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EXECUTIVE SUMMARY  
 

 
Introduction  
 
South Africa is increasingly affected by the emergence of antibiotic-resistant bacteria. 
Strengthening the overall pharmaceutical management system is one action required by 
World Health Assembly (WHA) member states to combat antibiotic resistance. Data 
generation, collection, analysis, and use are fundamental for informed decision making on 
strategies to contain the emergence and spread of antimicrobial resistance (AMR). Electronic 
pharmacy dispensing records offer the opportunity to develop a surveillance system to 
monitor antibiotic consumption and assess antibiotic prescribing practices. 
 
 
Aims, Objectives, and Methods  
 
The primary aim of this study was to assess the feasibility of using electronic pharmacy 
dispensing data extracted from RxSolution® for the surveillance of outpatient (ambulatory) 
antibiotic consumption and monitor antibiotic prescribing practices at district and provincial 
hospitals in public health facilities in North West Province, South Africa, between April 2013 
and March 2015. This was an exploratory project to develop hypotheses on the volume of 
antibiotics used and prescribing patterns. 
 
The objectives of the study were to: 
 

• Evaluate the feasibility of using RxSolution dispensing records to assess outpatient 
antibiotic consumption  
 

• Describe patterns of outpatient antibiotic consumption at district and provincial 
hospitals  
 

• Compare outpatient antibiotic consumption across facilities 
 

• Describe antibiotic prescribing practices for outpatients at district and provincial 
hospitals  

 
This was a longitudinal, observational, descriptive, retrospective study. Individual data were 
extracted from electronic pharmacy dispensing records. The study was conducted at district 
and regional (provincial) public hospitals using the dispensing module of the RxSolution 
pharmacy dispensing system in North West Province, South Africa. The study was granted 
ethical clearance from Pharma-Ethics, and the North West Department of Health gave 
permission to conduct the research. All health facilities where records were accessed gave 
permission. 
 
The study population comprised all outpatients receiving treatment at all public health care 
hospitals in North West Province.  
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Key Findings 
 
RxSolution data from 18 North West facilities and 307,449 patients over the study period 
(April 2013 to March 2015) were included. 
 
The key findings from the study included the following.  
 
Demographic Characteristics of the Study Population 
 
Among all patients whose records were studied, 39% (n=119,839) were prescribed an 
antibiotic on at least one occasion. Approximately 57% (n=68,440) of these patients were 
female and 43% (50,881) were male; gender was not available in less than 1% of the patient 
records. Date of birth was not captured in a systematic manner across facilities, and therefore, 
age was removed as a variable for the study and no age analysis was conducted.  
 
Volume and Class of Antibiotics Dispensed (European Surveillance of 
Antimicrobial Consumption Indicators) 
 
The 12 European Surveillance of Antimicrobial Consumption (ESAC) quality indicators for 
antibacterial prescribing were calculated from antimicrobial consumption data from 
RxSolution. The indicators are expressed in defined daily dose (DDD) per 1,000 patients per 
day (DID) over the study period. From FY 13/14 to FY 14/15, consumption of antibacterials 
for systemic use (J01) expressed in DID decreased for 8 (47%) of the 17 facilities that 
provided data for both years.  
 
Antibiotic Prescribing Practices (Number, Duration, and Anatomical 
Therapeutic Chemical Classification  
 
During the study period, 408,514 antibiotic prescriptions were dispensed at the 18 study 
facilities. Of these prescriptions, 27% (112,085) were for co-trimoxazole alone or co-
trimoxazole and other antibiotics. Co-trimoxazole was excluded from the analysis both 
because it is a prophylaxis treatment for human immunodeficiency virus (HIV) and acquired 
immunodeficiency syndrome (AIDS) management and because the high number of 
prescriptions might have biased the results. After excluding co-trimoxazole, 40% (162,828) 
of the antibiotic prescriptions were analysed. On average, four medicines (SD=0.7) were 
dispensed per prescription. The majority (60%) of antibiotic prescriptions were for only one 
antibiotic. The frequencies of prescriptions with two and three antibiotics were 33% (SD=9) 
and 6% (SD=6), respectively. Prescriptions with four (0.3%, SD=0.3) or five or more (0.4%, 
SD=1.2) antibiotics per prescription were also noted. The average duration of antibiotics 
(excluding co-trimoxazole) dispensed was seven days (SD=2.6). On average, combinations of 
sulfonamides and trimethoprim, including derivatives (JO1EE; 39.04%, SD=21) were the 
most frequently dispensed anatomical therapeutic chemical classifications (ATCs), followed 
by penicillins with extended-spectrum (J01CA; 26.14%, SD=11) and combinations of 
penicillins, including beta-lactamase inhibitors (J01CR; 11.82%, SD=6). For a seven-day 
duration of treatment, amoxicillin (J01CA) was the most frequently prescribed antibiotic 
(41%, SD=18%), followed by amoxicillin with clavulanic acid (J01CR, 24%, SD=15%). 
Doxycycline (J01AA) was the most frequently prescribed antibiotic (41%, SD=29%) for a 
treatment duration of 7 to 14 days, followed by amoxicillin (J01CA; 8%, SD=9%). For a 
duration longer than 14 days, ciprofloxacin (J01MA) was the most frequently prescribed 
antibiotic (19%, SD=37%).  
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The current study demonstrates the feasibility of extracting antibiotic dispensing data from 
RxSolution for the interrogation, interpretation, and presentation of findings for antibiotic 
stewardship decision making in the public health sector in South Africa. As of August 2016, 
RxSolution had been rolled out to approximately 452 facilities in South Africa. The study 
findings indicate that RxSolution data can be used to conduct medicine utilisation studies. 
The study has highlighted gaps in the use of the RxSolution dispensing module because 
additional information, such as diagnoses, would assist in more accurately evaluating rational 
prescribing and dispensing of medicines in line with accepted clinical guidelines. 
 
Overall, the antibiotics that were dispensed were essential medicines recommended in the 
public-sector standard treatment guidelines (STGs) and essential medicines list (EML) for 
secondary-level adult and paediatric use. Irrational prescribing was difficult to assess because 
no diagnosis information was available in the electronic dispensing system. However, 
irrational practices were highlighted in cases of prescriptions with up to eight antibiotics, 
including two penicillins and two quinolones prescribed simultaneously. Another example of 
an irrational practice was amoxicillin dispensed with amoxicillin and clavulanic acid at a 
dose not recommended in any public health sector STG or EML during the study period. 
Ranking North West facilities on the 12 ESAC indicators provided an opportunity to 
benchmark facilities on their antibiotic consumption.  

 



 

1 

 

INTRODUCTION AND BACKGROUND 
 
 

Although the prevalence of infectious and parasitic diseases has decreased steadily since 
2006,1 they accounted for 23% (103,708) of all deaths (458,933) in South Africa in 2013.2 
The leading causes of death were tuberculosis (8.8%), followed by influenza and pneumonia 
(5.2%) and HIV (5.1%).3 Infectious diseases are preventable and can be treated or cured. 
Antimicrobial agents are the medicines used to treat viral, bacterial, fungal, and parasitic 
infections. However, their use and misuse have driven the relentless expansion of resistant 
microorganisms.4 These microorganisms develop the ability to adapt and grow in the 
presence of antimicrobial agents, leading to a loss of efficacy of these lifesaving medicines. 
AMR reduces the number of options that are available to treat infectious diseases, leading to 
severe consequences such as “longer illness, increased mortality, prolonged stays in hospitals, 
loss of protection for patients undergoing operations or other medical procedures, and 
increased [healthcare] costs”.5 AMR is a threat to public health and places a serious strain on 
the global economy from higher treatment costs and lower productivity. 
 
In resolution WHA67.25 in May 2014, the WHA recognised AMR as a threat to human 
health6 and called for a global action plan on AMR. The draft global action plan was 
endorsed at the 68th World Health Assembly in Geneva, Switzerland, in May 2015.7 AMR is 
a complex and multifaceted problem that requires collaborative efforts both internationally 
and locally. South Africa is heavily affected by AMR because of the triple burden of drug-
resistant tuberculosis, drug-resistant HIV, and antibiotic-resistant bacteria. Recognising the 
need to reduce the development and contain the spread of AMR in the country, the South 
African government embarked on the development of the Antimicrobial Resistance National 
Strategy Framework 2014–2024. The framework aligns with the global action plan and 
identifies four strategic objectives to slow the emergence and spread of AMR and improve 
patient outcomes through better use of antimicrobials:8,9 
 

• Strategic objective 1: Strengthen, coordinate, and institutionalise 
interdisciplinary efforts through national- and health establishment-level governance 
structures 
 

• Strategic objective 2: Optimise surveillance and early detection of antimicrobial 
resistance to enable reporting of local, regional, and national resistance patterns to 
optimise empiric and targeted antibiotic choice 
 

• Strategic objective 3: Enhance infection prevention and control of the spread of 
resistant microbes to patients in health care settings, focusing on improvement in hand 
hygiene and the identification and isolation of patients with resistant organisms  
 

• Strategic objective 4: Promote appropriate use of antimicrobials in human and 
animal health through antimicrobial stewardship 

 
As in the global action plan, antibiotic resistance is the main focus of the strategy framework, 
which aims to address the urgent and unmet need to combat increasing levels of resistance in 
bacteria other than tuberculosis in the country.10  
 
Inappropriate antibiotic use is a major driver in the emergence of resistant bacteria. In this 
context, the AMR National Strategy Framework identified the need to strengthen institutional 
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surveillance systems, including monitoring pharmaceutical use data to highlight risk areas 
and inform planning, local treatment guideline modification, and decision making at a 
facility level.11 The information generated will support antimicrobial stewardship committees 
in actively overseeing appropriate prescribing and optimising antimicrobial use.12  
 
Antibiotic use data can be extracted from electronic pharmacy dispensing records. 
RxSolution is an integrated, computerised pharmaceutical management system used to 
manage all transactions related to the procurement, storage, distribution, and dispensing of 
pharmaceuticals and other commodities. RxSolution is used at hospitals, district offices, and 
community health centres to support a variety of functions, including dispensing and 
monitoring medicines use. The software includes more than 100 management and clinical 
predefined report templates that can be customized using a powerful integrated reporting 
module. It also allows data to be exported to popular formats, such as Microsoft Excel. 
RxSolution supports best practices to promote rational medicine use and strengthen financial 
and logistics accountability, with the ultimate goal of providing key information to support 
the decision making process. To date, the development and implementation of RxSolution 
has been supported by various programmes funded by the US Agency for International 
Development (USAID) and implemented by Management Sciences for Health in South 
Africa. 
 
This study was conducted to assess the use of electronic pharmacy dispensing data extracted 
from RxSolution for the surveillance of antibiotic consumption patterns and monitor 
antibiotic prescribing practices. The findings will inform decision making at the facility and 
programme levels to optimise antibiotic use. 
 
 
Problem Statement 
 
South Africa is increasingly being affected by the emergence of antibiotic-resistant bacteria.13 
Strengthening the overall pharmaceutical management system is one of the actions required 
of the WHA member states to combat antibiotic resistance.14 Data generation, collection, 
analysis, and use are fundamental for informed decision making on strategies to limit the 
emergence and contain the spread of AMR. Electronic pharmacy dispensing records offer the 
opportunity to develop a surveillance system to monitor antibiotic consumption and assess 
antibiotic prescribing practices. 
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LITERATURE REVIEW 
 
 
Antibiotic Resistance 
 
South Africa has not been spared from the global increase in antibiotic-resistant bacteria. In 
2011, the Global Antibiotic Resistance Partnership (GARP) published a situation analysis of 
antibiotic use and resistance patterns in South Africa.15 GARP reported that one-third of 
Streptococcus pneumonia isolates studied in 2004 displayed multidrug resistance. 
Haemophilus influenza resistance to penicillin was high, with a prevalence of more than 45% 
in some settings. It was noted that consistently less than 1% of all Escherichia coli isolates 
were resistant to tetracycline, ampicillin, amoxicillin-clavulanate, co-trimoxazole, 
trimethoprim, sulfamethoxazole, and chloramphenicol. For hospital-acquired infections, rates 
of resistance among the most common Gram-negative bacteria were very high in both public- 
and private-sector hospitals. Gram-negative resistance to carbapenems was found to be 
common in hospitals with large intensive care units. Klebsiella pneumoniae isolates were 
among the most highly resistant nosocomial bacteria, with more than 50% of all strains 
producing extended-spectrum β-lactamase. The report highlighted an increase in the 
incidence of colonisation and infection, particularly with resistant Gram-negative pathogens, 
in private hospitals. The Antimicrobial Resistance Background Document developed by the 
National Department of Health16 paints a rather bleak picture of current antibiotic resistance 
patterns in humans. Large outbreaks of vancomycin-resistant enterococci were reported in 
2012 in South African public and private hospitals. The emergence of carbapenemase-
producing enterobacteriaceae was noted as the greatest threat to patient safety in terms of 
antibiotic resistance.17 
 
 
Use of Antibiotics and Resistance 
 
The development of antibiotic resistance has been linked to inappropriate use, including 
excessive exposure to antibiotics over time. In 2008, 24 countries reported data on 
ambulatory care consumption of antimicrobial agents to the ESAC. Prescribed medicines 
were grouped by active ingredient as the number of DDDs per 1,000 inhabitants. Data from 
21 European countries included in the ESAC database between 2000 and 2004 were 
reviewed18 and compared with antimicrobial resistance data for Streptococcus pneumonia 
and Escherichia Coli from 2000 to 2005, which were obtained from the European 
Antimicrobial Resistance Surveillance System. Penicillins, including broad-spectrum 
penicillins (ATC category J01C), represented the most widely used antibiotics in Europe. The 
second most widely used were macrolides, lincosamides, and streptogramins (ATC category 
J01F), followed by cephalosporins, monobactams, and carbapenems (ATC category J01D). In 
this category, cephalosporins were most common. Although J01D antibiotics are most 
commonly used in hospitals, they are also extensively prescribed in ambulatory settings in 
some countries. The occurrence of penicillin-nonsusceptible S. pneumonia was significantly 
associated (p≤0.01) with country-specific use of penicillins as well as with the total 
antimicrobial use in ambulatory care (p≤0.01). A high degree of consistency was observed 
between use of fluoroquinolones and the increase in fluoroquinolone resistance in E. coli.19  
 
The use of antibiotics drives the selection of resistant pathogens. According to Louis B. 
Rice,20 “there are three points at which antimicrobial selective pressure can be reduced: 
before therapy begins, by treating only those patients who are truly infected with a 
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susceptible organism; during therapy, by avoiding the use of combination antimicrobial 
agents when a single agent will suffice; and at the end of therapy, by treating only for as long 
as is required to cure the infection”.  
 
