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Foreword

We face a significant threat to global public health from increasing levels of antimicrobial 
resistance. Overuse and misuse of antimicrobials is driving resistance levels, and yet we lack 
valuable data to track and monitor consumption levels that would increase our understanding 
worldwide and help develop effective strategies and interventions. We urgently need 
mechanisms to monitor consumption of antimicrobials. And nowhere is this more pressing 
than in the hospital setting where bacteria are circulating widely and vulnerable patients are 
frequently prescribed high levels of antibiotics, creating an environment in which bacteria 
can rapidly become resistant. 

This document aims to help countries establish mechanisms enabling routine monitoring of 
antimicrobial consumption, particularly in low-resource settings, that can generate data to 
help build a greater understanding of how antimicrobials are being used and consumed in 
national, regional and local hospitals. 

Monitoring antimicrobial consumption within health-care facilities is an integral part of any 
antimicrobial stewardship programme to identify gaps in effective stewardship and highlight 
target areas for interventions. The data can help to monitor the impact of the interventions 
and establish a baseline from which to measure progress moving forward. It can also reveal 
areas where too few antimicrobials are reaching patients in need and thereby trigger new 
strategies to increase the access these patients should have to appropriate antibiotics. 

A mechanism that enables data on antimicrobial consumption to be collected and analysed is 
an important tool and serves as a key complement to both antimicrobial resistance surveillance 
systems and effective infection prevention and control measures in the fight against AMR 
antimicrobial resistance. 

We urge policy makers and hospital managers alike to make full use of this WHO guide on 
surveillance of antimicrobial consumption within hospitals to help optimise the use of these 
precious resources going forward and tackle one of the key drivers of resistance worldwide. 

Dr. Hanan Balkhy 
Assistant Director General 

for Antimicrobial Resistance 
World Health Organization
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1 Introduction

1.1 Background

1 https://www.who.int/glass/en/

In response to the growing threat of antimicrobial resistance (AMR), the World Health 
Organization (WHO) developed the Global Action Plan (GAP) on AMR, which was adopted 
by the World Health Assembly in 2015 (1, 2). The goal of the GAP on AMR is to ensure 
continuity of successful treatment and prevention of infectious diseases with effective and 
safe medicines that are quality-assured, used in a responsible way and accessible to all who 
need them. WHO Member States requested the establishment of a global surveillance systems 
to increase the knowledge base on the spread and drivers of AMR in human health. In 2015, 
WHO launched the Global Antimicrobial Resistance and Use Surveillance System (GLASS)1 to 
support the global efforts and development of national surveillance systems. An initial step 
for GLASS was the surveillance of AMR in bacteria causing common infections in humans. 
A fundamental component of the new global system is to include surveillance of the main 
AMR drivers. Antimicrobial use is one of the main drivers of AMR; hence, surveillance and 
optimal use of antimicrobial medicines are among the key strategies to combat AMR, and are 
included in the five main objectives of the GAP on AMR. 

Most antimicrobial consumption occurs in outpatient and community care. However, in the 
hospital setting, the density of antimicrobial use is much higher, and highly vulnerable 
patients are in close spatial proximity, contributing to the increased risk of development and 
spread of resistant microbial pathogens. The prevalence of antimicrobial treatment varies 
substantially between hospitals and countries, but it is reported that up to 50% of use is 
inappropriate or unnecessary (3-5). Antimicrobial stewardship represents a key strategy 
for promoting responsible antimicrobial use (6, 7). It aims to enhance patient safety and 
care by improving prescribing practices and providing appropriate antimicrobial treatment. 
At the public health level, antimicrobial stewardship contributes to minimizing the ecological 
sequelae of antimicrobial use by reducing the selection pressure on the microbial population 
and serves to preserve therapeutic options. The implementation of antimicrobial stewardship 
programmes is recommended for promoting appropriate antimicrobial use in the hospital 
sector. Such programmes are based on several core elements that should be implemented in a 
systematic and coordinated way; these elements are leadership commitment and accountability, 
and the establishment of supporting structures (e.g. antimicrobial stewardship team) and a 
bundle of measures and interventions (e.g. clinical audits and education). Monitoring of hospital 
antimicrobial consumption, as an integral part of antimicrobial stewardship programmes, 
has a central role in guiding antimicrobial stewardship activities; hence, its introduction is an 
important step towards improving antimicrobial management. 

