 
gradually started to appear in clinical isolates 
of Enterobacteriaceae and other Gram-negative 
organisms in the UK and other countries across the 
world.  The rapid worldwide spread of these resistance 
conferring enzymes (including KPC, NDM-1, VIM, 
IMP, IMI and OXA-48) is due to genetic elements 
carried on plasmids, and transferred between bacteria 
of	 the	 natural	 human	 gut	 flora	 and	 pathogenic	
bacteria. Most pathogenic organisms producing 
these enzymes also produce ESBL and are resistant 
to multiple other antimicrobial agents. Due to the 
high clinical risk associated with these multidrug 
resistant organisms huge efforts now go into 
detecting and further characterising clinical isolates 
which are suspected carbapenemase producers. An 
elevated	MIC	(of	≥1	mg/L	to	imipenem/meropenem/
ertapenem) prompts laboratories to subject certain 
isolates	 to	 further	 phenotypic	 tests	 to	 confirm	 the	
presence of carbapenemases. 

However, in some cases reduced susceptibility to 
carbapenems may not be related to the production 
of carbapenemases but is a result of a combination 
of a range of resistance mechanisms, including 
ESBL-production and reduced permeability to 
carbapenems and other antimicrobials. Although 
not fully resistant to the most potent agents (e.g. 
carbapenems, colistin and tigecycline) these strains 
may still pose a clinical problem, particularly in frail 
and immuno-compromised patients, as carbapenems 

and other last resort antimicrobials may not be fully 
effective in treating these infections.

To date, one cluster of four multidrug resistant 
K. pneumoniae ESBL-producers (CTX-M) with 
reduced cell membrane permeability has been 
reported from a haematology unit in a Scottish 
hospital.  Three of the patients, which were carriers 
identified	through	faecal	screening,	were	in	the	same	
room as a previously infected patient.  

The latest clinical isolates had MIC-values for 
colistin which exceeded 16 mg/L. Comparison 
with an earlier isolate (from one patient) showed 
that the MIC-value for colistin had increased 
following treatment with this agent. Resistance to 
colistin is caused by a chromosomal mutation and 
is usually associated with changes in the bacterial 
lipopolysaccharides (LPS) which alter the net cell 
membrane charge and thereby reduce binding and 
uptake of colistin and possibly other antimicrobial 
agents. Although, carbapenem susceptibility 
remained	high	 (MICimipenem	≤	1	mg/L)	 it	was	 a	
serious concern that carbapenems would not have 
been fully clinically effective due to the changes 
in permeability of the colonising strains if further 
treatment would have been necessary.  

Reduced permeability in carbapenem-non 
susceptible isolates which are not carbapenemase 
producers  is not well documented in the literature, 
but there is some evidence of reduced expression of 
outer membrane proteins (including OmpK35) in 
combination with either ESBL or AmpC production 
causing reduced susceptibility to carbapenems 
(Vicente and Luis, 2001, Chudácková E, et al. 2010).
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Gram-positive bacteraemia

Reporting of S. aureus and S. pneumoniae bacteraemia 
data to HPS comes directly from the SMRSARL 
and SHLMPRL respectively. 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 is de-duplicated according to 
the	EARS-Net	definition	and	as	such	differs	to	the	HPS	
Scottish S. aureus bacteraemia surveillance programme 
where	a	 two-week	episode	definition	 is	applied.	Data	
pertaining to Enterococcus spp. is submitted to HPS 
from the Scottish NHS diagnostic laboratories via 
ECOSS. 

An overview of reported Gram-positive bacteraemias 
in the period 2008-2010 is given in Table 9.

Number of cases of bacteraemia reported
Enterococcus sp. S. aureus S. 

pneumoniae
All E. faecalis E. faecium All MRSA MSSA

2008 648 379 269 1846 605 1241 607

2009 702 447 255 1826 478 1348 579

2010 627 397 230 1627 310 1317 479

Table 9: Gram-positive bacteraemias in 2008-2010; number of cases as per EARS-Net definition

Table 10: Percentage resistance in Gram-positive bacteraemias 2008-2010. All isolates were susceptibility tested
% Resistance 