 
Antibiotic Prescribing Practices 
 
The 2011 situation analysis conducted by GARP emphasised the widespread overuse of 
antibiotics in public and private facilities, including private practices and academic 
institutions. Antibiotics are prescribed when they were not needed, given for prolonged 
durations, and prescribed in inappropriate combinations.21 In this context, rational medicine 
use, as defined by the World Health Organization (WHO)22 (“patients receive medications 
appropriate to their clinical needs, in doses that meet their own individual requirements, for 
an adequate period of time, and at the lowest cost to them and their community”), is critical 
to decrease the selection pressure on bacteria and curb antibiotic resistance. In South Africa, 
the National Drug Policy places the responsibility for rational medicine use on the 
prescribers, dispensers, and consumers.23 The South African National Department of Health: 
Essential Drug Programme publishes STGs to guide the treatment of some infective and 
infectious diseases at the PHC and hospital levels.24 Reducing the duration of antibiotic 
therapy has been identified as the safest available strategy to decrease the use of antibiotics.25 
Unfortunately, not enough clinical studies have been performed to define the optimum length 
of antibiotic therapy for a variety of syndromes, which keeps the door open for poor 
compliance with treatment guidelines, particularly regarding treatment duration.  
 
Tertiary Level 
 
In 2005, the antibiotic prescribing practices in intensive care units (ICUs) in South Africa 
were largely unknown. As part of the Prevalence of Infection in South African Intensive Care 
Units Study, Paruk et al., described the antibiotic prescribing practices in 43 ICUs in both 
public and private hospitals.26 A total of 248 patients were enrolled in the study, with 34.3% 
(85) of those from the public sector. Of the 73.4% (182) patients initiated on empiric 
antibiotics, 54.9% (100) received inappropriate antibiotics. This percentage was higher in 
private ICUs (60.8%, 73) than in public ones (43.5%, 27). A significant association (p=0.01) 
was found between the inappropriate choice of antibiotic and mortality. For the majority of 
patients (72%, 131), the duration of antibiotic treatment was inappropriate. Some patients 
were prescribed up to 10 anti-infectives simultaneously (excluding antiviral and 
antituberculosis agents).27  
 
A similar study was conducted more recently by Chunnilall et al. The authors evaluated 
prescribing practices for 224 patients admitted to the ICU of a private hospital in KwaZulu-
Natal28 who were prescribed antibiotics. A clear indication for antibiotic therapy was only 
noted in 58.5% (131) of the patients, suggesting overuse or failure to provide adequate detail 
in medical records. Although the dose and frequency were not always indicated, they were 
correct in 91.1% (204) of the cases. The choice of antibiotic was informed by microbiology 
in 61.2% (137) of patients, with microbiology and dose and duration positively and 
statistically significantly associated (p<0.05). Of the 131 prescriptions that were warranted, 
70.2% (92) complied with guidelines. Incorrect dosing intervals, incorrect doses, and 
inappropriate combinations were among the reasons for noncompliance.29  
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Mohlala et al., also reported a high percentage of antibiotic prescriptions from a review of 
inpatient and outpatient files in public health care facilities in Limpopo and the Western 
Cape, with 72.8% and 63.4% of prescriptions being for antibiotics, respectively.30 
 
To assess the appropriateness of inpatient antibiotic use, a four-week prospective survey in 
medical, surgical, and gynaecology wards was undertaken at Groote Schuur Hospital in the 
Western Cape of South Africa. A total of 224 prescriptions involving 680 antibiotics were 
analysed. Less than 50% of all patients in the medical, gynaecology, and surgical wards were 
prescribed antibiotics. The greatest number of inappropriate antibiotic prescriptions was 
prescribed in the gynaecology ward (54%), particularly for prophylactic use, with 66% of 
gynaecological prophylaxis prescriptions noted as inappropriate. Overall, the survey 
highlighted excessive dosages of penicillin G and amoxicillin, inappropriate gynecological 
protocols, and the excessive use of erythromycin.31  
 
Following an outbreak of invasive candidiasis, Schellack and Gous reviewed the files of 95 
patients from the neonatal ICU at a tertiary-level academic hospital in Gauteng Province.32 
Frequency, duration of use, and number of antibiotics per patient were among the factors 
investigated and assessed against the hospital antibiotic protocol. Eighteen noncompliant 
prescriptions were identified, but it was noted that they were justified by clinical assessments. 
The maximum number of antibiotics administered per patient was nine; it was not specified 
whether administration was concomitant. The authors highlighted concerns about the 
durations of antibiotic treatment. Although controversy remains regarding the optimum 
duration, very few indications require more than 14 days. The study found that 68% (13) of 
the antibiotics were prescribed for longer than 14 days.33  
 
Secondary Level 
 
The use of antibiotics in South African private and tertiary-level public ICUs is relatively 
well documented. However, there is a lack of data on antibiotic prescribing practices at lower 
levels of care. Slogrove et al., conducted a retrospective review of the risk factors, indications 
for, and antibiotics used at a regional hospital neonatal unit in the Western Cape.34 The 
authors defined an antibiotic event (ABE) as “either: 1) new initiation of therapy or 2) a 
change in or addition of a new antibiotic to already existing therapy.” Among the 195 
neonates selected for the study, 74% (144) received antibiotics and there were 194 ABEs, 
with an annual rate of 99 ABEs per 100 admitted neonates. It was found that therapy was 
initiated for appropriate indications, but continuation of treatment was suspected to be 
unnecessary for 38% (52) of antibiotics prescribed within the first 72 hours of life and for 
28% (16) of antibiotics prescribed after 72 hours of life.35 
 
PHC Level 
 
The misuse of antibiotics for viral infections and the excessive use of broad-spectrum 
antibiotics in place of narrower-spectrum antibiotics have been well documented throughout 
the world. Among all conditions, acute respiratory illness likely carries the most widespread 
popular belief that antibiotics are necessary. In South Africa, Hoffman et al., surveyed the 
views of 11 general practitioners regarding their patients’ expectation of receiving an 
antibiotic and the indication for and prescription of an antibiotic.36 The assessment took place 
in private practices in a suburb of the Durban Metropole in KwaZulu-Natal.37 According to 
the doctors, 60% (198) of the 330 patients enrolled in the study expected an antibiotic. 
Although the doctors thought that antibiotics were indicated in 76% (251) of the cases, they 
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prescribed antibiotics to 81% (267) of patients. International studies on prescribing practices 
among general practitioners provided similar results, with patient expectations playing an 
important role in the overuse of antibiotics.38 
  
A descriptive retrospective analysis conducted on 2,352 prescriptions for antimicrobial drugs 
between January 1 and December 31, 2000, in an Umtata Private Pharmacy in the Eastern 
Cape of South Africa showed that 12.5% of prescriptions had five or more drugs. The 
diagnosis was missing in the majority of prescriptions (94.3%), while the dose and duration 
of antibiotic treatment were not properly stated in 53.3% and 59.6% of prescriptions, 
respectively. Dosage forms and dosing frequency were reported in 99% and 85% of 
prescriptions, respectively. Amoxycillin and metronidazole were the most commonly 
prescribed agents.39 
 
The General Household Survey conducted in South Africa in 201140 revealed that the 
majority (61.2%) of households visited public-sector clinics first, followed by private doctors 
(24.3%) and then public hospitals (9.5%). Private hospitals, private clinics, and other 
facilities (e.g., pharmacy, employer facilities, spiritual healers, homeopaths, and traditional 
healers) were used by approximately 5% of households. With at least 80% of antibiotics used 
by ambulatory patients,41,42 there is an urgent need to evaluate antibiotic prescribing practices 
at lower levels of care in the South African public sector. 
 
 
Surveillance of Antibiotic Consumption 
 
In their situation analysis, the GARP team identified the need for a “formal, strategic 
programme of sustained reduction in consumption of all classes of antibiotics over the long 
term” and acknowledged that strategies may be different for the private and public sectors.43 
Antibiotic stewardship programmes aim to combat inappropriate antibiotic use through a 
multifaceted team approach, including the formulation of policies, use of treatment 
guidelines, surveillance data, education resources, targeted interventions, and audits.44 The 
South African Antibiotic Stewardship Programme was established in 2012 with the aim to 
optimise antibiotic prescribing through education and broad stakeholder engagement and by 
bringing together the necessary skills from both the public and private sectors. 
 
Chunnilall et al., noted that the relatively low rate (28.8%) of antibiotic prescriptions in the 
private KwaZulu-Natal ICU may be attributed to the hospital’s well-established antibiotic 
stewardship programme.45 However, despite regular meetings of the stewardship committee 
to provide updates on antibiotic consumption at the hospital and the involvement of the 
pharmacist with the health care team, the inappropriate antibiotic use found during the study 
highlighted the need to strengthen team efforts.  
 
In 2011, Boyles et al., simultaneously introduced a dedicated antibiotic prescription chart and 
an antimicrobial stewardship (AMS) ward round in two general medical wards at the tertiary 
academic teaching hospital of the University of Cape Town.46 The core AMS team included 
an infectious disease specialist, a consultant microbiologist, an infection prevention control 
nurse, and a ward round pharmacist who conducted weekly AMS ward rounds. In addition to 
AMS ward rounds, point prevalence audits were performed to review antibiotic prescription 
chart use. Data were extracted from the electronic pharmacy dispensing records to calculate 
consumption for each antibiotic, and oral and parenteral dosage forms were differentiated. 
Consumption data were converted to DDDs. The total consumption of antibiotics decreased 
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from 592 DIDs prior to the intervention to 475.8 DIDs after the intervention. This 19.6% 
reduction in antibiotic consumption represented a cost saving of 35% (ZAR 373,620). The 
authors noted a decrease in the duration of antibiotic therapy, an increase in the initial use of 
oral over parenteral form, and an increase in de-escalation from parenteral to oral form. It is 
highly unlikely that lower levels of care in South Africa would have access to the same level 
of skill described by the AMS team in this study. However, Boyles et al., emphasised that 
“the principle of stewardship and a team constructed around key role players such as 
pharmacists and physicians with appropriate training could be introduced at any health care 
facility”.47  
 
Antibiotic consumption data is essential to the surveillance of antibiotic prescribing and AMS 
programmes at all levels. Three WHO-supported pilot projects were established in India and 
two in South Africa in an attempt to monitor community antimicrobial use.48 In South Africa, 
14,217 and 2,313 prescriptions with antibiotics were assessed over a two-year period at the 
Durban and Brits pilot sites, respectively. The Durban site comprised seven pharmacies, 
seven general practitioners (GPs), and six public PHC facilities; the Brits site had seven 
public PHC facilities. The use of specific antibiotics was assessed by facility type using 
different measures, including percentage prescriptions and number of DDDs per 100 patients. 
At all sites, there was higher usage of older antibiotics (amoxicillin, tetracyclines, and 
cotrimoxazole) in the public sector. The private-sector facilities were using newer antibiotics 
(fluoroquinolones and cephalosporins) more extensively. The monthly prescribing patterns 
were only measured in two Indian sites and showed some seasonal variations, with higher use 
during the winter months. However, the authors highlighted that the appropriateness of 
antibiotic prescribing (e.g., compliance with STGs) can only be determined by ad hoc surveys 
of prescribing habits and not by DDDs per patient.49 Holloway et al., concluded that long-
term surveillance of antimicrobial use is extremely difficult in resource-limited settings.50  
 
One challenge is to establish systems for the consistent and sustainable collection and 
exploitation of data for surveillance purposes at lower levels of care. An electronic 
prescribing system was used in Ireland to collect antibiotic prescribing data for adult patients 
(≥ 18 years of age) from 30 selected PHC facilities.51 The ESAC Network has developed 12 
quality indicators for antimicrobial prescribing.52 These indicators were selected based on 
their relevance to reducing antimicrobial resistance, patient health benefits, cost 
effectiveness, and recommendations from public-health policy makers. Unlike many 
indicators that are only relevant to hospital settings, these indicators are applicable to 
outpatients (table 1) and to primary care. 
 
 
Table 1: ESAC Drug-specific Quality Indicators for Outpatient Antibiotic Use53 

Label Description 
J01_DID Consumption of antibacterials for systemic use (J01) expressed in DID  
J01C_DID Consumption of penicillins (J01C) expressed in DID  
J01D_DID Consumption of cephalosporins (J01D) expressed in DID  
J01F_DID Consumption of macrolides, lincosamides, and streptogramins (J01F) expressed in 

DID 
J01M_DID Consumption of quinolones (J01M) expressed in DID 
J01CE_% Consumption of β-lactamase-sensitive penicillins (J01CE) expressed as a 

percentage of total consumption  
J01CR_% Consumption of combinations of penicillins, including β-lactamase inhibitors (J01CR) 

expressed as a percentage of total consumption 
J01DD + Consumption of third- and fourth-generation cephalosporins [J01(DD+DE)] expressed 
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Label Description 
DE_% as a percentage of total consumption 
J01MA_% Consumption of fluoroquinolones (J01MA) expressed as a percentage of total 

consumption 
J01_B/N Ratio of the consumption of broad-spectrum {J01[CR + DC +DD +(F-FA01)]} to the 

consumption of narrow-spectrum penicillins, cephalosporins, and macrolides [J01(CE 
+ DB + FA01)] 

J01_SV Seasonal variation of total antibiotic consumption (J01) 
J01M_SV Seasonal variation of quinolone consumption (J01M) 
 
 
Galvin et al., evaluated a process for the application of the ESAC quality indicators to 
electronic prescribing data. Quantities of antibiotics were expressed in DIDs. Anonymised 
patient data were extracted from the GP patient management software system for the study 
period (mid-October 2012 to mid-October 2013). GP practice data were then aggregated and 
analysed. A total of 57,079 antimicrobial prescriptions were obtained from the 30 
participating practices. The total prescribing of antibiotics for systemic use among practices 
ranged from 1.28 to 24.78 DID. This total was higher in winter months. The penicillins (ATC 
category J01C) accounted for the highest percentage of prescriptions (53.4%), followed by 
the macrolides, lincosamides, and streptogramins class (ATC category J01F), which 
comprised 17.5% of prescriptions. Figure 1 shows how antibiotic consumption data can be 
analysed for decision making at the programmatic level, including the comparison of 
prescribing practices among facilities and the identification of facilities where AMS 
intervention may be needed. 
 