As part of the AMR activities, WHO has initiated a global surveillance of the consumption of 
antimicrobial medicines. A methodology for the surveillance of antimicrobial consumption on 
a national, regional and global level was developed, and was followed by a period of intensive 
implementation efforts in low- and middle-income countries (8). A report documenting the 
results of the first implementation phase (2016–2018) was published in 2018 (9). For in-depth 
assessment of prescribing practices in hospitals, a protocol for the conduct of point prevalence 
surveys (PPS) on antimicrobial use has been made available (10). 

With this document, WHO proposes an approach for monitoring antimicrobial consumption 
in hospitals, based largely on the WHO methodology used for monitoring antimicrobial 
consumption on a national level (8, 11). One of the main differences between the hospital and 
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national monitoring methodology relates to the use of local hospital activity data instead of 
population-based data as the reference value (denominator) for antimicrobial consumption. 

1.2 Monitoring antimicrobial consumption 
in hospitals
The monitoring of antimicrobial consumption in hospitals uses aggregated local data 
sources, such as hospital pharmacy dispensing or procurement databases, or, when available, 
aggregated figures from electronic prescribing systems. This permits healthcare facilities to 
continuously monitor antimicrobial consumption and inform antimicrobial management on 
a routine basis. Given that these data do not contain patient-level data, the consumption is a 
proxy of antimicrobial use. To obtain more accurate information on actual antimicrobial use, 
hospitals need patient-specific information from medical records. Although they provide 
valuable information on prescribing practices and use, patient-level data are not readily 
available in many hospitals, in contrast to the aggregated data for consumption monitoring; 
hence, different approach would be needed to capture these patient-level data. Thus, 
both methodologies complement each other well and should be employed according to the 
hospital-specific needs and resources, rather than being considered as mutually exclusive. 

This guide focuses on the routine monitoring of antimicrobial consumption in hospitals. 
Section 6.2 provides more information on the applications for aggregated data versus 
individual patient data. 

To account for the specific preconditions and possibilities of the individual hospitals, 
the methodology on monitoring antimicrobial consumption in hospitals does not provide 
a fixed protocol. Instead, it allows for flexibility in the choice of data sources and hospital 
activity measures, and in the determination of the surveillance framework with respect to 
the hospital sectors and organizational levels to be monitored. This document describes the 
methodology for collecting and analysing antimicrobial consumption data at hospital level. 

The methodology is designed for continuous surveillance of antimicrobial consumption at the 
hospital level but may also serve for the subnational/national and supranational surveillance 
systems. The collation and analysis of data across hospitals may provide insights into the 
volume and pattern of hospital antimicrobial consumption in a country and, under certain 
conditions, data may be used for benchmarking purposes (12).

1.3 Objectives of surveillance of antimicrobial 
consumption in hospitals
The overarching goal of the surveillance of antimicrobial consumption in hospitals is to inform 
strategies for optimal use of antimicrobials and control of AMR.

The objectives of surveillance of antimicrobial consumption at the hospital level are to:

• assess the volume and pattern of antimicrobial consumption;

• detect trends and perform comparisons both within and between facilities (e.g. between hospital 
units or between hospitals);

• identify areas in which remedial actions are needed;

• plan, focus, monitor and evaluate interventions;

• support antimicrobial stewardship activities and provide the basis for setting targets for 
improving antimicrobial use;

• raise awareness of responsible antimicrobial use; 
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• understand the bidirectional relationship between trends of antimicrobial consumption 
and resistance; and,

• inform strategies to control AMR.

The collation and analysis of the data within the frame of a national surveillance system may 
decisively expand the value and utility of that data. Analysis is also possible at subnational 
(district, province and state) and supranational levels. The national level data is important to 
guide national policies and to provide benchmarking to pinpoint and resolve issues related 
to inappropriate antimicrobial use at national level or in individual healthcare facilities, and to 
identify success stories that may inform strategies for the health care facilities.

