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2. Methods

Antibacterial use

Data source – primary care
Information on the use of antibacterials in primary care has been obtained from the Prescribing 
Information System (PIS) database. This database contains details of all NHS prescriptions 
dispensed in the community in Scotland and is maintained by Information Services Division (ISD) 
part of the Public Health and Intelligence (PHI) strategic business unit of NHS National Services 
Scotland (NSS). The information is supplied to ISD by Practitioner and Counter Fraud Services 
strategic business unit of NSS who is responsible for the processing and pricing of all prescriptions 
dispensed in Scotland. Data on antibacterial use in primary care presented in this report are 
derived from prescriptions written by GPs, dentists and non-medical prescribers and from 
prescriptions written in hospitals dispensed in the community.

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

Data presentation
The classification of data on antibacterial use are based on the Anatomical Therapeutic Chemical 
(ATC) classification system. This is the international classification system aimed at identifying 
the therapeutic ingredient of all medicines available for human use. Antibacterials for systemic 
use fall into the ATC group J01. For further details on the ATC system please see the WHO 
Collaborating Centre for drug statistics methodology website at http://www.whocc.no/atcddd/.

In this report data on antibacterial use in primary care are presented using the number of 
dispensed items as the main measure. This depicts the number of times an antibacterial appears 
on a prescription. In addition data on primary and secondary care use are presented using defined 
daily dose (DDD) to enable international comparisons. The DDD is the internationally recognised 
unit of measurement of medicine consumption, recommended by the World Health Organisation 
(WHO), which allows comparison of use of medicines over time and between different countries 
(or locations). The DDD is the assumed average maintenance dose per day for a medicine used 
in its main indication in adults. In general, the DDDs for antibacterials are based on their use in 
infections of moderate severity. However, some antibacterials are only used in severe infections 
and their DDDs are assigned accordingly. For further details on DDD methodology please see 
the WHO Collaborating Centre for drug statistics methodology website at http://www.whocc.no/
atcddd/.

http://www.whocc.no/atcddd/
http://www.whocc.no/atcddd/
http://www.whocc.no/atcddd/
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The normal convention is to present information on use of antibacterials 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). Where the volume of dispensing is low and numbers are small, usage 
is presented as rates per 100 000 population per day. Rates presented per 100 000 will contain 
more sensitive estimates of figures; calculations based on these may show changes with a great 
precision.

Populations
Prescribing rates have been calculated using National Records of Scotland (NRS) mid-year 
population estimates. Rates prior to 2011 are calculated using 2001 census based estimates; rates 
from 2011 onwards are calculated from 2011 census based population estimates.

Time period
All data in this report are presented by calendar year from 2009 to 2012. Data pertaining to 2008 
can be accessed at: http://www.hps.scot.nhs.uk/haiic/amr/publicationsdetail.aspx?id=54118.

Interpretation of results

Patient level prescribing analysis
Primary care prescribing information sourced from PIS is linked to patient Community Health 
Index (CHI) number. Using patient CHI numbers it is possible to analyse demographic information 
on patients prescribed antibacterials such as age and gender. Patients resident in Scotland have a 
unique CHI number meaning it is also possible to count numbers of distinct patients receiving a 
particular treatment or investigate prescribing patterns for particular individuals over time. 

From 2010 onwards the majority of prescriptions can be linked to a valid CHI however CHI 
capture rates may vary by drug or geographic area. When interpreting trends in patient counts 
over time, the underlying CHI completeness rate must also be considered. In this report where 
patient level data is used the relevant CHI completeness figures are presented. It is difficult to 
identify with certainty how much impact an increasing CHI completeness has on the number of 
patients identified, but the evidence available suggests that the impact is small when considering 
the scale of change in CHI completeness presented in this report and this should not generally be 
significantly affecting trends in patient counts.  

Unless otherwise stated primary care antibacterial use data exclude dental prescriptions.

http://www.hps.scot.nhs.uk/haiic/amr/publicationsdetail.aspx?id=54118
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Gram Negative and Gram Positive

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. 

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 
antibacterials.

Extended spectrum beta-lactamase (ESBL)-producing organisms were reported for E. coli and K. 
pneumoniae to HPS based on local laboratory tests. The frequency of cases infected with ESBL 
producing organisms was calculated using the total number of cases as denominator. 

Confidence intervals (95%) for proportions were calculated to indicate robustness of the 
proportions presented. Where large or unusual differences in proportions were observed these 
were tested using a Normal approximation with p<0.05 considered as a statistically significant 
difference.

In addition to key organisms (aligned with EARS-Net surveillance) this report includes 
susceptibility data on other organisms causing bacteraemia and, including Haemophilus influenzae 
and Neisseria meningitidis.
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Comparison with data from other countries
The Scottish susceptibility data were compared to international datasets where possible to give 
context to our findings. 

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 
(2009-2012). 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 use of different methodologies and selective reporting potentially weakens comparison of 
data between different laboratories and could also underestimate the occurrence of multidrug 
resistance. 

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

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