 



Literature Review 

9 

 
Figure 1: ESAC drug-specific quality indicators for antimicrobial use in 30 primary 

care practices54 
 

According to the authors, low indicator values (except for J01CE_%, i.e., consumption of β-
lactamase-sensitive penicillins (J01CE) expressed as a percentage of total consumption) are 
associated with a better quality of antibiotic use and less risk of antibiotic resistance. Galvin 
et al., demonstrated the value of extracting and collecting antibiotic prescribing data from an 
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electronic prescribing system.55 The authors state that this is a simple method to generate 
prescribing data for a sustainable surveillance system for antibiotic consumption. 

 
No studies were found on a similar surveillance system for antibiotic prescribing at provincial 
and district hospitals in the South African public sector. Electronic prescribing systems are 
seldom used in public health care facilities; however, electronic pharmacy dispensing systems 
are used in some hospitals to record prescriptions dispensed to outpatients. One of these 
electronic pharmacy dispensing systems is RxSolution, but its ability to extract and collect 
data relevant to the surveillance of antibiotic consumption has not been assessed.  

 
 

Research Statements  
 
Aim of the Study 
 
The primary aim of this study was to assess the feasibility of using electronic pharmacy 
dispensing data extracted from RxSolution for the surveillance of outpatient (ambulatory) 
antibiotic consumption and to monitor antibiotic prescribing practices at district and 
provincial hospitals in public health facilities in North West Province, South Africa, from 
April 2013 to March 2015. This was an exploratory project to develop hypotheses on the 
volume of antibiotics use and prescribing patterns. 
 
Objectives of the Study 
 
The objectives of the study were to: 
 

1. Assess the feasibility of using RxSolution dispensing records to assess outpatient 
antibiotic consumption  

2. Describe patterns of outpatient antibiotic consumption at district and provincial 
hospitals  

3. Compare outpatient antibiotic consumption among facilities 
4. Describe antibiotic prescribing practices for outpatients at district and provincial 

hospitals  
 
Outline of the Report 
 
The study and research questions are introduced in the “Introduction and Background” 
section, and the available literature relevant to the research question is presented. The topics 
reviewed included antibiotic prescribing patterns at the tertiary, secondary, and PHC levels in 
South Africa. The 12 ESAC drug-specific quality indicators for outpatient antibiotic use are 
also discussed in the introduction. The “Methodology” section outlines the study approvals; 
study population; sampling; sample size; and data collection, management, and analysis. The 
findings, results, and discussion are presented in the “Results and Discussions” section. Study 
conclusions and recommendations are presented in the final chapter of the report.  
 
Dissemination of Results 
 
The study findings will first be reported to the North West Department of Health and then to 
the National Department of Health, USAID, and SIAPS. The North West Department of 
Health intends to disseminate the results in a peer reviewed journal and at conferences.  
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METHODOLOGY 
 
 
The research process began when ethical clearance was obtained from Pharma-Ethics (Annex 
A), permission to conduct research was obtained from the North West Department of Health 
(Annex B), and approval was received from all health facilities where records were to be 
accessed.  
 
 
Study Design 
 
This was a longitudinal, observational, descriptive, retrospective study. Individual data were 
extracted from electronic pharmacy dispensing records. The study was conducted at district 
and regional (provincial) public hospitals using the RxSolution pharmacy dispensing system 
in North West Province, South Africa. The study period was April 2013–March 2015. 
 
 
Study Setting 
 
The study was conducted in public health care hospitals using RxSolution for outpatients in 
North West Province, South Africa. The public health care institutions included district and 
regional hospitals within the Bojanala Platinum, Dr. Kenneth Kaunda, Dr. Ruth Mompati, 
and Ngaka Modiri Molema districts. 
 
 
Study Population and Sample 
 
The study population comprised all outpatients receiving treatment at all district and regional 
public health care hospitals in North West Province, which has four districts: Bojanala 
Platinum, Dr. Kenneth Kaunda, Dr. Ruth Mompati, and Ngaka Modiri Molema.  
 
The Bojanala Platinum and Dr. Ruth Mompati districts each have three district hospitals and 
one provincial hospital. The Ngaka Modiri Molema district has six district hospitals and one 
provincial hospital, and the Dr. Kenneth Kaunda district has two district and two provincial 
hospitals. Tshepong Hospital, a specialised multi-drug resistant tuberculosis hospital, was 
excluded from the sample.  
 
All 19 district and provincial hospitals using the dispensing module of RxSolution were 
included in the study.  
 
The study comprised a complete census of outpatient dispensing records in the study 
hospitals between April 2013 and March 2015. Data for all RxSolution dispensing records in 
these facilities during the study period were extracted.  
 
 
Sample Size 
 
Based on administrative records, 491,964 prescriptions were dispensed using RxSolution at 
the study sites in the year prior to the initiation of the study. It was therefore anticipated that 
the sample size for the two-year study period would be sufficient. 
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Data Collection 
 
Data were extracted from RxSolution pharmacy dispensing records and used for individual 
and aggregated analyses. The data extraction was conducted by special services (also known 
as scripts) on the selected databases. Based on specific research criteria, the data extraction 
was limited and focused on the research objectives and scope of the study.  
 
No personally identifiable information was extracted. Patient identification numbers were 
converted to randomly assigned study IDs so that patient records were linked over time to 
examine sequential antibiotic prescribing. Individual patient consent was not sought because 
all data were anonymised.  
 
The trends in antibiotic prescribing practices and the volume and class of antibiotic consumed 
were measured. Data from the following data fields were extracted:  
 

• Generic name 
• Strength 
• Dosage form 
• Frequency 
• Duration 
• Patient date of birth (converted to age in years) 
• Date of prescription 
• Name of facility 

 
Antibiotic Prescribing Practices 
 
The following variables (Annex C) were studied:  
 

• Percentage of prescriptions dispensed with antibiotic 
• Average number of medicines dispensed per prescription 
• Average number of antibiotics dispensed per prescription  
• Percentage of prescriptions dispensed with 1, 2, 3, 4, 5, and more than 5 antibiotic(s)  
• Percentage of prescriptions for antibiotics by ATC category 
• Percentage of prescriptions for individual antibiotics within each ATC category  
• Percentage of prescriptions of individual antibiotics within each ATC category 

dispensed for less than 7 days, 7 to 13 days, and 14 days or more 
• Average antibiotic treatment duration  

 
The monthly values of each variable were calculated for the overall sample and per facility. 
Seasonal patterns in prescribing and trends over time were examined. Because the age 
variable was missing or incorrectly captured for a number of records, the sample could not be 
stratified by age group to observe differences in antibiotic prescribing in children and adults. 
 
Volume and Class of Antibiotics Dispensed  
 
As mentioned in the literature review,56 the 12 ESAC quality indicators for antimicrobial 
prescribing, which were developed by 22 recognised experts from 12 European countries, 
were selected based on their relevance to reducing antimicrobial resistance, their patient 
health benefits and cost-effectiveness, and recommendations from public-health policy 
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makers. The data collection and analysis for these 12 indicators followed the method 
described by Adriaenssens et al.57  

 
1. Outpatient antibiotic use data were expressed in DID. 

 
a. Each antibiotic was linked to the relevant ATC category.58 

 
b. Each antibiotic was linked to the relevant DDD.59 
c. The DID was calculated using the DDD, frequency and duration, and total number 

of all prescriptions issued (i.e., not only for antibiotics). 
 

2. The 12 ESAC quality indicators for antimicrobial prescribing were calculated from 
antibiotic use data expressed in DID per facility per day throughout the study period 
(table 1). 

 
 

Data Management and Analysis 
 
Data were extracted from RxSolution at each hospital and stored in a secure location at the 
SIAPS office in Pretoria to prevent undue access, loss, or tampering for a period of three 
years after publication of the findings. All electronic data were stored on a computer and 
password protected. The data were only accessed by the research team of this project.  
 
To validate the collected data, an initial manual check for data completeness was carried out 
so that the auto-population of the data collection template reflected a true data set. This 
eliminated any double counting of patients.  
 
Quantitative capturing of aggregated data from RxSolution dispensing records was performed 
using Microsoft Excel, and data verification was conducted by an independent reviewer to 
check for accuracy and inconsistencies. 
The data analysis was conducted in response to the stated study objectives once the data 
capturing and verification process was completed. Microsoft Excel and STATA® version 12 
were used in the analysis.  
 
New variables were generated where needed to conduct the analysis. Examples of new 
variables that were generated are provided in Annex D.  
 
A descriptive analysis was performed to describe antibiotic prescribing practices and assess 
the appropriateness of selected antibiotics in terms of number of antibiotics per prescription, 
duration of antibiotic treatment, and seasonal and geographical variations. 
 
The 12 ESAC drug-specific quality indicators were used to map antibiotic consumption in 
North West Province by hospital level and district. This map was studied against the 
resistance map generated by the National Department of Health to inform the correlation 
between the volume of antibiotic used and the emergence and spread of antibiotic resistance. 
For each indicator, the indicator values were grouped into four quartiles according to the 
quartile distribution for each of the two fiscal years. 
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Ethical and Legal Considerations 
 
The study was approved by the Research Ethics Committee of Pharma-Ethics (Annex A). 
Permission was granted by the North West Department of Health and all health care facilities 
prior to data extraction. No data were collected until all permissions were granted. No patient 
interviews were conducted. There were no risks or threats to the patients or their medical 
records in this study. The research study adhered to the basic ethical principles stipulated in 
the: 

• International Guidelines for Ethical Review of Epidemiological Studies, Council for 
International Organisations of Medical Sciences60 
 

• World Medical Association Declaration of Helsinki Ethical Principles for Medical 
Research Involving Human Subjects61 
 

• The Belmont Report62 
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RESULTS AND DISCUSSION 
 
 
Introduction 
 
North West Province (140,882 km2) is one of South Africa’s five landlocked provinces and 
represents 8.7% of the total country area.63 In 2016, its population comprised 6.8% 
(3,650,000) of the country population (53,701,000).64 Females represented 51% (1,868,000) 
of the population, while males represented 49% (1,782,000).65 The 2016 Community Survey 
highlighted the difference in economic status among the four districts in the province, with 
the Dr. Ruth Mompati district having the highest poverty headcount (12.8%) and the Dr. 
Kenneth Kaunda district having the lowest (4.9%).66 Table 2 illustrates the poverty headcount 
and intensity of poverty in each district. 
 
 
Table 2. Proportionate Share of Government Grants and Poverty Headcount, 2016 

District 2015 grants and subsidies received 
as a percentage of total income 

Poverty 
headcount 

Intensity 
of poverty 

North West Province  8.8% 42.5% 
Bojanala district 99.3% 8.8% 42.9% 
Ngaka Modiri Molema 
district 

98.7% 10.6% 41.9% 

Dr. Ruth Mompati district 98.8% 12.8% 42.2% 
Dr. Kenneth Kaunda 
district 

92.2% 4.9% 42.5% 

 
 
Known as the “Platinum Province”, North West produces approximately 94% of the 
country’s platinum. Mining represents 30% to 35% and 19.6% of the economic sectors of the 
Bojanala and Dr. Kenneth Kaunda districts, respectively. Employment along the Platinum 
Corridor accounts for more than one-third of the province’s total employment.67 In 2014, 
13.7% of North West Province’s households were involved in agricultural activities, 
compared to 18.3% nationally. The main reasons for agricultural involvement were an extra 
source of food for 57.8% of households and an extra source of income for 24.6%. 
Agricultural involvement was the main source of income for only 4.3% of North West 
households.68  
 
North West has a relatively low population density, with only 33 inhabitants per square 
kilometer, and ranks seventh among South Africa’s nine provinces.69 More than half of the 
households are less than 30 minutes from the health facility they use most frequently (34% 
are less than 15 minutes and 39% are between 15 and 25 minutes away). A longer transport 
time (between 30 and 89 minutes) is experienced by 24.6% of households70 when using their 
normal means of transport. For the vast majority of the households (71.8%, 846,000), the 
public sector was the usual place for health-related consultations. Only 27.9% (329,000) of 
households visited private-sector facilities.71 Within the public sector, clinics were attended 
by 92.7% (785,000) of households, while 6.9% (59,000) of households visited public 
hospitals. 
 
The results and discussion section is presented by study objective as follows: 
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• Characteristics of the study population 
• Volume and class of antibiotics dispensed (ESAC indicators) 
• Antibiotic prescribing practices (number, duration, and ATC classification) 

 
The results are descriptive in nature. Means (standard deviations), medians, frequency, and 
percentages are presented. A summary of results is presented in the results and discussion 
section of the report.  
 
 
Characteristics of the Study Population 
 
Objective 1 of this study was to assess the feasibility of using RxSolution dispensing data to 
assess outpatient antibiotic consumption.  
 
RxSolution data from 14 district and five regional (provincial) facilities in North West 
Province were extracted and reviewed for inclusion in the study. One district hospital 
(Hospital A) was excluded from the study due to incomplete data. Brits Hospital used the 
RxSolution dispensing module intermittently during the study period because the hospital 
relocated in October 2013. Hospital A also relies on patient information from the Patient 
Administration and Billing System (PAAB) to dispense medicines. If PAAB is not accessible 
or if poor connectivity exists between PAAB and RxSolution, the dispensing module of the 
RxSolution system is not utilised. Therefore, data from 13 district and five regional 
(provincial) facilities were included in the study.  
 
When the status of the sites included in the study was compared to the 2012 Gazette list72 of 
hospitals in North West Province, it was noted that although Hospital L and Hospital E were 
reclassified from district hospital to community health centre, the database used for the 
selection of study sites was not updated accordingly. These two sites were included in the 
study despite being community health centres. Tshepong Hospital, a specialised multidrug 
resistant tuberculosis hospital, and two specialised psychiatry hospitals (Witrand Psychiatry 
Hospital and Bophelong Psychiatry Hospital) were excluded from the sample.  
 