The objectives of the surveillance of hospital antimicrobial consumption on the national level 
are to:

• provide a standardized approach for collection and analysis of consumption data in hospitals;

• promote the implementation of consumption surveillance and antimicrobial stewardship 
in hospitals;

• collate and analyse nationwide hospital-based antimicrobial consumption data, providing insight 
into the variation in the amount and pattern of antimicrobial use across hospitals;

• assess antimicrobial consumption in different hospital settings (e.g. different hospital types 
and sizes, and in different geographical areas);

• complement the information provided by the surveillance of antimicrobial consumption at 
national level using nationwide data sources (medicines import or distribution);

• assess alignment of the data with treatment guidelines and, if applicable, with the national 
list of essential medicines (13);

• provide benchmarking or reference data for informing local antimicrobial stewardship 
activities, public health, research and national policies aiming to optimize antimicrobial 
consumption and combat AMR;

• assess the relationship between AMR and AMC data patterns in hospitals in order to reduce 
the emergence of AMR; and,

• share data with supranational surveillance systems (e.g. regional or global), when applicable.

4
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2 Surveillance systems

The methodology provides the basis for conducting continuous surveillance of antimicrobial 
consumption at facility level. In addition, using a network approach, the data can be collated 
and analysed at a subnational/national or supranational level (regional or global). The extent 
and granularity of data collection and analysis is at the discretion of the individual hospital 
and needs to be determined in the local surveillance framework. However, for surveillance at 
the subnational/national or supranational level, a standardized approach must be followed. 

2.1 Hospital antimicrobial consumption surveillance 
at the facility level
This section outlines the prerequisites and tasks in establishing and conducting antimicrobial 
consumption surveillance at the facility level. It also discusses types of facilities and the 
surveillance framework.

2.1.1 Prerequisites

Establishing a functional surveillance system in a facility requires:

• commitment of administrative and senior medical leadership; and

• appointment of a person or team to manage and coordinate the local surveillance system; 
and, if applicable, to act as the contact point for the subnational/national surveillance system. 

2.1.2 Tasks

To establish and manage a functional surveillance system, the tasks and responsibilities of 
the appointed person or team are to:

• define the surveillance objectives;

• determine the surveillance framework;

• create and maintain a register (or procurement catalogue) of the antimicrobial products 
used in the facility;

• collect consumption and hospital activity (denominator) data;

• validate and analyse data;

• report the data to the relevant staff (e.g. prescribers, antimicrobial stewardship and infection 
control team, pharmacy and therapeutics committee, and microbiologic laboratory); and

• if applicable, submit the data to a national surveillance system.

2.1.3 Type of facilities

The surveillance methodology is designed for hospital settings but can be adapted to other 
types of health care facilities such as long-term-care facilities or rehabilitation centres. In this 
document, only hospitals (public or private) are considered.

2.1.4 Surveillance framework

The surveillance can be performed in different hospital settings, according to the possibilities 
and specific circumstances of the individual facility (e.g. the availability of data for different 
organizational levels and units). A first step in the establishment of a surveillance system is 
the determination of the surveillance framework with regard to:

8
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• the organizational level of data collection (e.g. whole hospital or ward level);

• the hospital sectors to be included (e.g. the whole hospital including inpatient and outpatient, 
or only inpatients);

• the time intervals and frequency of data collection and analysis (e.g. yearly or quarterly); and

• the antimicrobials to be monitored.

A detailed description of the components of the surveillance framework is given in Sections 
5.6–5.9. For the configuration of the framework, consumption data and hospital activity data 
should be available for the selected organizational level and hospital sectors.

A hospital may participate in an overarching surveillance system, collating and analysing data 
from a network of hospitals according to a standardized protocol (e.g. subnational/national or 
supranational surveillance). If such an overarching system exists, the surveillance framework 
at the level of individual hospitals should comply with the core requirements determined by 
the overarching surveillance system and may also include local criteria. 

