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Abstract

Backgound: The Scottish Antimicrobial Prescribing Group (SAPG) was established by the Scottish Government in
2008 to lead the first national initiative to actively address antimicrobial stewardship. Healthcare associated
infection (HAI) is a priority in Scotland and the work of SAPG contributes to the national HAI Delivery Plan. SAPG’s
early work has focused on restricting the use of antibiotics associated with a high risk of Clostridium difficile
infection (CDI) and development of national prescribing indicators to support reduction of CDI.

Findings: Scottish Antimicrobial Prescribing Group has developed prescribing indicators for hospital and primary
care, which are measured and reported in all 14 NHS board areas. Improvement in compliance with the indicators
has been demonstrated with resultant reductions in CDI rates and no adverse effect on mortality or antimicrobial
resistance patterns.

Conclusions: The establishment of a Scottish national antimicrobial stewardship programme has made a
significant contribution to the HAI agenda, particularly in relation to CDI. The programme is supported by local
antimicrobial teams, a national framework for education, surveillance of antimicrobial use and resistance and
sharing of data for improvement. Antimicrobial stewardship has been integrated with other national programmes
on patient safety and quality improvement.
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Background
The Scottish Antimicrobial Prescribing Group (SAPG)
[1] was formed in March 2008 by the Scottish Govern-
ment Health Department (SGHD) to implement the
recommendations of the Scottish Management of Anti-
microbial Resistance Action Plan (ScotMARAP) [2].
SAPG operates as a multidisciplinary national clinical
forum and its primary objectives are to co-ordinate and
deliver a national framework for antimicrobial steward-
ship to enhance the quality of antimicrobial prescribing
and management in Scotland.

Materials and methods
SAPG was established to lead the first national initiative
to actively address antimicrobial stewardship. Collabora-
tion with key stakeholders at national level and develop-
ment of local (NHS board level) leadership through

Antimicrobial Management Teams has been essential to
develop national consensus and implement key steward-
ship interventions. This has been combined with the
development of national and local systems and a frame-
work for collecting and disseminating data on antibiotic
prescribing and resistance surveillance and a framework
for educational material to support the healthcare pro-
fessionals in the workplace.
Healthcare associated infection (HAI) is a priority for

the Scottish Government and the work of SAPG contri-
butes to the national HAI Delivery Plan. Reduction of
Clostridium difficile infection (CDI) is a key objective
for NHS Scotland and in 2009 a target was set for all
NHS boards to reduce their rate by 30% (later increased
to 50%) in patients over 65 years. Much of the focus of
SAPG’s early work has therefore been to reduce the use
of antibiotics associated with a high risk of CDI across
hospital and primary care settings. SAPG developed
national prescribing indicators based on compliance
with local antibiotic policies to support reduction of
CDI:
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Empirical Prescribing in hospital
Indication for treatment recorded in the patient medical
record and antibiotic choice is compliant with the local
Antimicrobial Prescribing Policy - target ≥ 95%

Primary care prescribing
Seasonal variation in quinolone use, consumption of
quinolones in winter months is ≤ 5% greater than con-
sumption in summer months.

Results
National surveillance data confirm that there has been a
progressive reduction in CDI throughout Scotland and
that all NHS boards have exceeded the original target of
30% reduction. The national rate has fallen from 1.5 to
0.32 cases per 1000 acute occupied bed days [3].
Improvement in the quality of antimicrobial prescribing
in hospital and primary care has made a significant con-
tribution to this reduction.