RxSolution data were extracted from 18 North West facilities for 307,449 patients during the 
study period. Of the total number of patients, 39% (119,839) were prescribed an antibiotic at 
least once. The percentage of antibiotic prescriptions in this study is lower than in a study 
conducted in public hospitals in Limpopo and the Western Cape, where 72.8% and 63.4% of 
the all prescriptions were for antibiotics, respectively.73 When compared to inpatient 
antibiotic prescribing practices in South Africa, one four-week survey study at Groote Schuur 
Hospital (Western Cape) in the early 1990s reported similar prescribing frequencies of 
antibiotics in the medical, gynaecology, and surgery wards of 27%, 26.5%, and 32%, 
respectively.74 In KwaZulu-Natal, in a private hospital ICU setting, antibiotic therapy was 
prescribed for 28.8% of patients according to a two-month retrospective chart review study.75 
Studies in Limpopo and the Western Cape included a mix of inpatient and outpatient 
prescriptions, while the current study only assessed outpatient prescribing. It is difficult to 
compare outpatient and inpatient prescribing because inpatient and ICU antibiotic prescribing 
would be expected to be higher than outpatient prescribing, and inpatient prescribing would 
also include injectable antibiotics that would not be included in outpatient take home 
prescriptions. In this study, more than one-third of patients were prescribed an antibiotic.  
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Several international literature sources report that women are more likely to seek medical 
care than are men. Using data reported by WHO, Peltzer et al., reported a similar pattern for 
South Africa.76 Higher medical-seeking behaviour among women is also apparent in other 
emerging economies, such as China, Russia, Mexico, and Ghana.77 Women are more likely to 
seek health care due to pregnancy and child wellness visits, and therefore, it would be 
expected that woman would represent a greater proportion of visits. 
 
Although the overall demographic profile of the 307,449 patients was not assessed, in the 
current study, the majority of prescription records for at least one antibiotic were for women 
(57%). An antibiotic surveillance study conducted in Ireland also reported that the majority 
(62.3%) of prescriptions for antimicrobials from October 2012 to October 2013 were for 
women.78  
 
Date of birth was not captured in a systematic manner in the RxSolution dispensing module 
across facilities; therefore, age was removed as a variable for the study, and no age analysis 
was conducted.  
 
Table 3 shows the total number of patients and number of patients with an antibiotic 
prescription per facility by district and level of care. Hospital L, the facility with the lowest 
number of total patients (1,541), had the highest percentage of patients with a prescription for 
an antibiotic (53%). Overall, Hospital P had the lowest percentage of patients with a 
prescription for an antibiotic (26%). 
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Table 3: Percentage of Patients with an Antibiotic Prescription per Facility by District and Level of Care 
District Level of Care Facility 

 
Number of 

Patients 
Number of Patients 

with a Prescription for 
an Antibiotic 

Percentage of Patients with a 
Prescription for an Antibiotic 

Bonjala Platinum  
 

District Hospital Hospital C 4,007 1,913 48% 
Regional (Provincial) Hospital Hospital O 8,974 3,838 43% 

District Hospital Hospital B 3,035 864 28% 

Dr. Kenneth 
Kaunda  

 

District Hospital Hospital D  18,275 7,144 39% 
District Hospital Hospital Q 48,911 18,591 38% 
District Hospital Hospital E 8,740 2,384 27% 

Regional (Provincial) Hospital Hospital P  22,585 5,810 26% 

Dr. Ruth Mompati  
 

District Hospital Hospital G 9,536 4,718 49% 
District Hospital Hospital F  14,577 6,584 45% 

Regional (Provincial) Hospital Hospital R 27,060 11,640 43% 
District Hospital Hospital H  38,251 15,499 41% 

Ngaka Modiri 
Molema  

 

District Hospital Hospital L 1,541 811 53% 
District Hospital Hospital N 14,814 7,310 49% 
District Hospital Hospital K  19,426 9,175 47% 
District Hospital Hospital J 18,575 8,650 47% 
District Hospital Hospital I  10,323 3,665 36% 
District Hospital Hospital M  5,447 1,839 34% 

Regional (Provincial) Hospital Hospital S 33,372 9,404 28% 

Total   307,449 119,839 (39%)  
The quartile distribution in table 3 is shown by the following colour coding 

First Quartile: 26% to 33% Second Quartile: >33% to 40% Third Quartile: >40% to 46% Fourth Quartile: >46% to 53% 
 
Facilities are ranked by district from highest to lowest percentage of patients with a prescription for an antibiotic.  
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Volume and Class of Antibiotics Dispensed (ESAC Indicators) 
 
Objectives 2 and 3 of the study were to describe patterns of outpatient antibiotic consumption 
at district and regional (provincial) hospitals and compare outpatient antibiotic consumption 
among facilities. The definition of “consumption” reported in the results of the study refers to 
the volume of antibiotics dispensed and not the volume of antibiotics actually consumed by 
patients (i.e., the study did not evaluate patient use of or adherence to antibiotics). 
 
Comparisons of facilities using the ESAC indicators are provided between study years. The 
calculated ESAC indicators present the volume and quality of outpatient antibiotic 
consumption per fiscal year. In South Africa, a fiscal year refers to the period between April 
1 of one year and March 31 of the following year. Detailed discussions on the assessment of 
changes in volume and quality of antibiotic consumption for the North West study sites are 
presented for FY 13/14 and FY 14/15.  
 
The 12 ESAC quality indicators (table 1) for antibacterial prescribing were calculated from 
antimicrobial consumption data from the RxSolution dispensing module for the 18 public-
sector hospitals included in the study for North West Province. The indicators are expressed 
in DID over the study period. 
 
Data to calculate the ESAC indicators were available for 17 of the 18 facilities (there were no 
data for the Hospital B) in FY 13/14 and for all 18 facilities in FY 14/15. Therefore, the 
ESAC indicators were calculated for 17 facilities in FY 13/14 (April 2013 to March 2014) 
and for 18 facilities in FY 14/15 (April 2014 to March 2015).  
 
A brief discussion on each of the 12 ESAC indicators for the study period follows.  
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Indicator 1: Consumption of Antibacterials for Systemic Use (J01) Expressed 
in DID 
 
From FY 13/14 to FY 14/15, consumption of antibacterials for systemic use (J01) expressed 
in DID decreased for eight (47%) of the 17 facilities (Hospitals O, R, P, S, Q, L, G, and N). 
The greatest decrease over the study period was noted for Hospital L (18.39 to 6.15), while 
the greatest increase took place in Hospital H (35.38 to 93.78) (figure 2).  
 
In Ireland, total prescribing of antimicrobials for systemic use ranged from 1.28 to 24.78 DID 
for general practices from October 2012 to October 2013.79 
 
 

 
Figure 2: Consumption of antibacterials for systemic use (J01) expressed in DID in FY 

13/14 and FY 14/15 
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Indictor 2: Consumption of Penicillins (J01C) Expressed in DID 
 
In FY 13/14, consumption of penicillins (J01C) varied by a factor of 19.68 between the 
highest consumption facility (20.54, Hospital H) and the lowest (0.87, Hospital C). In FY 
14/15, the total consumption of penicillins (J01C) ranged from 51.57 DID (Hospital H) to 
1.36 DID (Hospital O).  
 
From FY 13/14 to FY 14/15, consumption of penicillins for systemic use (J01C) expressed in 
DID decreased for eight facilities. A decrease in consumption of a factor of more than one 
was noted for two (12%) of the 17 facilities (Hospital L: 11.28 to 3.88; Hospital O: 3.08 to 
1.36). An increase was noted for nine (53%) facilities (Hospitals I, F, P, K, C, D, H, M, and 
E). The greatest increase in consumption over the two-year period took place in Hospital H 
(20.54 to 51.57).  
 
The task team involved in the development of the ESAC indicators listed the consumption of 
antibacterials for systemic use (J01) expressed in DID as the most useful indicator. The 
experts stated that this indicator is “likely to best indicate the size of the pressure driving 
antibiotic resistance.” However, they also caution against making decisions based on 
individual indicators. Coenen et al., stated that while a low “consumption of penicillins 
(J01C) expressed in DID apparently reflects good practice, if accompanied by a high 
consumption of cephalosporins (J01D), macrolides, lincosamides, and streptogramins (J01F) 
and quinolones (J01M), it suggests poor practice.”80 (figure 3) 

 
 

 
Figure 3. Consumption of penicillins (J01C) expressed in DID in FY 13/14 and FY 14/15 
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Indicator 3: Consumption of Cephalosporins (J01D) Expressed in DID 
 
For the third quality ESAC indicator (consumption of cephalosporins (J01D) expressed in 
DID) there was no change for four facilities (Hospitals J, K, C, and Q). Figure 4 compares 
cephalosporins (J01D) expressed DID in FY 13/14 and FY 14/15. A negligible increase in 
consumption was observed in four facilities (Hospitals I, S, H, and M). None of these 
facilities had an increase in consumption greater than or equal to 1; however the year-to-year 
variation in cephalosporins consumption is large. 
 
 

 
Figure 4. Consumption of cephalosporins (J01D) expressed in DID in FY 13/14 and FY 

14/15 
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Indicator 4: Consumption of Macrolides, Lincosamides, and Streptogramins 
(J01F) Expressed in DID 
 
The fourth quality ESAC indicator, which outlines the consumption of macrolides, 
lincosamides, and streptogramins (J01F) expressed in DID, showed that consumption of 
macrolides, lincosamides, and streptogramins (J01F) decreased for nine facilities (Hospitals 
O, R, P, S, C, Q, L, G, and N). Only at Hospital L was the decrease greater than or equal to 1 
(4.88 in FY 13/14 to 0.96 in FY 14/15). Consumption increased for the remaining eight 
facilities. For three of the eight (Hospitals I, H, and E) in which an increase was noted, the 
increase was greater than or equal to 1 (figure 5). 
 
 

 
Figure 5. Consumption of macrolides, lincosamides, and streptogramins (J01F) 

expressed in DID in FY 13/14 and FY 14/15 
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Indicator 5: Consumption of Quinolones (J01M) Expressed in DID 
 
The fifth ESAC quality indicator (consumption of quinolones (J01M) expressed in DID), 
decreased for seven of the 17 facilities (Hospitals J, O, R, K, S, L, and G) but not by a factor 
greater than or equal to 1. For one facility (Hospital Q: 0.22 in both years), there was no 
change. Consumption increased for the remaining nine facilities, but only two showed an 
increase by a factor greater than or equal to 1 (Hospital I from 0.16 in FY 13/14 to 1.83 in FY 
14/15; Hospital H from 3.25 in FY 13/14 to 8.02 in FY 14/15) (figure 6).  
 
 

 
Figure 6. Consumption of Quinolones (J01M) Expressed in DID in FY 13/14 and FY 

14/15 
 
 

  

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

Ho
sp

ita
l H

Ho
sp

ita
l I

Ho
sp

ita
l R

Ho
sp

ita
l N

Ho
sp

ita
l E

Ho
sp

ita
l K

Ho
sp

ita
l F

Ho
sp

ita
l G

Ho
sp

ita
l C

Ho
sp

ita
l J

Ho
sp

ita
l S

Ho
sp

ita
l D

Ho
sp

ita
l M

Ho
sp

ita
l O

Ho
sp

ita
l Q

Ho
sp

ita
l P

Ho
sp

ita
l B

Ho
sp

ita
l L

Consumption  
 

FY 13/14

FY 14/15



Results and Discussion 

25 

Indicator 6: Consumption for Beta-Lactamase-Sensitive Penicillins (J01CE)  
 
For the indicator J01CE, high values suggest better quality. Consumption for beta-lactamase-
sensitive penicillins (J01CE) was high in FY 13/14 for Hospitals R, S, C, and N.  
 
Regarding poor consumption, three facilities (Hospitals O, D, and L) had a lower 
consumption of beta-lactamase-sensitive penicillins (J01CE) in FY 13/14, while Hospitals J, 
Q, M, and E showed lower consumption in FY 14/15 (figure 7).  
 
 

 
Figure 7. Consumption of Beta-Lactamase-Sensitive Penicillins (J01CE) in FY 13/14 

and FY 14/15 
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Indicator 7: Consumption of Combinations of Penicillins, Including 
Betalactamase Inhibitors (J01CR)  
 
Indicators for combinations of penicillins including betalactamase inhibitors (J01CR) ranged 
from 0.06% in Hospital L (best quality of consumption) to 28.23% in Hospital M (poorest 
quality of consumption) in FY 13/14. In FY 14/15 the facilities with the best and poorest 
quality of consumption did not change; the indicators for combinations of penicillins, 
including betalactamase inhibitors (J01CR), ranged from 0.15% in Hospital L (best quality of 
consumption) to 22.90% in Hospital M (poorest quality of consumption) (figure 8).  
 
 

 
Figure 8. Consumption of combinations of penicillins, including betalactamase 

inhibitors (J01CR), in FY 13/14 and FY 14/15 
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Indicator 8: Consumption of Third- and Fourth-generation Cephalosporins 
(J01DD and J01DE) 
 
Indicators for consumption of third- and fourth-generation cephalosporins (J01DD and 
J01DE) ranged from 0.01% in Hospital O (best quality of consumption) to 6.35% in Hospital 
R (poorest quality of consumption) in FY 13/14. In FY 14/15, the consumption of third- and 
fourth-generation cephalosporins (J01DD and J01DE) ranged from 0% in Hospital B (best 
quality of consumption) to 2.27% in Hospital R (poorest quality of consumption) (figure 9). 
  
 

 
Figure 9. Consumption of third- and fourth-generation cephalosporins (J01DD and 

J01DE) in FY 13/14 and FY 14/15 
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Indicator 9: Consumption of Fluoroquinolones (J01MA) 
 
The highest consumption of fluoroquinolones (J01MA) in FY 13/14 was noted in Hospital H. 
In FY 14/15, the highest consumption was noted in Hospital O, and the lowest consumption 
was noted in Hospital L in both years (0.77 in FY 13/14; 2.51 in FY 14/15) (figure 10).  
 