E. faecalis E. faecium MRSA MSSA S. pneumoniae
2008

n=379
2009

n=447
2010

n=397
2008

n=269
2009

n=255
2010

n=230
2008

n=605
2009

n=478
2010

n=310
2008

n=1241
2009

n=1348
2010

n=1317
2008

n=607
2009

n=579
2010

n=479

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

ciprofloxacin - - - - - - 96.0 91.0 94.5 7.1 7.4 6.5 1.0 1.2 0.8

clindamycin - - - - - - 32.1 33.3 24.2 0.9 2.8 0.9 - - -

erythromycin - - - - - - 76.8 72.0 68.4 10.5 9.3 9.5 3.1 2.4 4.0

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

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

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

linezolid - - - - - - 0.0 0.0 0.0 0.0 0.0 0.0 - - -

mupirocin  
(high level)

- - - - - - 5.3 6.3 3.1 0.3 0.1 0.2 - - -

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

rifampicin - - - - - - 2.5 2.3 1.3 0.1 0.1 0.3 - - -

teicoplanin - - - - - - 0.0 0.0 0.0 0.0 0.0 0.0 - - -

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

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

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

vancomycin 0.3 0.9 0.5 16.7 27.8 23.5 0.0 0.0 0.0 0.0 0.0 0.0 - - -

Staphylococcus aureus

The total number of recorded cases of S. aureus 
bacteraemia in 2010 was 1627. The net change in the 
numbers of S. aureus is caused by a relative decrease 
in MRSA, a phenomenon which is not mirrored in the 
numbers of MSSA being reported. The total number of 
cases in 2010 is lower than the total number of cases 
reported in 2008 (1846) and 2009 (1826). In 2010, 
19.1% of cases were attributable to MRSA compared 
to 32.8% in 2008 and 26.2% of cases in 2009. 

Meticillin sensitive S. aureus (MSSA)

The number of reported MSSA bacteraemias in 
2010 was 1317. This is an increase in the number of 
reported cases compared to 2008 (1241) but lower than 
the numbers reported in 2009 (1348). Antimicrobial 
susceptibility of MSSA remains similar to that observed 
in	 2008	 and	 2009	 (with	 the	 majority	 of	 confidence	
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intervals overlapping). There were two notable 
exceptions in 2008, where unusual high proportions 
of resistance to fusidic acid and trimethoprim were 
reported. However, further investigations demonstrated 
that the increase in susceptibility to these drugs in the 
following years (2009-2010) could be explained by 
improved antimicrobial susceptibility testing methods 
(namely the transition from VITEK 1 to VITEK 2 at the 
SMRSARL).  In 2010, the highest resistance proportions 
were	 reported	 for	erythromycin	 (9.5%),	ciprofloxacin	
(6.5%), tetracycline (5.9%) and trimethoprim (3.1%). 
There are no available international comparisons. An 
overview of the susceptibility results can be found in 
Table 10 and Figure 11. 

Figure 11: Antimicrobial resistance (with 95% confidence 
intervals) in MSSA isolated from blood cultures in 2008 
(n=1241), 2009 (n=1348) and 2010 (n=1317)
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Meticillin resistant S. aureus (MRSA)

The numbers of MRSA bacteraemias being reported 
to HPS has fallen year on year from 605 (32.8%) in 
2008 to 310 (19.1%) in 2010. The highest resistance 
proportions	 were	 reported	 for	 ciprofloxacin	 (94.5%),	
erythromycin (68.4%), clindamycin (24.2%) and 
trimethoprim	(16.8%).	There	was	no	significant	change	
in resistance to any of these antimicrobials from 2008 to 
2010. There are no available international comparisons 
to the aforementioned antibiotics. 

An overview of the Scottish susceptibility results can 
be found in Table 10 and Figure 12.

Figure 12: Antimicrobial resistance (with 95% confidence 
intervals) in MRSA isolated from blood cultures in 2008 
(n=605), 2009 (n=478) and 2010 (n=310)
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Comparisons with other countries (S. aureus)

Prior to 2010 UK proportions of MRSA were 
comparable to those of Southern European countries. 
In 2010, the proportion of MRSA in Scotland (19.1%) 
was at the same level as that of the UK (21.6%) 
reported to EARS-Net. A sustained downward trend in 
the proportion of MRSA has been reported for Scotland 
and the UK as a whole in the period 2008-2010. The UK 
is	among	seven	European	countries	with	significantly	
decreasing trends.

Streptococcus pneumoniae

The number of reported cases of S. pneumoniae 
bacteraemias in 2010 was 479. Resistance proportions 
to	 ciprofloxacin,	 erythromycin	 and	 penicillin	 were	
0.8%, 4.0% and 0.6% respectively. An overview of the 
Scottish susceptibility results can be found in Table 10 
and Figure 13. 