Examples of different surveillance frameworks are given in Annex 1 (A1.1).

2.2 Hospital antimicrobial consumption surveillance 
at a subnational/national and supranational level 
The purpose of national surveillance is to obtain nationwide estimates suitable for informing 
local and national policies aimed at optimizing antimicrobial consumption. Depending on the 
political and administrative structure in a country, apart from the national level, surveillance may 
be established on different subnational levels (e.g. districts, provinces or states). To obtain a 
complete picture, the public as well as the private sector should be included.

The requirements for the establishment and conduct of antimicrobial consumption surveillance 
at the subnational/national level are outlined below.

2.2.1 Prerequisites 

Establishing a surveillance system on the subnational or national level requires:

• commitment from the political leadership to improving antimicrobial use and setting up a 
surveillance programme for monitoring antimicrobial consumption at hospital level;

• designation of an organization or institution taking the lead of the subnational or national 
surveillance system; and

• identification of a team for the management and coordination of the surveillance system, 
and assignment of tasks and responsibilities to the team members. In a resource-restrained 
context, where appropriate, it is a good idea to consider reusing the existing national 
structures with similar defined objectives in order to avoid any additional functions and 
related costs.

2.2.2 Tasks 

The following tasks are required in setting up and managing a subnational or national 
surveillance programme:

• define the surveillance objectives;

• determine the surveillance framework and develop the surveillance protocol;

• distribute information material and required documents (e.g. surveillance protocol) to health 
care facilities and other relevant stakeholders;

• recruit health care facilities to build up a hospital network;

9
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• set up a formal framework regulating the cooperation between the national centre and 
hospitals (e.g. issues concerning confidentiality of hospital data) and, if applicable, regulate the 
sharing of hospital data with a supranational surveillance system;

• determine the communication channels between hospitals and the national team;

• determine the technical procedures for data transmission and reporting and, if possible, 
for provision of a technical platform (e.g. electronic or web-based approach);

• validate and analyse data;

• provide feedback at the individual hospital level, and report national surveillance results at 
regular time intervals;

• train and support hospitals with respect to data collection, validation and analysis; and

• if applicable, submit the data to a supranational surveillance system.

A subnational/national surveillance system may be built up in a step-by-step approach, 
in parallel with the implementation of consumption monitoring at the local level.

2.2.3 Surveillance at supranational level

The purpose of supranational surveillance of hospital antimicrobial consumption is to obtain 
from different countries nationwide estimates that are suitable to inform policies on a regional 
or global level. For instance, WHO has established a supranational surveillance system and 
technical platform for the collection of data on AMR and use: the Global of antimicrobials 
Resistance and Use Surveillance System (GLASS) (14).

The basic tasks and requirements for supranational surveillance of hospital antimicrobial 
consumption are similar to those that have been described for national-level surveillance at 
hospital level. 

An example of possible data flow and interplay between hospitals and national and supranational 
surveillance systems, and a subnational surveillance system (if applicable), is shown in Figure 1. 

Figure 1. Example of possible data flow for surveillance at the hospital, 
subnational/national and supranational level 
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2.2.4 Surveillance framework

For surveillance at a subnational/national or supranational level, it is imperative to follow a 
standardized approach in order to decrease heterogeneity and to foster comparability of the 
data within and between the countries. Therefore, it is important to agree on a single surveillance 
framework and methodology, which should take into account the conditions in the hospitals 
(e.g. data availability and resources). For example, for some hospitals or countries, it is possible 
to collect facility data confined to acute care inpatients but in others even a separation of 
inpatient and outpatient data is not feasible. Clear criteria for the inclusion and exclusion of 
facilities (e.g. according to hospital type) and organizational units within the facilities should 
be determined. A selection of the most important components of a surveillance framework 
is given in Section 4.1.4. In addition, the subnational/national system should specify the type 
of health care facilities to be included in the surveillance effort. 