 

 
Figure 10. Consumption of fluoroquinolones (J01MA) expressed in DID in FY 13/14 

and FY 14/15 
 

 
 
 

  

0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

12.00%

Ho
sp

ita
l O

Ho
sp

ita
l E

Ho
sp

ita
l S

Ho
sp

ita
l N

Ho
sp

ita
l R

Ho
sp

ita
l H

Ho
sp

ita
l C

Ho
sp

ita
l M

Ho
sp

ita
l I

Ho
sp

ita
l F

Ho
sp

ita
l G

Ho
sp

ita
l K

Ho
sp

ita
l B

Ho
sp

ita
l J

Ho
sp

ita
l Q

Ho
sp

ita
l p

Ho
sp

ita
l D

Ho
sp

ita
l L

Co
ns

um
pt

io
n 

FY13/14

FY14/15



Results and Discussion 

29 

Indicator 10: Quality Indicator on the Ratio of Broad- to Narrow-Spectrum 
Antibacterials 
 
This indicator was calculated for 15 facilities in FY 13/14 and 13 facilities in FY 14/15. 
Indicator values ranged from 0.03 in Hospital L to 8.86 in Hospital R in FY 13/14. In FY 
14/15, values ranged from 1.42 (Hospital Q) to 13.82 (Hospital H). In both years, more 
facilities used narrow-spectrum than broad-spectrum antibiotics, indicating good practice 
(figure 11).  
 
 

 
Figure 11. Consumption of the ratio of broad- to narrow-spectrum antibacterials in FY 

13/14 and FY 14/15 
 
 
Indicator 11: Seasonal Variation of Total Antibiotic Consumption (J01) 
 
The seasonal variation of total antibiotic consumption (J01) was calculated after adjusting for 
the difference in winter and summer months between the northern and southern hemispheres. 
Indicator values for the seasonality of total consumption of antibacterials for systemic use 
(J01) for the two-year period ranged from -50.31% (Hospital C) to 42.72% (Hospital S) in 
FY 13/14 and from -78.97% in Hospital I to 82.39% (Hospital L); negative values indicate 
more usage of antibacterials in the summer months. The higher consumption in the summer 
months could be due to higher antibiotic prescribing to treat allergic sinusitis, rhinitis, and 
diarrhea, which might also be more prevalent in the summer months in lower socioeconomic 
areas where there might be a lack of refrigerators to store food.  
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Indicator 12: Seasonal Variation of Quinolone Consumption (J01M) 
 
The seasonal variation of quinolone consumption (J01M) was calculated after adjusting for 
the difference in winter and summer months between the northern and southern hemispheres. 
The indicator values for seasonality of the consumption of quinolone antibacterials (J01M) 
ranged from -89.37% (Hospital I) to 66.86% (Hospital P); negative values indicate a higher 
use of quinolones in the summer months. Higher usage in the winter months could be 
indicative of irrational prescribing of quinolones to treat viral infections. The Scottish 
Antimicrobial Prescribing Group recommends that the seasonal variation in quinolone use 
should be less than or equal to 5%.81  
 
After calculating each ESAC indicator for each facility in which data were available, the 
ESAC indicators were grouped according to quartiles as described by Adriaenssens et al. The 
authors explained that “for all indicator values, except J01CE_%, values within the first 
quartile [i.e., values ≤ percentile 25 (p25)] suggest better quality than indicator values within 
the second quartile (i.e., p25, values ≤ p50), which in turn suggest better quality than 
indicator values within the third quartile (i.e., p50, values ≤ p75), which suggest better quality 
than indicator values within the fourth quartile (i.e. p75 < values ≤ p100)) for that 
indicator.”82 By contrast, high values for the indicator J01CE_% “suggest better quality with 
the best quality being within the fourth quartile (i.e. p75 < values ≤ p100).”83  
 
Tables 4 and 5 show the indicator values for 17 and 18 facilities for FY 13/14 and FY 14/15, 
respectively. The indicators from facilities were ranked from the fourth quartile to the first 
quartile. 
 
To evaluate changes in quality between FY 13/14 and FY 14/15 for each indicator, the FY 
14/15 indicator values were grouped into four quartiles according to the quartile distribution 
of the FY 13/14 indicator values (table 6). Tables 4, 5, and 6 outline facilities listed from poor 
to better performing. Ranking the facilities in this manner promotes benchmarking across 
facilities.  
 
In FY 13/14, Hospitals P, C, Q, and J showed higher antibiotic consumption than did 
Hospitals G, H, R, and L (table 4).  
 
In FY 14/15, Hospitals B, P, L, Q, F, and J were ranked better than Hospitals H, R, I, K, and 
E (table 5).  
 
In FY 13/14, four of the 17 facilities did not report any indicator in the fourth quartile. In FY 
14/15, all facilities reported at least one ESAC indicator in the fourth quartile. Excluding 
Hospital B, which had no data for FY 13/14, and taking all ESAC indicators into 
consideration, Hospital P remained the best performing facility among the remaining 17 for 
FY 14/15. 
 
Table 6 shows the indicator values for the 18 facilities for FY 14/15 grouped into four 
quartiles based on the FY 13/14 quartile distribution. Hospitals Q, F, B, and P remain the 
better performing facilities. Outlier values were noted for two ESAC indicators (seasonal 
variation and average of J01CE %), in two (Hospitals I and H) and four (Hospitals I, Q, M, 
and E) facilities, respectively. 
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*No data were available for Hospital B in FY 13/14. 
 

 

Values within the first quartile (i.e., p0 ≤ values ≤ p25) 

  Values within the second quartile (i.e., p25 < values ≤ p50)  
  Values within the third quartile (i.e., p50 < values ≤ p75) 

  Values within the fourth quartile (i.e., p75 < values ≤ p100) 
 
 

Table 4. ESAC Indicators for FY 13/14* 
  Consumption Relative consumption   

Broad/ 
narrow Seasonal variation 

Facility 
Average of J01-DID 

(Antibacterials) 

Average of J01C-
DID 

(Penicillins) 

Average of J01D-
DID 

(Cephalosporins) 

Average of J01F-
DID 

(Macrolides, 
Lincosamides and 
Streptogramins) 

Average of 
J01M-DID 

(Quinolones) 

Average of 
J01CE% 

(β-lactamase-
Sensitive 

Penicillins) 

Average of 
J01CR% 

(Combinations of 
Penicillins) 

Average of 
J01DD+DE% 

Third- and Fourth-
generation 

Cephalosporins 

Average of 
J01MA% 

(Fluoroquin
olones) 

Average of 
J01B/N 
(Broad-

Spectrum to 
Narrow 

Spectrum) 

SV J01 
(Seasonal 

variation of 
Total 

Antibiotic 
Consumpti

on) 

SV J01M 
Seasonal 

Variation of 
Quinolone 

Consumption 
Hospital G 11.67 8.63 0.49 0.43 0.57 0.52% 18.89% 3.96% 4.79% 7.09 16.72% 39.48% 
Hospital H 35.38 20.54 0.21 2.42 3.25 0.25% 11.49% 0.61% 9.11% 4.36 -7.29% -37.10% 
Hospital R 25.92 11.93 3.01 0.53 1.70 2.17% 9.72% 6.35% 7.89% 8.86 -29.71% -19.81% 
Hospital L 18.39 11.28 0.08 4.88 0.13 0.15% 0.06% 0.46% 0.77% 0.03 -8.54% 20.74% 
Hospital O 5.67 3.08 0.17 0.29 0.46 0.14% 8.77% 0.01% 8.45% 3.41 38.29% 36.48% 
Hospital N 13.22 7.71 0.09 0.80 1.02 1.56% 18.17% 0.70% 7.78% 2.77 15.83% -0.45% 
Hospital E 4.47 2.50 0.25 0.53 0.40 0.20% 10.96% 5.17% 8.89% 1.91 -1.65% -5.69% 
Hospital S 4.69 2.80 0.09 0.35 0.39 3.13% 18.21% 0.17% 8.63% 1.99 42.72% 19.68% 
Hospital D 4.85 2.68 0.02 1.09 0.23 0.15% 17.71% 0.51% 4.61% 1.00 -8.24% 34.61% 
Hospital K 13.94 7.95 0.06 0.96 0.79 1.40% 8.17% 0.44% 5.76% 1.13 15.38% -11.89% 
Hospital F 8.73 6.04 0.05 0.25 0.51 1.16% 13.47% 0.48% 5.84% 5.63 -14.51% -38.46% 
Hospital M 5.16 3.65 0.02 0.20 0.15 0.46% 28.23% 0.32% 2.00%   -40.67% -59.00% 
Hospital I 8.13 5.66 0.07 0.22 0.16 0.66% 14.87% 0.86% 1.85%   -43.09% -50.45% 
Hospital J 9.11 7.33 0.01 0.58 0.40 0.37% 12.85% 0.13% 4.42% 2.34 2.48% 2.18% 
Hospital K 6.91 4.15 0.04 0.90 0.22 0.19% 13.16% 0.21% 3.18% 1.11 7.90% -24.79% 
Hospital C 1.78 0.87 0.01 0.43 0.13 1.69% 8.57% 0.40% 7.78% 1.33 -50.31% -52.34% 
Hospital P 6.52 1.25 0.12 0.21 0.12 0.56% 4.78% 0.04% 1.92% 1.85 -12.04% -36.22% 
             
p0 1.78 0.87 0.01 0.20 0.12 3.13% 0.06% 0.01% 0.77% 0.03 -50.31% -59.00% 
p25 5.00 2.74 0.03 0.27 0.15 1.48% 8.67% 0.19% 2.59% 1.13 -22.11% -37.78% 
p50 8.13 5.66 0.08 0.525 0.40 0.52% 12.85% 0.46% 5.76% 1.99 -7.29% -11.89% 
p75 13.58 8.29 0.19 0.93 0.68 0.19% 17.94% 0.78% 8.17% 4.36 15.61% 20.21% 
p100 35.38 20.54 3.01 4.88 3.25 0.14% 28.23% 6.35% 9.11% 8.86 42.72% 39.48% 

“For all indicator values, except J01CE_%, values within the first quartile [i.e. values ≤percentile 25 (p25)] suggest better quality 
than indicator values within the second quartile (i.e., p25, values ≤p50), which in turn suggest better quality than indicator values 
within the third quartile (i.e., p50, values ≤p75), which suggest better quality than indicator values within the fourth quartile (i.e., 
p75 < values ≤ p100) for that indicator.” Only for the indicator J01CE_%, high values of the indicator suggest better quality with 
the best quality being within the fourth quartile (i.e. p75 < values ≤ p100).”  
Niels Adriaenssens, Samuel Coenen, Ann Versporten, Arno Muller, Vanessa Vankerckhoven and Herman Goossens on behalf 
of the ESAC Project Group European Surveillance of Antimicrobial Consumption (ESAC): quality appraisal of antibiotic use 
in Europe. J Antimicrob Chemother 2011; 66 Suppl 6: vi71–vi77 
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Table 5. ESAC Indicators for FY 14/15 

  Consumption Relative consumption 
Broad/ 
narrow Seasonal variation 

Facility 

Average of J01-
DID 

(Antibacterials) 

Average of 
J01C-DID 

(Penicillins) 

Average of J01D-
DID 

(Cephalosporins) 

Average of J01F-
DID 

(Macrolides, 
Lincosamides and 
Streptogramins) 

Average of 
J01M-DID 

(Quinolones) 

Average of 
J01CE% 

(β-
lactamase-
Sensitive 
Penicillins) 

Average of 
J01CR% 

(Combinations 
of Penicillins) 

Average of 
J01DD+DE% 

Third- and 
Fourth-
generation 
Cephalosporins 

Average of 
J01MA% 

(Fluoroquinolones) 

Average 
of J01B/N 
(Broad-
Spectrum 
to Narrow 
Spectrum) 

SV J01 
(Seasonal 
variation of 
Total 
Antibiotic 
Consumption) 

SV J01M 
Seasonal 
Variation of 
Quinolone 
Consumption 

Hospital H 93.78 51.57 0.71 5.16 8.02 0.25% 13.38% 0.79% 8.11% 13.84 -75.86% -76.55% 
Hospital R 18.32 11.26 0.53 0.37 1.53 1.28% 11.97% 2.27% 8.34% 9.70 4.02% 10.23% 
Hospital I 24.25 15.22 0.13 1.71 1.83 1.13% 10.57% 0.43% 5.48% 4.43 -78.97% -89.37% 
Hospital K 14.85 9.41 0.06 1.13 0.65 0.97% 9.45% 0.44% 4.36% 1.63 -6.66% -21.64% 
Hospital E 9.04 4.36 0.06 2.22 0.78 0.04% 8.46% 0.48% 9.36%   -32.32% -0.99% 
Hospital N 11.90 7.01 0.00 0.70 1.07 1.31% 18.20% 0.02% 8.93%   52.34% 65.98% 
Hospital G 11.26 8.45 0.04 0.40 0.49 0.58% 20.13% 0.32% 4.43% 8.32 -13.66% -20.58% 
Hospital M 5.44 4.08 0.04 0.37 0.29 0.00% 22.90% 0.79% 6.04% 5.54 21.37% -20.87% 
Hospital D 10.37 6.69 0.01 1.55 0.29 0.27% 20.05% 0.10% 3.11% 13.37 -31.79% -13.53% 
Hospital S 4.37 2.57 0.33 0.32 0.35 2.90% 21.56% 0.08% 9.10% 3.63 -34.53% -2.57% 
Hospital O 2.50 1.36 0.06 0.27 0.23 0.90% 13.64% 0.30% 10.83%   -9.07% 26.64% 
Hospital C 4.39 2.77 0.01 0.20 0.39 1.37% 9.93% 0.07% 7.82%   55.22% 33.31% 
Hospital J 9.76 7.19 0.01 1.02 0.37 0.07% 15.56% 0.06% 4.02% 3.47 -25.22% -13.07% 
Hospital F 11.20 7.54 0.01 0.73 0.56 0.85% 13.92% 0.06% 4.88% 2.28 -13.81% -23.60% 
Hospital Q 6.60 4.01 0.04 0.76 0.22 0.07% 13.55% 0.01% 3.32% 1.42 6.94% 8.41% 
Hospital L 6.15 3.88 0.02 0.96 0.12 0.77% 0.15% 0.27% 2.51%   82.39% -52.45% 
Hospital P 6.46 1.38 0.03 0.18 0.20 0.48% 6.12% 0.05% 3.16% 2.05 11.60% 66.86% 
Hospital B 3.39 1.66 0.00 0.49 0.17 1.76% 7.89% 0.00% 4.31% 1.69 -30.11% 60.42% 
             
p0 2.50 1.36 0.00 0.18 0.12 2.90% 0.15% 0.00% 2.51% 1.42 -78.97% -89.37% 
p25 4.66 2.62 0.01 0.33 0.22 1.26% 8.71% 0.05% 3.49% 1.69 -31.37% -21.44% 
p50 7.82 4.22 0.03 0.72 0.36 0.81% 13.59% 0.09% 4.66% 3.47 -11.36% -7.82% 
p75 11.25 7.45 0.06 1.10 0.63 0.12% 19.59% 0.40% 8.66% 5.54 18.92% 31.64% 
p100 24.25 15.22 0.33 2.22 1.83 0.00% 22.90% 0.79% 10.83% 13.84 82.39% 66.86% 