Comparisons with other countries  
(S. pneumoniae)

In 2010, resistance to macrolides (erythromycin) 
among the Scottish S. pneumoniae isolates (4.0%) 
was similar to the UK proportion (4.4%) reported to 
EARS-Net, and to that of Norway (4.0%) and Sweden 
(3.8%). This compares favourably with the rest of 
Europe with a large number of countries reporting 
resistance proportions in the range of 5-50%. The UK 
has	 demonstrated	 a	 significant	 decreasing	 trend	 in	
macrolide resistance among S. pneumoniae reported to 
EARS-Net in the period 2007-2010. 

Resistance to penicillin among the Scottish S. 
pneumoniae isolates (0.6%) was also similar to that 
reported for the UK (0.7%) to EARS-Net in 2010. 
The penicillin resistance proportions reported for the 
Scottish (and the UK) isolates of S. pneumoniae were 
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among the lowest in Europe in 2010 where many 
countries reported proportions above 5% (and up to 
33%). A downward trend in penicillin resistance (from 
1.6-0.7%) has been observed in the UK from 2007 to 
2010.

Figure 13: Antimicrobial resistance (with 95% confidence 
intervals) in S. pneumoniae isolated from blood cultures in 
2008 (n=607), 2009 (n=579) and 2010 (n=479)
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Serotype distribution

With the introduction of the PCV7 and Prevenar 13® 
vaccines 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 most common serotypes in Scotland in 2010 were 
19A (14.0%), 7F (13.4%), 22F (9.8%), 3 (9.0%) and 
8 (8.1%). All of these serotypes (with the exception 
of 22F and 8) are contained within the Prevenar 13® 
vaccine and it is anticipated that these serotypes will 
reduce in numbers in 2011 with the continued uptake of 
the vaccine. The frequent ‘classic’ resistant serotypes 
6B, 14, 19F and 23F covered by PCV7 account for 
0.6%, 1.0%, 1.5% and 1.5% of the Scottish serotypes 
in 2010. Serotypes 22F and 8, whilst not covered by the 
vaccines,	remain	sensitive	to	cefotaxime,	ciprofloxacin,	
erythromycin,	moxifloxacin	and	penicillin.	

Comparisons with other countries (serotypes)

In Europe, 2010, serotypes 19A and 1 were the most 
prevalent (each accounting for 13 % of the isolates), 
followed by serotype 7F (11 %), serotype 3 (8 %), 
serotype 12F (6 %) as well as serotypes 22 and 6 (both 
at 5 %).

The most common Scottish serotypes (accounting for 
2% or more of all Scottish serotypes) can be found in 
Figure 14. 

Figure 14: Distribution of S. pneumoniae serotypes (%), 
2010

Pe
rc

en
ta

ge

0

2

4

6

8

10

12

14

16

19A 7F 22F 3 8 1 12F 11A 9N 33F 15A 6A
Serotype

Enterococcus spp.

The total number of E. faecalis and E. faecium 
isolates from bacteraemias reported in 2010 were 397 
and 230 respectively. The proportion of E. faecalis 
isolates resistant to vancomycin remained below 1%. 
Vancomycin resistance in E. faecium	has	fluctuated	in	
the past three years from 16.7% in 2008, to 27.8% in 
2009 and 23.5% in 2010. (see also Table 10 and Figure 
15 and 16).

Comparisons with other countries (Enterococcus 
spp.)

Resistance to vancomycin among the Scottish isolates 
of E. faecium (23.5%) was well above that of the 
UK isolates (10.4%) reported to EARS-Net in 2010, 
and has not followed the downward trend in the UK 
isolates observed in 2008-2010. In comparison most 
other countries reporting to EARS-Net reported 
vancomycin resistance proportions below 5% in 2010. 
The majority of countries in Europe also reported 
decreasing vancomycin resistance in the period 2008-
2010, with the exception of Ireland, that reported 
increasing proportions (from 34.6% to 38.8%) in 
this period. No EARS-Net data were available for E. 
faecalis vancomycin resistance.