2.2.5 Hospital and country identifiers

To facilitate the management of surveillance on a subnational/national and supranational 
level, a unique identifier should be assigned to each hospital at country level. This identifier 
should be provided by the national surveillance team, and can match the identifier used 
for other surveillance systems (e.g. surveillance systems on AMR or health care associated 
infections), thereby facilitating prospective integrated analysis of the data. On a national 
level, this identifier can be used for individual hospital feedback and for transmitting data to 
a supranational surveillance system. For ensuring confidentiality of hospital identities when 
submitting data, the country may assign an additional anonymous hospital identifier to a 
supranational surveillance system. This anonymous identifier, by definition, does not allow 
any backtracking to individual hospitals. Identifiers should be retained over time to allow 
for the analysis of trends, provided that no major changes occur in hospital organization 
(e.g. merging of facilities or changes in the medical services). If a country takes part in a 
supranational network, a country identifier should be assigned.

Where a participating hospital belongs to an overarching administrative hospital group, 
an additional unique identifier should be assigned to the hospital group. This allows hospitals 
to be grouped according to their affiliation, and facilitates data interpretation. 

2.2.6 Recruitment of hospitals 

Ideally, data should be collected from all hospitals. The aim is first to obtain a complete picture 
of the hospital consumption at country level, and second to provide local data in each hospital, 
to allow them to understand and improve their use of antimicrobials (e.g. for designing local 
treatment guidelines) and to monitor changes overtime. Including all hospitals requires a 
lot of resources and for many cases that would be even impossible to achieve. Nationwide, 
a representative set of hospitals would be sufficient to obtain the national overview of data 
of hospital antimicrobial consumption. 

Building up a national surveillance can be tackled through different approaches; for example:

• use of a national registry of consumption data or other nationwide databases, if data are 
available at the required granularity (facility, facility unit); or

• set up of a hospital network:

 – by random selection, to generate a representative sample, taking into consideration 
characteristics such as size and type of the hospitals;

 – based on voluntary participation of the hospitals; although such a convenience 
sample cannot claim to fully represent the national situation, the data may provide 
an indication of the level and pattern of antimicrobial consumption in a country and, 
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with appropriate consideration of the limitations, may inform actions on the local as 
well as on the national level, and

 – including hospitals with existing relevant surveillance systems, such as antimicrobial 
resistance or health care-associated infections.

In a step-by-step approach, the network should be expanded over time, to achieve the most 
comprehensive and representative coverage. 
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3 Methods

3.1 The anatomical therapeutic chemical/defined 
daily dose system
The anatomical therapeutic chemical (ATC)/defined daily dose (DDD) system is used as the 
basis for the classification of medicines and the calculation of medicines consumption estimates. 
The ATC/DDD system can also be used for antimicrobials. The ATC system represents a hierarchy 
in which medicinal substances are categorized into different groups according to the organ 
or system on which they act, and their therapeutic, pharmacological and chemical properties. 
The DDD is used to quantify medicines consumption; it is assigned to each medicinal substance, 
taking into account the route of administration. It represents the average maintenance dose 
per day of a medicine used for its main indication in adults. The DDD is a purely technical 
unit; it serves as a standard measure for quantification, but does not necessarily reflect the 
recommended or actual use of the substance in an individual patient. 

The ATC/DDD system is maintained by the WHO Collaborating Centre for Drug Statistics 
Methodology (WHO CC) and is updated at yearly intervals (15). Since changes in ATC codes 
or DDD values are possible, it is important that the ATC/DDD version that has been used for 
the calculations is noted and reported with the data. In particular, the ATC/DDD version must 
be taken into consideration when comparing data from different time periods (e.g. for the 
assessment of trends) and from different hospitals or countries. In addition, the surveillance 
system should be able to accommodate any changes to the ATC/DDD system; for example, 
by providing the possibility for recalculation of historical data according to the new DDD version.

3.2 Measures for the quantification of antimicrobial 
consumption

3.2.1 Consumption volume

The consumption volume is expressed as the number of DDD consumed, and is calculated by 
dividing the amount of the antimicrobial substance (measured in grams) by the DDD value (in 
grams) that has been assigned to the respective antimicrobial substance by the WHO CC (16).