 
Values within the first quartile (i.e., p0 ≤ values ≤ p25) 

  
Values within the second quartile (i.e., p25 < values ≤ p50)  

  Values within the third quartile (i.e., p50 < values ≤ p75) 

  Values within the fourth quartile (i.e., p75 < values ≤ p100) 

“For all indicator values, except J01CE_%, values within the first quartile [i.e., values ≤percentile 25 (p25)] suggest better quality than 
indicator values within the second quartile (i.e., p25, values ≤p50), which in turn suggest better quality than indicator values within the 
third quartile (i.e., p50, values ≤p75), which suggest better quality than indicator values within the fourth quartile (i.e., p75 < values ≤ 
p100) for that indicator.” Only for the indicator J01CE_%, high values of the indicator suggest better quality with the best quality being 
within the fourth quartile (i.e. p75 < values ≤ p100).”  
Niels Adriaenssens, Samuel Coenen, Ann Versporten, Arno Muller, Vanessa Vankerckhoven and Herman Goossens on behalf of 
the ESAC Project Group European Surveillance of Antimicrobial Consumption (ESAC): quality appraisal of antibiotic use in 
Europe. J Antimicrob Chemother 2011; 66 Suppl 6: vi71–vi77 
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Table 6. Comparing ESAC Indicators for FY 14/15 and FY 13/14  
  Consumption Relative consumption 

Broad/ 
narrow Seasonal variation 

Facility 

Average of J01-
DID 

(Antibacterials) 

Average of 
J01C-DID 

(Penicillins) 

Average of J01D-
DID 

(Cephalosporins) 

Average of J01F-
DID 

(Macrolides, 
Lincosamides and 
Streptogramins) 

Average of 
J01M-DID 

(Quinolones) 

Average of 
J01CE% 

(β-lactamase-
Sensitive 
Penicillins) 

Average of 
J01CR% 

(Combinations 
of Penicillins) 

Average of 
J01DD+DE% 

Third- and Fourth-
generation 
Cephalosporins 

Average of 
J01MA% 

(Fluoroquinolones) 

Average of 
J01B/N 

(Broad-
Spectrum to 
Narrow 
Spectrum) 

SV J01 
(Seasonal variation 
of Total Antibiotic 
Consumption) 

SV J01M 
Seasonal 
Variation of 
Quinolone 
Consumption 

Hospital H 93.78 51.57 0.71 5.16 8.02 0.25% 13.38% 0.79% 8.11% 13.84 -75.86% -76.55% 
Hospital R 18.32 11.26 0.53 0.37 1.53 1.28% 11.97% 2.27% 8.34% 9.70 4.02% 10.23% 
Hospital I 24.25 15.22 0.13 1.71 1.83 1.13% 10.57% 0.43% 5.48% 4.43 -78.97% -89.37% 
Hospital N 11.90 7.01 0.00 0.70 1.07 1.31% 18.20% 0.02% 8.93%   52.34% 65.98% 
Hospital M 5.44 4.08 0.04 0.37 0.29 0.00% 22.90% 0.79% 6.04% 5.54 21.37% -20.87% 
Hospital E 9.04 4.36 0.06 2.22 0.78 0.04% 8.46% 0.48% 9.36%   -32.32% -0.99% 
Hospital D 10.37 6.69 0.01 1.55 0.29 0.27% 20.05% 0.10% 3.11% 13.37 -31.79% -13.53% 
Hospital K 14.85 9.41 0.06 1.13 0.65 0.97% 9.45% 0.44% 4.36% 1.63 -6.66% -21.64% 
Hospital G 11.26 8.45 0.04 0.40 0.49 0.58% 20.13% 0.32% 4.43% 8.32 -13.66% -20.58% 
Hospital S 4.37 2.57 0.33 0.32 0.35 2.90% 21.56% 0.08% 9.10% 3.63 -34.53% -2.57% 
Hospital O 2.50 1.36 0.06 0.27 0.23 0.90% 13.64% 0.30% 10.83%   -9.07% 26.64% 
Hospital C 4.39 2.77 0.01 0.20 0.39 1.37% 9.93% 0.07% 7.82%   55.22% 33.31% 
Hospital L 6.15 3.88 0.02 0.96 0.12 0.77% 0.15% 0.27% 2.51%   82.39% -52.45% 
Hospital J 9.76 7.19 0.01 1.02 0.37 0.07% 15.56% 0.06% 4.02% 3.47 -25.22% -13.07% 
Hospital P 6.46 1.38 0.03 0.18 0.20 0.48% 6.12% 0.05% 3.16% 2.05 11.60% 66.86% 
Hospital B 3.39 1.66 0.00 0.49 0.17 1.76% 7.89% 0.00% 4.31% 1.69 -30.11% 60.42% 
Hospital F 11.20 7.54 0.01 0.73 0.56 0.85% 13.92% 0.06% 4.88% 2.28 -13.81% -23.60% 
Hospital Q 6.60 4.01 0.04 0.76 0.22 0.07% 13.55% 0.01% 3.32% 1.42 6.94% 8.41% 
             
p0 1.78 0.87 0.00 0.18 0.12 3.13% 0.06% 0.00% 0.77% 0.03 -50.31% -59.00% 
p25 5.00 2.74 0.03 0.27 0.15 1.48% 8.67% 0.19% 2.59% 1.13 -22.11% -37.78% 
p50 8.13 5.66 0.08 0.53 0.40 0.52% 12.85% 0.46% 5.76% 1.99 -7.29% -11.89% 
p75 13.58 8.29 0.19 0.93 0.68 0.19% 17.94% 0.78% 8.17% 4.36 15.61% 20.21% 
p100 35.38 20.54 3.01 4.88 3.25 0.14% 28.23% 6.35% 9.11% 8.86 42.72% 39.48% 

  Values within the first quartile (i.e., p0 ≤ values ≤ p25) 

  Values within the second quartile (i.e., p25 < values ≤ p50)  
  Values within the third quartile (i.e., p50 < values ≤ p75) 
  Values within the fourth quartile (i.e., p75 < values ≤ p100) 

  Outlier values 

“For all indicator values, except J01CE_%,, values within the first quartile [i.e., values ≤percentile 25 (p25)] suggest better quality 
than indicator values within the second quartile (i.e., p25, values ≤p50), which in turn suggest better quality than indicator values 
within the third quartile (i.e., p50, values ≤p75), which suggest better quality than indicator values within the fourth quartile (i.e., 
p75 < values ≤ p100) for that indicator.” Only for the indicator J01CE_%, high values of the indicator suggest better quality with 
the best quality being within the fourth quartile (i.e., p75 < values ≤ p100).”  
Niels Adriaenssens, Samuel Coenen, Ann Versporten, Arno Muller, Vanessa Vankerckhoven and Herman Goossens on behalf 
of the ESAC Project Group European Surveillance of Antimicrobial Consumption (ESAC): quality appraisal of antibiotic use 
in Europe. J Antimicrob Chemother 2011; 66 Suppl 6: vi71–vi77 
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Interpretations of the rankings should be approached with caution because the ESAC 
indicators are not independent of one another. Monitoring over a longer period of time is 
needed to identify significant trends. The ESAC indicators help set a baseline to allow 
benchmarking across hospitals and promote the monitoring of trends over time. Effective 
surveillance systems should be more than just data collections. As outlined in the First 
Australian report on antimicrobial use and resistance in human health, “Surveillance should 
provide links between data sources, and appropriate analyses that deliver meaningful and 
accessible information for actions to prevent and contain AMR”.84 
 
 
Antibiotic Prescribing Practices 
 
In terms of Objective 4 of the study, which is to describe antibiotic prescribing practices for 
outpatients at district and regional (provincial) hospitals, results will be presented for:  
 

• Number of prescriptions dispensed with an antibiotic 
• Average number of medicines and antibiotics dispensed per prescription 
• Duration of antibiotic treatment 
• Antibiotics dispensed 
• Percentage prescriptions by ATC categories  

 
Aggregated results are presented in this section.  
 
The discussion of results will include a comparison of the results to the literature and to three 
hospital-level STGs and EMLs that were applicable during the study period:  
 

• Adult: Hospital-level STGs and EML, 2012 (published in 2012) 
• Paediatric: Hospital-level STGs and EML, 2006 (published in 2006) 
• Paediatric: Hospital-level STGs and EML, 2013 (published in January 2014) 

 
The current version of the Adult: Hospital-level STGs and EML was published in 2016 (after 
the study period) and is therefore not applicable.  

 
Prescriptions Dispensed with Antibiotic 
 
Between April 2013 and March 2015, 1,348,119 prescriptions were dispensed at the 18 study 
facilities for the 307,449 patients for whom data were extracted. Of these, 30% (408,514) 
were for antibiotics. Of the antibiotic prescriptions dispensed, 27% (112,085) were for either 
co-trimoxazole alone or co-trimoxazole and other antibiotics. Co-trimoxazole was 
recommended in the adult hospital-level STGs and EML for the prophylaxis of opportunistic 
infections related to HIV and AIDS.85 In paediatric patients, after 2013, indications were for 
conditions related to the alimentary and respiratory track but for durations of less than 28 
days.86 Co-trimoxazole was excluded from the analysis because it is a prophylaxis treatment 
and because the large number of prescriptions might have biased the study results. After 
excluding prescriptions for co-trimoxazole alone, 40% (162,828) of the antibiotic 
prescriptions were analysed (figure 12).  
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Figure 12. Total number of prescriptions and number of prescriptions with an 
antibiotic (excluding co-trimoxazole) 

 
 
On average, four (SD=0.7) medicines were dispensed per prescription. In a cross-sectional 
study conducted at 15 public hospitals in Limpopo and the Western Cape, Mohlalal et al., 
reported that on average, 3.4 and 3 items were dispensed per prescription, respectively. 
Furthermore, when the authors compared the number of items to other countries, they found 
that Nigeria had a higher number of items per prescription (4.4) in medical outpatient clinics 
in a tertiary public hospital.87 Higher average numbers of items per prescription have been 
reported in South African studies in both private- and public-sector inpatient and outpatient 
settings. In a retrospective study conducted in the Eastern Cape of 2,352 antimicrobial 
prescriptions in the private sector, on average 12.5% of prescriptions were for five or more 
items.88 In ICU settings in both public and private hospitals in South Africa, the number of 
items reported per antimicrobial prescription ranged from one to 10.89 The current study 
appears to have a higher number of items per prescription, which is in keeping with what has 
been reported for public-sector hospital-level prescribing practices.  
 
In the North West study, the average number of antibiotic products per patient per 
prescription was determined to be one (SD=0.1).  
 
The majority (60%) of antibiotic prescriptions were for only one antibiotic. The frequencies 
of prescriptions with two and three antibiotics were 33% (SD=9) and 6% (SD=6), 
respectively. Prescriptions with four (0.3%, SD=0.3) or five or more (0.4%, SD=1.2) 
antibiotics were also noted. The majority of these irrational polypharmacy prescriptions were 
from Hospital H. The prescriptions that included four or more antibiotics did not align with 
the relevant STGs and EMLs. Significant irrational practices were highlighted for 
prescriptions of up to eight antibiotics, including two penicillins and two quinolones 
prescribed simultaneously. Examples of irrational prescriptions included broad-spectrum 
amoxicillin and erythromycin being prescribed in combination and flucloxacillin being 
prescribed in combination with amoxicillin. A summary of the number and type of 
prescriptions with four or more antibiotics is outlined in Annex E.  

408,514 scripts 

40% (162,828) of 
antibiotic 

prescriptions 
excluding co-

trimoxazole alone 

 

 112,085 prescriptions 
with co-trimoxazole alone 

or co-trimoxazole with 
another antibiotic 
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In FY 13/14, 249 prescriptions for naledixic acid were noted. While a lower number of 
prescriptions was recorded in FY 14/15, naledixic acid was not recommended in any of the 
STGs or EMLs during the study period. These prescriptions that were not aligned with the  
 
STGs and EMLs can be categorised as irrational prescriptions. Table 7 provides a breakdown 
of naledixic acid prescriptions by facility in FY 13/4 and FY 14/15. 
 
 
Table 7. Number of Prescriptions with Naledixic Acid in FY 13/14 and FY 14/15 

Facility  FY 13/14 FY 14/15 
Hospital P 13 19 
Hospital K 109 14 
Hospital H 40 14 
Hospital Q 43 13 
Hospital N 7 9 
Hospital S 5 4 
Hospital F 4 1 
Hospital R 23 1 
Hospital C 2 1 
Hospital I 1 - 
Hospital O 1 - 
Hospital J 1 - 

Total 249 76 
 
 
Of the total number of antibiotic prescriptions (excluding co-trimoxazole), 60.12% (25,606) 
were for amoxicillin and clavulanic acid. This combination raises concern because it is not 
reflective of rational prescribing that aligns with South Africa’s STGs and EML. It is 
assumed that the prescriber’s and dispenser’s intent was to increase the dose of amoxicillin. 
However, the maximum amoxicillin dose recommended in the adult 2012 STGs and EML14 
was a 2,000 mg (2 g) immediate dose for infective endocarditis. This dose would have been 
possible by dispensing 4 500 mg amoxicillin capsules. The occurrence of a stock-out of 
amoxicillin cannot easily explain the combination because there was no indication for the use 
of 1,375 mg or more of amoxicillin in conjunction with clavulanic acid in the STGs and EML 
for the study period.  
 