Figure 15: Antimicrobial resistance (with 95% confidence 
intervals) in E. faecalis isolated from blood cultures in 2008 
(n=379), 2009 (n=447) and 2010 (n=397)
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Figure 16: Antimicrobial resistance (with 95% confidence 
intervals) in E. faecium isolated from blood cultures in 2008 
(n=269), 2009 (n=255) and 2010 (n=230)
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Emergence of tigecycline multidrug resistant 
Enterococcus faecium

Enterococci are a leading cause of healthcare 
associated bacteraemia, wound infection and urinary 
tract infection. The ability of enterococci to colonise 
the gastrointestinal tract of humans for long periods is 
an	important	factor	that	influences	the	development	
of drug resistance. The gastrointestinal tract acts 
as a reservoir for the transmission and spread of 
antibiotic resistance determinants and this is of 
particular concern in a healthcare setting. There are 
over 17 species within the genus of Enterococcus. 
Whilst	many	are	classified	as	low	grade	pathogens,	
Enterococcus faecium in particular has emerged as a 
multidrug resistant organism that presents clinicians 
with limited options for treatment. The majority of E. 
faecium isolates are now resistant to ampicillin and 
an increasing proportion of isolates are exhibiting 
glycopeptide (vancomycin) resistance and high 
level aminoglycoside (gentamicin) resistance. More 
recently resistance to the glycylcycline tigecycline 
has emerged. 

Enterococci have low susceptibility to many beta-
lactam	 antibiotics	 as	 a	 result	 of	 their	 low	 affinity	
penicillin binding proteins (PBPs), production of 
beta-lactamase or more commonly in E. faecium, 
the overproduction of PBPs (particularly PBP5) 
causing high level penicillin resistance. Ampicillin 
resistance in E. faecium	has	increased	significantly	
in the last few years due to the extensive spread of 
the polyclonal subcluster CC17. 

The	 first	 vancomycin	 resistant	 enterococci	 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, which remain teicoplanin 
susceptible, have emerged. Strains with constitutive 
low-level vancomycin have also been isolated. 

Enterococcus spp. also have intrinsic low-level 
resistance to aminoglycosides due to poor uptake. 
The degree of resistance varies between different 
aminoglycosides, however, some enterococci can 
display high level aminoglycoside resistance due 
to the transferable plasmid mediated production 
of aminoglycoside-modifying enzymes (AMEs). 
The bi-functional enzyme AAC(6’)APH(2”) is 
usually the enzyme involved in mediating high level 
gentamicin resistance in enterococci. 

Tigecycline,	the	first	glycylcycline	to	be	developed,	
is	 a	 tetracycline	 analogue.	 It	was	first	 licensed	 for	
use in the United States in June 2005 and approved 
for restricted use in the UK in June 2006.  It has 
activity against a range of Gram-positive and Gram-
negative organisms including MRSA, enterococci, 
Enterobacteriaceae and Acinetobacter spp. and is 
considered a ‘last resort antimicrobial’ that can be 
used	 to	 treat	 infection	 not	 responding	 to	 any	first-
line agents. Combined enterococcal resistance to 
both tigecycline and vancomycin remains a rare 
occurrence. However, HPS has received a total of 
10 reports of these types of E. faecium isolates since 
2007 with 50% of these occurring in 2011. It is 
essential that we continue to monitor this emerging 
issue and ensure prudent antimicrobial prescribing. 
Clinical studies assessing new strategies, including 
combination therapies, to treat severe multidrug 
resistant enterococcal infections are urgently needed.
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Haemophilus influenzae

A total of 48 Haemophilus influenzae blood and CSF 
specimens were reported by diagnostic laboratories 
in Scotland in 2010 (see Table 11). Resistance to 
ampicillin was 28.9% which is similar to that reported 
in 2008 (26.5%) and 2009 (30.2%). Resistance to 
tetracycline was 3.1%, compared with no resistance 
reported in 2008 or 2009. As with previous years, there 
was	no	reported	resistance	to	ciprofloxacin.	

Neisseria meningitidis

A total of 55 Neisseria meningitidis blood and CSF 
specimens were reported by diagnostic laboratories 
in Scotland in 2010 (see Table 11). No resistance was 
reported	 to	 cefotaxime,	 ceftriaxone,	 ciprofloxacin,	
penicillin or rifampicin. 

Clostridium difficile Infection (CDI)

CDI	 in	 patients	 aged	 ≥65	 years	 continued	 to	 decline	
throughout 2010 (See Figure 17). Following the 
introduction of SAPG in 2008 this is the third 
consecutive year in which a decline in CDI incidence 
is reported.  Compared to 2008, the number of cases 
dropped 65% (from 6325 to 2219) and the overall rate 
for Scotland decreased by 64% (1.23 to 0.44) in this 
age group.