Changes in antibiotic use
National results for the hospital and primary care CDI
prescribing indicators are shown in Additional file 1,
Table S1 and Additional File 2, Figure S1

Impact on outcomes
Clostridium difficile infection (CDI)
There is a temporal association between this reduction
and the introduction of restrictive antimicrobial policies in
line with SAPG guidance. The true impact of this inter-
vention is being evaluated using a time series analysis and
results from one region (NHS Tayside) show a reduction
in total CDI post-intervention of 54% in Medicine and
50% in Surgery [4]. The attendant cost avoidance due to
this reduction in CDI in is estimated at more than £500 K
per year (based on £4 K per CDI episode [5]).
Unintended consequences
National surveillance of antimicrobial resistance shows
no significant increases in resistance to key Gram-nega-
tive organisms and reduced resistance to third genera-
tion cephalosporins in E. coli. Aminoglycoside-related
toxicity is also being prospectively evaluated.
Mortality
Crude 30-day all-cause mortality (from admission) was
analysed for both NHS Tayside cohorts. No change was
observed following the introduction of the restricted
antibiotic policy. Subgroup analysis by age and Charlson
Co-morbidity Index score showed no changes in mortal-
ity following the introduction of the policy. Further ana-
lysis using adjusted 30-day mortality in patients who
have had blood cultures taken as an outcome indicator
for sepsis management and antibiotic stewardship inter-
ventions is also being undertaken.

Conclusion
The establishment of a Scottish National Antimicrobial
Stewardship Programme has made a significant contri-
bution to the HAI agenda, particularly in relation to
CDI [6]. Providing local clinical prescribing leadership
through Antimicrobial Management Teams and orga-
nisational accountability through agreed national tar-
gets for prescribing have been key success factors in
bringing about this change. This is supported by a
national framework for education, timely sharing of
data using the Institute for Healthcare Improvement
Extranet and a range of local improvement strategies
in collaboration with local infection prevention and
quality improvement teams. Aligning antimicrobial
stewardship with patient safety and quality improve-
ment which are key elements of the national Quality
Strategy [7] has also been particularly helpful. During
the next three years we aim to consolidate our success
and embark upon further collaborative improvement
work in primary care prescribing, surgical prophylaxis
and management of sepsis, the latter being a signifi-
cant cause of hospital mortality and morbidity and a
national priority for 2012.

Additional material

Additional file 1: Table S1 Compliance with empirical prescribing in
Medical Admission Units April - June 2011. Summary of data for
national prescribing indicator for empirical prescribing in hospital.

Additional file 2: Figure S1 Primary care seasonal variation of
quinolone use by NHS board 2008-2011. Annual data for national
prescribing indicator for primary care.

Acknowledgements
Thanks to members of SAPG, NHS board Antimicrobial Management Teams
and the HAI Policy team at Scottish Government for their contribution to
the delivery of the SAPG work programme and the development and
implementation of the prescribing indicators.

Author details
1Ninewells Hospital & Medical School, Dundee, DD19SY, UK. 2Scottish
Medicines Consortium, Delta House, 50 West Nile Street, Glasgow G1 2NP,
UK. 3Healthcare Improvement Scotland, Elliott House, 8-10 Hillside Crescent,
Edinburgh EH7 5EA, UK. 4NHS National Services Scotland, Health Protection
Scotland, Meridian Court, 5 Cadogan Street, Glasgow G2 6QE, UK.

Authors’ contributions
All authors are members of the Scottish Antimicrobial Prescribing Group
(SAPG). DN has been chair of SAPG since 2008 and JS has been Project Lead
for SAPG since 2008. DN and JS have made substantial contributions to the
conception and design of the SAPG work programme including
development of the prescribing indicators to support reduction of CDI. AP is
responsible for developing and maintaining the data management system
for measuring and reporting the hospital prescribing indicators and for
performing the analysis of data from NHS Tayside to confirm the impact of
changes in antimicrobial use on CDI and mortality. WM made a significant
contribution to development of the primary care prescribing indicator and is
responsible for evaluation and reporting of the data for this indicator. All
authors have read and approved the final manuscript.