One possible explanation for why prescribers are more likely to align their practices with the 
South African Medicines Formulary (SAMF) rather than the STGs and EML is that the 10th 
(2012)90 and 11th (2014)91 editions of the SAMF recommended adding additional amoxicillin 
to a prescription for amoxicillin with clavulanic acid for infections requiring higher doses. 
Twice daily dosing preparations with higher doses of amoxicillin with clavulanic acid are 
available for private-sector use. However, in the current study, it is unclear why this 
prescribing practice was undertaken and for what condition the increased dose was intended. 
Only one of the study facilities, Hospital L, did not follow this practice.  
 
Duration of Antibiotic Treatment 
 
The average duration of antibiotics (excluding co-trimoxazole) was seven (SD=2.6) days. 
The average duration for a co-trimoxazole prescription was 29 (SD=3.9) days. This is in 
keeping with the duration recommended for antibiotics in the STGs and EML during the 
study period, in which recommendations range from one day for amoxicillin (as an 
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immediate prophylaxis dose before dental procedures) to 30 days for co-trimoxazole for 
various indications.  
 
Prescriptions by ATC Classification Categories  
 
On average over the two-year study period, a combination of sulfonamides and trimethoprim, 
including derivatives (JO1EE; 39.04%, SD=21) was the most frequently dispensed ATC 
category. This is expected because co-trimoxazole falls under the sulfonamides and 
trimethoprim ATC classification, including derivatives. When JO1EE (sulfonamides and 
trimethoprim, including derivatives) was excluded, penicillins with extended spectrum 
(J01CA; 26.14%, SD=11) and combinations of penicillins, including beta-lactamase 
inhibitors (J01CR; 11.82%, SD=6), were the most frequently prescribed ATC classes. The 
prescribing frequency of antibiotics in the different ATC classes is shown in Figure 13.  
 
 

 
Figure 13. Prescribing frequency of ATC classes* (*definitions as per WHO ATC 

Classification) 
 
 
When FY 13/14 was compared to FY 14/15, an increase in dispensing was noted for four of 
12 ATC classes. These classes included penicillins with extended spectrum (JO1CA; 39% to 
40%); combinations of penicillins, including beta-lactamase inhibitors (J01CR; 12% to 14%); 
fluoroquinolones (JO1MA; 6% to 7%); and imidazole derivatives (JO1XD; 4% to 6%). The 

8% 

43% 

1% 
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greatest decrease in dispensing by ATC class was noted for tetracyclines (J01AA) and third-
generation cephalosporins (J01DD). Dispensing for both these ATC classes decreased by 2% 
from FY 13/14 to FY 14/15 (figure 14).  
 
 

 
Figure 14. Comparison of the percentages of ATC classes dispensed in FY 13/14 and 

FY 14/15 
 
 
On average for a seven-day treatment, amoxicillin (J01CA) was the most frequently 
prescribed antibiotic (41%, SD=18%), followed by amoxicillin with clavulanic acid (J01CR, 
24%, SD=15%). Doxycycline (J01AA) was the most frequently prescribed antibiotic (41%, 
SD=29%) for a 7- to 14-day duration, followed by amoxicillin (J01CA; 8%, SD=9%). For a 
duration longer than 14 days, ciprofloxacin (J01MA) was the most frequently prescribed 
antibiotic (19%, SD 37%).  
 
These findings are in keeping with the 2012 adult hospital-level STGs and EML, in which 
amoxicillin or amoxicillin with clavulanic acid were recommended more than 20 times for 
infections and conditions related to the cardiovascular system; gynaecology; obstetrics; the 
respiratory system; ear, nose, and throat disorders; the alimentary tract; dermatology; 
nephrology/urological disorders; the endocrine system; and poisoning.92 Amoxicillin was 
also frequently recommended in both the 2006 and 2012 paediatric STGs for that period.93,94 

For durations greater than seven days in adults, doxycycline was recommended for 
dermatological conditions (acne), sexual assault, and pelvic inflammatory disease in 
gynaecology patients; sexually transmitted infections in obstetric patients (syphilis); prostatis 
(nephrology/urological disorders) in arthritis; areactive/Reiter's Syndrome (musculoskeletal 
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disorders); respiratory disorders (community-acquired pneumonia); and systemic and 
nosocomial infections (tick bite fever and bruceliosis).14 In the 2006 paediatric STGs and 
EML, doxycycline was recommended for acne; P.Falciparum malaria (non-severe, 
uncomplicated); P.Falciparum malaria (severe, complicated or if repeated vomiting); and tick 
bite fever. In the 2012 paediatric STGs and EML, doxycycline was recommended for acne 
and tick bite fever for a period of at least seven days. 95 

 
Ciprofloxacin was recommended for adult patients for a duration of two weeks or more for 
peritonitis (14 days); prostatitis (14 days in men > 35 years and 28 days for chronic/relapse/ 
persistent infection); otitis externa, necrotising (28 days); and typhoid fever (chronic carriers 
for 28 days).96 Ciprofloxacin was also recommended in the paediatric STGs during this 
period; however, there was no paediatric indication for ciprofloxacin for more than seven 
days.97,98 
 
Further discussion and interpretation is limited because age and diagnosis information were 
not adequately captured in the RxSolution dispensing module in North West Province.  
 
Figure 15 shows the frequency and duration of antibiotics dispensed, and table 8 shows the 
type of antibiotic dispensed by ATC class and duration. 
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Table 8. Type of Antibiotic Dispensed by ATC Classification by Duration 
 < 7 days 7 to 13 days ≥ 14 days 

Definition Antibiotic ATC Code Frequency (%) (SD) Frequency (%) (SD) Frequency (%) (SD) 
 Tetracyclines Doxycycline J01AA 8.46 (22.75) 40.96 (28.74) 0.98 (3.65) 

Penicillins Penicillins with extended spectrum Amoxycillin J01CA 40.65 (18.32) 20.96(20.97) 2.44 (9.60) 
Combinations of penicillins, including beta-lactamase inhibitors Amoxycillin, Clavulanic Acid J01CR 24.01 (15.13) 8.34 (8.73) 0.02 (0.04) 
Beta-lactamase-resistant penicillins Flucloxacillin J01CF 7.27 (5.04) 5.05 (4.80) 0.13 (0.47) 
Beta-lactamase-sensitive penicillins Phenoxymethylpenicillin J01CE 0.39 (0.45) 1.28 (1.49) 0.18 (0.33) 

Macrolides, lincosamides, and streptogramins Azithromycin J01FA 0.14 (0.24) 0.17 (0.64) 0.00 (0.01) 
Clarithromycin J01FA 0.10 (0.41) 0.04 (0.15) 0.28 (0.93) 
Erythromycin J01FA 1.21 (2.33) 4.03 (10.64) 5.62 (22.89) 
Erythromycin Estolate J01FA 0.95 ( 0.85) 1.07 (1.03) 0.12 (0.46) 
Erythromycin Stearate J01FA 2.44 (2.88) 3.21 (2.71) 0.73 (2.98) 

Cephalosporins First-generation cephalosporins Cephalexin J01DB 0.07 ( 0.27) 0.06 (0.23) 0.00 (0.00) 
Second-generation cephalosporins Cefuroxime J01DC 1.16 (1.98) 0.75 (1.52) 0.00 (0.00) 
Third-generation cephalosporins Cefixime J01DD 1.95 (3.14) 0.15 (0.47) 0.00 (0.01) 

 Lincosamides Clindamycin J01FF 0.43 (1.14) 1.52 (4.24) 0.00 (0.01) 
Combinations of sulfonamides and trimethoprim, including derivatives Co-Trimoxazole JO1EE 3.73 (4.44) 9.88 (22.29) 64.31 (45.66) 
Fluoroquinolones Ciprofloxacin J01MA 6.67 (3.48) 3.74 (5.03) 19.01 (37.02) 

Moxifloxacin J01MA 0.01 (0.04) 0.01 (0.04) 0.00 (0.00) 
Ofloxacin J01MA 0.00 ( 0.00) 0.00 (0.02) 0.00 (0.00) 

Other quinolones Nalidixic Acid J01MB 0.45 (1.60) 0.59 (1.22) 0.03 (0.08) 
Imidazole derivatives Metronidazole J01XD 0.04 (0.12) 5.51 (15.25) 0.01 (0.03) 

 
 



Surveillance of Outpatient Antibiotic Consumption: Feasibility Study in North West Province (Anonymised) 

42 

The antibiotic prescribing patterns in North West Province align to patterns reported in the 
literature for antibiotic prescribing in the public-health sector of South Africa. In 2010, 
Holloway et al., reported that co-trimoxazole, amoxicillin, and tetracyclines were dispensed 
more frequently in the public sector. The study also found high usage of the fluoroquinolones 
in South African public-sector facilities. However, these were PHC facilities in Durban and 
Britz, where single doses of ciprofloxacin were used for sexually transmitted infections.99 
The current study assessed antibiotic patterns in district and regional (provincial) public-
sector hospitals in North West Province, where ciprofloxacin was dispensed in line with the 
adult STGs and EML100 for longer durations.  
 
 
Limitations of the Study 
 
This is the first study to explore antibiotic consumption patterns in district and regional 
(provincial) hospital in North West province using an electronic dispensing system. The 
quality of the data extracted indicates that the RxSolution dispensing module is an acceptable 
way to generate data for interrogation. However, several study limitations were noted. These 
limitations hinder inferences and decision making that could rely on the study results. First, 
age was not collected consistently in the dispensing system. Therefore, results could not be 
stratified by age to verify doses and the selection of antibiotics for specific age groups. For 
example, no assessment can be made about quinolone use in paediatric patients. Second, 
diagnosis information was not documented in the dispensing system, which prevented an 
assessment of antibiotic choice by diagnosis. Therefore, rational antibiotic prescribing that 
aligns with the STGs and EML could not be fully assessed. This study only assessed 
consumption based on electronic dispensing data. No clinical information from patient files 
was used to verify the dispensing information in the RxSolution dispensing module, and no 
laboratory information was available to assess antibiotic choices. The unique patient 
identifier in the RxSolution dispensing module is facility specific. Therefore, one patient 
could have visited several sites. In addition, one patient could have received prescriptions for 
multiple antibiotics over time. Although two years of data were studied, the study period may 
not have been long enough to fully assess patterns in antibiotic prescribing and dispensing. 
Although data were complete for 18 of the 19 district and regional (provincial) facilities in 
North West Province, indicator information could only be calculated for 17 of the 18 
facilities in the first study year. Hospitals L and E were reclassified from district hospitals to 
community health centres but were included in the study because both sites still appeared on 
the list of RxSolution district hospital sites in North West Province. This misclassification 
may have introduced bias to the study results.  
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CONCLUSIONS AND RECOMMENDATIONS 
 
 
Conclusions  
 
The current study demonstrates the feasibility of extracting antibiotic dispensing data from 
the RxSolution dispensing module for the interrogation, interpretation, and presentation of 
findings for antibiotic stewardship decision making in the public-health sector in South 
Africa. RxSolution has been rolled out to more than 400 facilities in South Africa. The study 
findings indicate that data from the RxSolution dispensing module can be used to conduct 
medicine utilisation studies. The study has also highlighted gaps in the use of the RxSolution 
dispensing module. For example, additional information, such as diagnosis, would assist in 
evaluating rational prescribing and dispensing practices that align with accepted clinical 
guidelines.  
 
Overall, there is significant room for improvement in the prescribing of antibiotics at North 
West Province district and regional (provincial) hospitals. While the majority of the 
antibiotics dispensed were essential medicines recommended in the public-sector STGs and 
EML for secondary-level adult and paediatric use, prescriptions for antibiotics and regimens 
not recommended in the STGs and EML, such as nalidixic acid, were noted. More than one-
third of patients received an antibiotic prescription during the study period, and one-third of 
patients also received prescriptions for two or three antibiotics. Polypharmacy related to 
antibiotic use was a problem with prescriptions of up to eight antibiotics. Irrational 
prescribing was difficult to assess because no diagnosis information was available in the 
electronic dispensing system. However, striking irrational practices were highlighted with 
prescriptions for up to eight antibiotics, including two penicillins and two quinolones 
prescribed simultaneously. Another illustration was amoxicillin dispensed with clavulanic 
acid at a dose that was never recommended in any public health-sector STG or EML during 
the study period. Ranking North West Province facilities on the 12 ESAC indicators provided 
an opportunity to benchmark facilities on antibiotic consumption, which has the potential to 
guide quality improvement initiatives.  
 
 
Recommendations 
 
Recommendations based on the findings are presented below. 
 
Strengthen Systematic Use of Antibiotic Consumption Data for Decision 
Making 
 
RxSolution has been documented as a useful stock management tool. In North West 
Province, the dispensing function is used at 95% of district and provincial hospitals. It is 
recommended that RxSolution be rolled out at all facilities. Furthermore, use of the full 
functionality of the RxSolution dispensing module must be encouraged (e.g., more training is 
required on effectively documenting age and other clinical variables, such as diagnosis). Full 
functionality of the RxSolution dispensing module is likely limited by poor documentation in 
patient charts. Therefore, one recommendation to strengthen antibiotic consumption data for 
decision making is to document diagnosis codes. This and other practices must be encouraged 
as the country plans for a national health insurance approach where International Statistical 
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Classification of Diseases and Related Health Problems, 10th edition, and other diagnosis 
codes will be required for billing and audit purposes. 
 