The mandatory surveillance of CDI was expanded in April 
2009 to include the younger age group of 15-64 years. 
Trends in this group have mostly been declining since 
monitoring	began,	mirroring	that	of	the	≥65	year-group.	

Overall incidence rates in both age groups have 
declined	significantly	between	2009	and	2010	(Figure	
17	shows	the	≥65	year	group).	

Table 11: Percentage resistance (and tested isolates) in H. influenzae and N. meningitidis 2008-2010
% Resistance  (number of isolates susceptibility tested)

H. influenzae N. meningitidis
2008 2009 2010 2008 2009 2010

n 47 72 48 68 87 55
ampicillin 26.5  (34) 30.2  (53) 28.9  (38) --- --- ---
cefotaxime --- --- --- 0.0  (11) 0.0  (26) 0.0  (12)
ceftriaxone --- --- --- 0.0  (12) 0.0  (24) 0.0  (15)
ciprofloxacin 0.0  (24) 0.0  (43) 0.0  (27) 0.0  (11) 0.0  (27) 0.0  (19)
penicillin --- --- --- 0.0  (20) 0.0  (42) 0.0  (20)
rifampicin --- --- --- 5.3  (19) 0.0  (37) 0.0  (21)
tetracycline 0.0  (16) 0.0  (47) 3.1  (32) --- --- ---

Figure 17: Overall quarterly CDI incidence rates for Scotland 
in patients aged ≥65 years old (October 2006-December 
2010)
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Since November 2007 (until June 2011) a total of 2382 
isolates have been typed by the Scottish Salmonella 
Shigella	and	Clostridium	difficile	Reference	Laboratory	
(SSSCDRL) referred as either severe cases and/or 
suspected outbreaks.

Ten ribotypes predominate in Scotland (106, 001, 027, 
015, 002, 005, 023, 014, 078 and 020) accounting for 
>80% of isolates typed under this scheme. Previous 
predominant ribotypes 001, 027 and 106 continuously 
declined throughout 2009 and 2010.

To date, all typed isolates have been susceptible to 
metronidazole and vancomycin, while the majority of 
isolates were resistant to third generation cephalosporins 
and	 clindamycin.	 Overall	 fluoroquinolone	 resistance	
decreased remarkably during 2009-2010 as the 
prevalence of ribotypes 001, 027 and 106 declined.



Scottish Antimicrobial Prescribing Group (SAPG) Report on Antimicrobial Use and Resistance in Humans in 2010 29

Chapter 3 — Future 
developments 
In 2012/13 HPS/ISD will continue to develop 
information resources to support SAPG and AMTs to 
enable a more detailed understanding of antibacterial 
use and resistance across all sectors of healthcare in 
Scotland.

Building on the information arising through 
implementation of the Scottish Government’s 
e-Pharmacy programme the enriched data on primary 
care antibacterial use will allow further analysis by 
gender, deprivation and setting (including care homes). 
This will support development of a better understanding 
of	 antibacterial	 use	 in	 primary	 care	 and	 refine	 areas	
for quality improvement at national and local level. 
We will make the national audit tool for management 
of commonly encountered infections accessible to 
all prescribers to drive quality improvements in 
prescribing and infection management. In addition 
SAPG will develop a national quality indicator to 
support reductions in use of antibacterials in self-
limiting upper respiratory tract infections.

In 2012/13 we will further develop the surveillance of 
antibacterial use in secondary care using information 
from HMUD. We will work with AMTs to review 
the national standard reports on antibacterial use in 
hospitals to ensure they are aligned with national and 
clinical priority areas.  We will also present a more 
comprehensive analysis of antibacterial use in Scottish 
hospitals in the next annual report.

Currently data on antimicrobial use in primary and 
secondary care, antimicrobial resistance and CDI are 
sourced from separate data sets. Each of these data 
sets contains powerful information but they cannot 
easily be analysed together. In 2012/13 we will 
introduce the Antimicrobial Management Integrated 
Database for Scotland (AMIDS), a new system which 
brings together the three data sources via a web based 
reporting tool.  AMIDS will enable NHS board users to 
analyse combined information in order to explore the 
relationship between trends in antimicrobial use and 
the development of antimicrobial resistance and CDI. 
We will make accessible a series of standard reports 
for key organisms containing combined information 
on antimicrobial use and resistance (and CDI) within 
AMIDS.