Number of DDD =
Total number of grams of the substance consumed in a defined period of time

DDD value of the substance in grams assigned by WHO CC

The total amount in grams can be obtained in two ways:

• by multiplying the strength of each tablet or vial by the number of items per package and 
the number of packages consumed; or 

• by multiplying the strength of each tablet or vial by the total number of items consumed. 

Examples for the calculation of the consumption volume are given in Annex 1 (A1.2). The DDD 
value is usually specified in grams, but can also be defined as milligrams and million units 
(MU) for certain substances. 

Special cases

Combination products

For combinations of antibiotics, the DDD value is specified as unit dose (UD). One tablet or 
vial of a combination product with a specific strength of each component is defined as a 
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specific number of UDs, representing the DDD. For a specific combination product, to obtain 
the DDD consumed, the total number of UDs is divided by the assigned UD value. A list of 
combination products with specified strengths and their assigned DDD values is provided by 
the WHO Collaborating Centre for Drug Statistics Methodology (17). 

For combination products that contain one active and one inactive ingredient, the DDD is 
ordinarily assigned only to the active ingredient. For example, for amoxicillin/clavulanic acid, 
the DDD is only assigned to amoxicillin, because clavulanic acid does not have any intrinsic 
anti-infective activity (the DDD is identical to the DDD of amoxicillin without a beta-lactamase 
inhibitor). As a result, for the calculation of the number of DDD for amoxicillin/clavulanic 
acid, the total volume of grams consumed should refer only to the amoxicillin component. 
Examples of the calculation of the DDD of combination products are provided in Annex 1 (A1.3).

Liquid preparations for oral use

The calculation of the consumption volume in DDD of liquid preparations for oral use (e.g. 
syrups) requires special attention. Because the respective medicinal products are not offered 
as single doses, the content of the antimicrobial substance of the whole container (e.g. bottle) 
must be calculated. Examples of the calculation are provided in Annex 1 (A1.4).

3.2.2 Consumption density

For standardization purposes, the volume of antimicrobial consumption (i.e. number of DDD, 
the numerator) should be standardized by measures representing hospital activity (the 
denominator). A list of possible denominators is provided in Section 3.3.2.

Consumption density =
Number of DDD for time period P multiplied by 100 (1000)

Quantity (number)  of hospital activity indicator for time period P

Examples for the calculation of the consumption density are given in Annex 1 (A1.3).

Measures of hospital activity and hospital consumption data MUST correspond strictly with 
respect to the time period of surveillance and hospital units covered (e.g. whole hospital or 
single wards).

3.3 Data required for the calculation of the 
consumption estimates

3.3.1 Consumption data

The data required for the calculation of consumption estimates can be classified into two 
categories: data and information specifying the medicinal product or substance, and data 
quantifying the volume of the antimicrobial medicines dispensed.

Specifications of the medicinal product or antimicrobial substance

Antimicrobial consumption data can be provided on the level of the medicinal product or of 
the substance. The collection of data on the medicinal product level requires the hospital to 
establish and maintain a register of all antimicrobial products that have been used in the period 
of surveillance and that should be updated at regular time intervals. In the case of a national 
surveillance, a countrywide register may be set up by the national coordination team and 
made available to the participating hospitals. For calculation of the consumption estimates, 
several characteristics and properties of the products or substances (e.g. strength of the 
antimicrobial substance per item, ATC code and route of administration) should be specified. 
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Quantification of antimicrobial consumption

The measures for quantification of the consumption volume depend on the way data collection 
was performed, for both product-level data and substance-level data.

Product-level data

For calculating the volume of consumption on the product level, two different measures can 
be used:

• number of packages (standard version); and

• number of items (e.g. tablets or vials).

Where the measure “number of packages” is used, additional information on the package size 
must be provided. The hospital can select the measure for quantification, because in some 
pharmacy records consumption data are readily available as “number of items” and in others 
the “number of packages” is the more convenient measure to be used. 

Substance-level data

For calculating the volume of consumption at the substance level, different products of the 
same strength and route of administration may be summarized (generic data). For quantification 
of antimicrobial consumption only, the measure “number of items” should be used. 