Nathwani et al. Antimicrobial Resistance and Infection Control 2012, 1:7
http://www.aricjournal.com/content/1/1/7

Page 2 of 3

http://www.biomedcentral.com/content/supplementary/2047-2994-1-7-S1.DOC
http://www.biomedcentral.com/content/supplementary/2047-2994-1-7-S2.DOC


Authors’ information
DN is Chair of SAPG and is a Consultant Physician in Infectious Diseases and
Honorary Professor of Infection, Ninewells Hospital and Medical School,
Dundee, UK
JS is Project Lead for SAPG and has a hospital pharmacy background with a
PhD in medicinal chemistry and an MSc in Clinical Pharmacy.
AP is an Information Analyst with an MSc in Applied Statistics.
WM is Pharmaceutical Adviser at Health Protection Scotland and has a
background in pharmaceutical public health and primary care pharmacy.

Competing interests
The authors declare that they have no competing interests.

Received: 3 January 2012 Accepted: 3 February 2012
Published: 3 February 2012

References
1. Scottish Antimicrobial Prescribing Group, Scottish Medicines

Consortium. 2008 [http://www.scottishmedicines.org.uk/SAPG/
Scottish_Antimicrobial_Prescribing_Group__SAPG_].

2. The Scottish Management of Antimicrobial Resistance Action Plan
[ScotMARAP] 2008, Scottish Government. 2008 [http://www.scotland.gov.
uk/Resource/Doc/215645/0057700.pdf].

3. Quarterly report on the Surveillance of Clostridium difficile infection (CDI)
in Scotland, April - June 2011, Health Protection Scotland. 2012 [http://
www.hps.scot.nhs.uk/ewr/article.aspx].

4. Patton A, Davey P, Vernaz N, Nathwani D, Sneddon J: Temporal effects of
a restricted antibiotic policy on Clostridium difficile infection. BMJ
International Improvement Science Symposium, International Forum on Quality
and Safety in Healthcare, Amsterdam 2011.

5. Ghantoji SS, Sail K, Lairson DR, DuPont HL, Garey KW: Economic healthcare
costs of Clostridium difficile infection: a systematic review. Journal of
Hospital Infection 2010, 74:309e318.

6. Nathwani D, Sneddon J, Malcolm W, Wiuff C, Patton A, Hurding S,
Eastaway A, Seaton RA, Watson E, Gillies E, Davey P, Bennie M: Scottish
Antimicrobial Prescribing Group (SAPG): development and impact of the
Scottish National Antimicrobial Stewardship Programme International
Journal of Antimicrobial Agents. 2011, 38(1):16-26.

7. The Quality Strategy, Scottish Government. 2010 [http://www.scotland.
gov.uk/Topics/Health/NHS-Scotland/NHSQuality/QualityStrategy].

doi:10.1186/2047-2994-1-7
Cite this article as: Nathwani et al.: Antimicrobial stewardship in
Scotland: impact of a national programme. Antimicrobial Resistance and
Infection Control 2012 1:7.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Nathwani et al. Antimicrobial Resistance and Infection Control 2012, 1:7
http://www.aricjournal.com/content/1/1/7

Page 3 of 3

http://www.scottishmedicines.org.uk/SAPG/Scottish_Antimicrobial_Prescribing_Group__SAPG_
http://www.scottishmedicines.org.uk/SAPG/Scottish_Antimicrobial_Prescribing_Group__SAPG_
http://www.scotland.gov.uk/Resource/Doc/215645/0057700.pdf
http://www.scotland.gov.uk/Resource/Doc/215645/0057700.pdf
http://www.hps.scot.nhs.uk/ewr/article.aspx
http://www.hps.scot.nhs.uk/ewr/article.aspx
http://www.scotland.gov.uk/Topics/Health/NHS-Scotland/NHSQuality/QualityStrategy
http://www.scotland.gov.uk/Topics/Health/NHS-Scotland/NHSQuality/QualityStrategy

	Abstract
	Backgound
	Findings
	Conclusions

	Background
	Materials and methods
	Empirical Prescribing in hospital
	Primary care prescribing

	Results
	Changes in antibiotic use
	Impact on outcomes
	Clostridium difficile infection (CDI)
	Unintended consequences
	Mortality


	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Authors' information
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