Standardisation of susceptibility testing across Scotland 
was further progressed in the past year by installation 
of data-links transferring VITEK 2 data directly to HPS 

in all diagnostic laboratories. This gives HPS access to 
the full VITEK 2 derived datasets including expert-rule 
generated likely phenotypes, susceptibility category 
(S, I, R) and numeric MIC-values for all antimicrobial 
agents contained on the VITEK testing cards. The new 
direct data-link bypasses the laboratory information 
systems (LIMS), which are programmed to suppress 
substantial subsets of the susceptibility data not used or 
required for daily clinical decisions. This direct access 
eliminates the variation between laboratories, caused 
by variation in testing and reporting methods, and 
allows improved monitoring of multidrug resistance 
and detection of rare phenotypes. A key priority for the 
coming year is to consolidate the VITEK 2 data-stream 
in ECOSS (Electronic Communication of Surveillance 
in Scotland), by linking the VITEK 2 records to patient 
information and developing and expanding the analysis 
of the national AMR dataset.

With the recent emergence of carbapenem resistant 
Enterobacteriaceae in Scotland it has become 
imperative to expand the current surveillance 
programme to include isolates other than blood 
cultures. Antimicrobial resistance often evolves in 
organisms in other body sites (e.g. respiratory tract, 
gastrointestinal tract and urinary tract) before these enter 
the bloodstream. In January 2012 we will introduce 
national surveillance for antimicrobial resistance 
in urinary tract infections in the form of a ‘snapshot 
programme’	 (surveying	 a	fixed	number	 of	 isolates	 in	
each board per quarter). This will provide an earlier 
indication of emerging resistance. This expansion of 
surveillance activities is aimed at strengthening and 
complementing the existing programme by providing 
trends in resistance among UTI isolates, changes in 
frequencies of ESBL-producers and multidrug resistant 
organisms and emerging carbapenemase producers. 
Data	from	the	first	year	of	the	UTI	AMR	surveillance	
will be presented in the next annual report. 

National surveillance for vancomycin and/or tigecycline 
resistant enterococci will also be developed to monitor 
this emerging resistance problem.

The implementation of antimicrobial stewardship has 
led to extensive changes in antimicrobial use. The 
changing selective pressures associated with increasing 
use of some agents (and decreasing use of others) could 
potentially lead to a number of unintended effects 
including antimicrobial related toxicity, reduced 
clinical effectiveness and emergence of new multidrug 
resistant strains - collectively these are referred to 
as ‘unintended consequences’. A framework for 
monitoring unintended consequences nationally and 
locally (at NHS board level) has been agreed. This 
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will commence in 2012/13. At national level this will 
include monitoring of resistance in nine key organisms 
causing bacteraemia (as reported in this annual report), 
trends in episodes of bacteraemia associated with 
these, mortality analysis of patients diagnosed with 
bacteraemia caused by either E. coli or S. aureus, 
monitoring of post operative (surgical site) wound 
infection rates for the two mandatory programmes, 
caesarean section and hip and knee arthroplasty. In 
addition potential infection complications from reduced 
prescribing in primary care will also be monitored. 
These national datasets will provide reassurance that 
changes in prescribing are not having any unintended 
consequences and provide a means of alerting SAPG 
to such a possibility. To be effective this national 
programme needs to be run in conjunction with local 
systems within NHS boards monitoring resistance 
trends and emerging resistance, clinical outcomes and 
toxicity associated with antimicrobial treatment. It is 
recommended that each NHS board carry out at least 
one audit or other data collection system for each of 
the clinical outcomes and toxicity alongside local 
surveillance of antimicrobial resistance surveillance.
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Appendix 1
Antimicrobial categories and corresponding antibiotics used to define multidrug resistance in E. coli and 
K. pneumoniae.

Antibiotic Antimicrobial category
ampicillin penicillins (N/A for K. pneumoniae)

aztreonam monobactams

cefoxitin cephamycins

ceftriaxone extended-spectrum cephalosporins (3rd generation)

cefuroxime cephalosporins (2nd generation)

chloramphenicol phenicols

ciprofloxacin fluoroquinolones

co-amoxyclav penicillins + inhibitors

gentamicin aminoglycosides

meropenem carbapenems

piperacillin-tazobactam anti-pseudomonal penicillins + inhibitors

trimethoprim folate pathway inhibitors
Multidrug resistance was defined as resistance to (at least) one antibiotic in at least three antimicrobial categories.
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