Strengthen Governance, Stakeholder Collaboration, Research, and 
Communication Structures 
 
In line with the Antimicrobial Strategy and AMR Implementation Plan for South Africa, it is 
recommended that an AMS Committee be established for North West Province to promote 
activities related to antimicrobial surveillance at the provincial, district, and facility levels. 
This committee would be responsible for using resources such as antibiotic reports from the 
RxSolution dispensing module and NICD resistance maps to generate information for 
effective AMR decision making. Examples of reports that can be drawn from RxSolution to 
guide antibiotic stewardship are included in Annex F. In addition, close and active 
collaboration between the Provincial Pharmaceutical Therapeutics Committee and the AMS 
Committee is recommended to promote rational antibiotic use. Overall collaboration and 
communication between the North West Department of Health and other stakeholders is 
required to institutionalise AMS (e.g., collaboration with academic institutions for continued 
research and interrogation of data related to antibiotic use). Greater scientific and social 
research on the use of antibiotics and interventions to reduce antibiotic resistance is 
warranted. Effective collaboration among stakeholders would benefit from research to 
generate information for decision making related to AMR. It is recommended that the North 
West Department of Health collaborate and partner with stakeholders, including universities, 
the National Health Laboratory Services, NICD, donors, and non-governmental 
organisations, to generate data related to antibiotic use. For example, a chart review should be 
conducted in conjunction with the interrogation of RxSolution dispensing data to assess the 
appropriateness of the prescriptions based on the actual diagnosis. In addition, decision 
makers must interrogate findings to determine causes of inappropriate antibiotic prescribing 
(e.g., are inappropriate patterns related to prescribing practice of particular clinicians and 
what are the reasons for not prescribing in line with the STGs and EML?).  
 
Continued Education and Awareness on Antibiotic Prescribing and Dispensing 
for Health Care Professionals  
 
In the current study, irrational prescribing of amoxicillin with clavulanic acid was noted at a 
dose not recommended in the STGs and EML. In addition, polypharmacy related to antibiotic 
prescribing was reported with prescriptions for as many as eight antibiotics. It is important 
that prescribers and dispensers attend regular continuing education sessions on AMR to 
reinforce the importance of antimicrobial stewardship and of preventing practices that fuel 
resistance. In an attempt to increase the dissemination of guidelines, the National Department 
of Health recently released STGs and EMLs in pdf format and as an application for download 
to mobile devices. To improve adherence to guidelines, it is recommended that continuing 
education sessions on antibiotic prescribing that align with STGs and EMLs use user-friendly 
formats to outline antibiotic dosages by condition and level of care. In addition, combined 
continuing education sessions for clinicians and pharmacists are recommended to foster 
relationships and encourage discussions on antibiotic choice and prescribing practices.  
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ANNEX A: PHARMA-ETHICS APPROVAL 
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ANNEX B: PROVINCIAL APPROVAL LETTER 
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ANNEX C: DEFINITION OF VARIABLES 
 
 

Indicator Numerator Denominator 

% scripts dispensed with 
antibiotics 

# scripts dispensed with 
antibiotics 

Total # scripts dispensed 

% scripts dispensed with 1 
antibiotic 

# scripts dispensed with 1 
antibiotic 

Total # scripts dispensed with 
antibiotics  

% scripts dispensed with 2 
antibiotics 

# scripts dispensed with 2 
antibiotics 

Total # scripts dispensed with 
antibiotics  

% scripts dispensed with 3 
antibiotics 

# scripts dispensed with 3 
antibiotics 

Total # scripts dispensed with 
antibiotics  

% scripts dispensed with 4 
antibiotics 

# scripts dispensed with 4 
antibiotics 

Total # scripts dispensed with 
antibiotics  

% scripts dispensed with 5 
antibiotics 

# scripts dispensed with 5 
antibiotics 

Total # scripts dispensed with 
antibiotics  

% scripts dispensed with more 
than 5 antibiotics 

# scripts dispensed with more 
than 5 antibiotics 

Total # scripts dispensed with 
antibiotics  

% scripts dispensed for 7 to 13 
days 

# scripts dispensed for 7 to 13 
days 

Total # scripts dispensed  

% scripts dispensed for 14 
days or more 

# scripts dispensed for 14 days 
or more 

Total # scripts dispensed  

Average antibiotic treatment 
duration (days) for oral 
antibiotics 
 

Sum of all antibiotic treatment 
duration (days) for oral 
antibiotics 

Total # oral antibiotics 
dispensed 

% scripts of individual 
antibiotics within each ATC 
category dispensed 
 

# scripts of individual 
antibiotics within each ATC 
category dispensed 

Total # scripts dispensed with 
antibiotics 
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ANNEX D: EXAMPLES OF VARIABLES GENERATED 
 
Several new variables were generated, including: 
 

• Patient’s age in years 
 
o The patient’s age in years was generated as (date of data collection - date of birth)/ 

365. The 365 days are assumed to constitute a year. However, because the age 
variable was missing or incorrectly captured for a number of records, the age 
variable was excluded from further analyses. 
 

• For the ESAC indicator analysis, new variables were created (excluding prescriptions 
for co-trimoxazole only): 
 
o Year dispensed 
o Month dispensed 
o Strength value 
 
 The strength value was calculated using the Strength variable adjusted from 

grams to milligrams 
 DDD: The DDD for each antibiotic was obtained from the WHO Antibiotic 

DDD database (http://www.whocc.no/atc_ddd_index/) and converted to 
milligrams 

 DDD value: Adjustment was made for the DDD to be reflected as a standard 
number of decimal digits in milligrams 

 DDD dispensed  
 
• For solid dosage forms, DDD dispensed was generated as (strength 

value* actual dispensed) /DDD 
• For liquid dosage forms, the DDD dispensed was adjusted to reflect the 

number of milligrams per 5ml using the following equation:  (strength 
value* actual dispensed/5) /DDD 

 
The following statements were written to prepare the calculation of the ESAC indicators: 

 
J01=Σ all J01 
J01C= Σ all J01C 
J01D= Σ all J01D 
J01F= Σ all J01F 
J01M= Σ all J01M 

 
Patients per month per facility were included for the following ESAC calculations:  
 
J01_DID=J01*1,000/total number of patients 
J01C_DID=J01C*1,000/total number of patients 
J01D_DID=J01D*1,000/total number of patients 
J01F_DID=J01F*1,000/total number of patients 
J01M_DID=J01M*1,000/total number of patients 
J01CE%=J01CE/J01 
J01CR%=J01CR/J01 
J01B/N=(J01CR + J01DC +J01DD +(J01F-J01FA01))/(J01CE + J01DB + J01FA01) 

 

http://www.whocc.no/atc_ddd_index/)
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ANNEX E: PRESCRIPTIONS WITH FOUR OR MORE ANTIBIOTICS 
 
 

 Number of Prescriptions 
FOUR ANTIBIOTIC ITEMS ON A PRESCRIPTION FY 13/14 FY 14/15 Total  

amoxycillin and clavulanic acid, cefixime, ciprofloxacin, doxycycline 1  1 
amoxycillin and clavulanic acid, ciprofloxacin, doxycycline, phenoxymethylpenicillin  1 1 
amoxycillin and clavulanic acid, doxycycline, metronidazole, phenoxymethylpenicillin  1 1 
amoxycillin, doxycycline, metronidazole, flucloxacillin  1 1 
amoxycillin, amoxycillin and clavulanic acid, cefixime, doxycycline 8  8 
amoxycillin, amoxycillin and clavulanic acid, cefixime, flucloxacillin  1 1 
amoxycillin, amoxycillin and clavulanic acid, cefixime, metronidazole 3  3 
amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, cefuroxime  1 1 
amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, doxycycline 14 14 28 
amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, erythromycin 1 2 3 
amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, erythromycin stearate  2 2 
amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, metronidazole 2 11 13 
amoxycillin, amoxycillin and clavulanic acid, doxycycline, cefixime  1 1 
amoxycillin, amoxycillin and clavulanic acid, doxycycline, cefuroxime  1 1 
amoxycillin, amoxycillin and clavulanic acid, doxycycline, erythromycin 2 2 4 
amoxycillin, amoxycillin and clavulanic acid, doxycycline, erythromycin estolate 2 1 3 
amoxycillin, amoxycillin and clavulanic acid, doxycycline, flucloxacillin 6 1 7 
amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole 44 41 85 
amoxycillin, amoxycillin and clavulanic acid, erythromycin stearate, flucloxacillin 3  3 
amoxycillin, amoxycillin and clavulanic acid, erythromycin stearate, metronidazole 1  1 
amoxycillin, amoxycillin and clavulanic acid, erythromycin estolate, flucloxacillin 1  1 
amoxycillin, amoxycillin and clavulanic acid, erythromycin, erythromycin stearate 2  2 
amoxycillin, amoxycillin and clavulanic acid, erythromycin, flucloxacillin 1 5 6 
amoxycillin, amoxycillin and clavulanic acid, erythromycin, metronidazole 10  10 
amoxycillin, amoxycillin and clavulanic acid, flucloxacillin, metronidazole 9  9 
amoxycillin, amoxycillin and clavulanic acid, metronidazole, clindamycin  1 1 
amoxycillin, amoxycillin and clavulanic acid, metronidazole, erythromycin  4 4 
amoxycillin, amoxycillin and clavulanic acid, metronidazole, erythromycin stearate  3 3 
amoxycillin, amoxycillin and clavulanic acid, metronidazole, flucloxacillin  4 4 
amoxycillin, cefixime, doxycycline, flucloxacillin 1  1 
amoxycillin, cefixime, doxycycline, metronidazole 1  1 
amoxycillin, ciprofloxacin, clarithromycin, doxycycline 1  1 
amoxycillin, ciprofloxacin, doxycycline, metronidazole  4 4 
amoxycillin, ciprofloxacin, doxycycline, phenoxymethylpenicillin  1 1 
amoxycillin, ciprofloxacin, metronidazole, erythromycin  1 1 
amoxycillin, ciprofloxacin, metronidazole, erythromycin estolate  1 1 
amoxycillin, doxycycline, erythromycin stearate, flucloxacillin 1  1 
amoxycillin, doxycycline, erythromycin stearate, metronidazole 2  2 
amoxycillin, doxycycline, flucloxacillin, metronidazole 2  2 
amoxycillin, doxycycline, metronidazole, cefixime  1 1 
amoxycillin, doxycycline, metronidazole, phenoxymethylpenicillin 2  2 
cefixime, doxycycline, erythromycin stearate, metronidazole 1  1 
ciprofloxacin, doxycycline, erythromycin stearate, flucloxacillin  1 1 
ciprofloxacin, doxycycline, erythromycin stearate, metronidazole 1  1 
ciprofloxacin, doxycycline, metronidazole, cefixime  2 2 
ciprofloxacin, doxycycline, metronidazole, erythromycin stearate  1 1 
ciprofloxacin, doxycycline, metronidazole, flucloxacillin  2 2 
ciprofloxacin, doxycycline, metronidazole, moxifloxacin  1 1 
doxycycline, erythromycin, erythromycin stearate, metronidazole 1  1 

TOTAL 123 113 236 
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 Number of Prescriptions 
FIVE ANTIBIOTIC ITEMS ON A PRESCRIPTION FY 

13/14 
FY 

14/15 
Total 

amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, doxycycline, flucloxacillin  1 1 
amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, doxycycline, metronidazole  10 10 
amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, metronidazole, erythromycin 
estolate 

 1 1 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, erythromycin, flucloxacillin  2 2 
amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, cefixime  2 2 
amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, flucloxacillin  1 1 
amoxycillin, ciprofloxacin, metronidazole, flucloxacillin, phenoxymethylpenicillin  1 1 
amoxycillin, doxycycline, amoxycillin and clavulanic acid, ciprofloxacin, erythromycin 
estolate 

1  1 

amoxycillin, doxycycline, amoxycillin and clavulanic acid, erythromycin stearate, 
phenoxymethylpenicillin 

1  1 

amoxycillin, doxycycline, amoxycillin and clavulanic acid, erythromycin, 
phenoxymethylpenicillin 

1  1 

amoxycillin, doxycycline, ciprofloxacin, erythromycin stearate, flucloxacillin 1  1 
amoxycillin, doxycycline, erythromycin estolate, cefixime, flucloxacillin 1  1 

TOTAL 5 18 23 
 
 Number of Prescriptions 

SIX ANTIBIOTIC ITEMS ON A PRESCRIPTION FY 
13/14 

FY 
14/15 

Total 

amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, doxycycline, cefixime, 
erythromycin stearate 

1  1 

amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, doxycycline, clarithromycin, 
flucloxacillin 

1  1 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, cefixime, 
ciprofloxacin 

 1 1 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, cefixime, 
flucloxacillin 

 2 2 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, ciprofloxacin, 
erythromycin 

 1 1 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, ciprofloxacin, 
flucloxacillin 

 3 3 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, flucloxacillin, 
erythromycin estolate 

 1 1 

TOTAL 2 8 10 
 

 Number of Prescriptions 
SEVEN ANTIBIOTIC ITEMS ON A PRESCRIPTION FY 

13/14 
FY 

14/15 
Total 

amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, erythromycin estolate, 
flucloxacillin, doxycycline, metronidazole 

1  1 

amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, erythromycin estolate, 
flucloxacillin, erythromycin stearate, nalidixic acid 

1  1 

amoxycillin, amoxycillin and clavulanic acid, ciprofloxacin, erythromycin estolate, 
flucloxacillin, erythromycin, metronidazole 

1  1 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, ciprofloxacin, 
erythromycin, erythromycin stearate 

 1 1 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, ciprofloxacin, 
flucloxacillin, cefixime 

 5 5 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, ciprofloxacin, 
flucloxacillin, erythromycin 

 1 1 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, ciprofloxacin, 
flucloxacillin, erythromycin estolate 

 3 3 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, ciprofloxacin, 
flucloxacillin, phenoxymethylpenicillin 

 2 2 

amoxycillin, amoxycillin and clavulanic acid, doxycycline, metronidazole, flucloxacillin, 
cefixime, erythromycin estolate 

 1 1 

TOTAL 3 13 16 
 

 Number of Prescriptions 
EIGHT ANTIBIOTIC ITEMS ON A PRESCRIPTION FY 

13/14 
FY 

14/15 
Total 

amoxycillin, amoxycillin and clavulanic acid, cefixime, ciprofloxacin, doxycycline, 
flucloxacillin, metronidazole, clarithromycin 

 1 1 

amoxycillin, amoxycillin and clavulanic acid, cefixime, ciprofloxacin, doxycycline, 
flucloxacillin, metronidazole, erythromycin estolate 

 1 1 

TOTAL 0 2 2 
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ANNEX F: CHARTS 
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