Examples of the calculation of the consumption volume based on the number of packages 
and the number of items are provided in Annex 1 (A1.2).

3.3.2 Measures of hospital activity (denominator)

The volume of consumption (i.e. the number of DDD) must be adjusted by measures 
representing the hospital activity (denominator). Standardization by hospital activity data 
allows the comparison of data from different time periods and from different hospitals or 
hospital units. Information on hospital structure and hospital activity data are normally provided 
by the hospital administration, but may also be collected and delivered by hospital units 
(e.g. midnight census). A list of hospital activity measures that can be used for normalizing 
(standardizing) the number of DDD consumed is presented in Table 1. A detailed description 
of the different denominators, including examples for calculation, is provided in Annex 2. 

Table 1. List and short description of selected hospital activity measures

Hospital activity measure Description

Patient days (PD) The sum of patient days for a defined period of time (e.g. year 2017 
or first quarter of 2017)

Bed days (BD) Sum of bed days of a defined period of time in which the unit was 
active

Occupied bed days (OBD) Sum of occupied bed days in a defined period of time (number of bed 
days minus number of bed days without occupation by a patient)

Admissions (ADM) Sum of the patients admitted in a defined period of time

Days present (DP)
Sum of the number of patients who were admitted for any fraction of 
a given calendar day within a given period of time and who had been 
allocated to a bed

Billing days (BID) Sum of the number of daily occupancy charges for a defined period 
of time

Discharges/separations (DIS) Sum of the patients discharged in a defined period of time

For standardization purposes, it is recommended that the indicators “patient days” or “occupied 
bed days” or “admissions” (if not available, “discharges”) should be used. Where these measures 
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are not available, alternative measures can be used. It is important to document which hospital 
activity measures are used during which period of time, and the way data are calculated (e.g. 
in the hospital questionnaire, see Section 3.9 and Annex 3). The use of two complementing 
denominators (e.g. patient days and admissions) may make it easier to interpret the data. 

The choice of the hospital activity measure depends on the specific surveillance framework 
determined by the hospital and the availability of the respective data. For example, a hospital 
that confines surveillance of antimicrobial consumption to inpatients may use the number of 
patient days as the standard measure and the number of admissions as a second measure of 
hospital activity. For a hospital that cannot separate the consumption data on inpatients and 
outpatients, the number of admissions might be the most appropriate choice.

3.4 Data sources
The consumption data may be retrieved either from the pharmacy that supplies the hospital 
with medicines (hospital or private pharmacy) or from the hospital administration. Data can be 
collected on different levels (e.g. whole hospital, hospital unit or patient) depending on the data 
sources available. A list of the sources for antimicrobial consumption data is given in Table 2.

Table 2. Data sources of antimicrobial consumption data

Sources of consumption data Description

Purchase data Procurement data of the hospital administration or hospital 
pharmacy 

Unit-based dispensing data Data on the dispensing of antimicrobials to wards or departments 
by the pharmacy

Patient-based dispensing or 
billing data

Data on the dispensing or sale of antimicrobials to individual 
patients

Prescription data Data on the prescription of antimicrobials (e.g. patient records, 
electronic health records or e-prescription software) 

Administration data Data on the administration of the medicines to the patient (e.g. 
bar-coded patient administration)

Different data sources can be used depending on the specific conditions of the individual 
hospital. It is recommended that one type of data source be adhered to during the course 
of surveillance, as different data sources may provide different estimates compromising 
comparisons over time. It is important to document which data sources were used during 
which period of time (e.g. in the hospital questionnaire, see Section 3.9 and Annex 3).

3.5 Antimicrobials 
The monitoring of antimicrobial consumption is confined to antimicrobials intended for systemic 
use (including medicines administered by inhalation). A list of the respective antimicrobial 
groups is presented in Table 3.

Table 3. List of antimicrobial groups 

Antimicrobial group ATC code

Antibacterials for systemic use J01

Antimycotics for systemic use J02

Antimycobacterials J04
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Antimicrobial group ATC code

Antivirals for systemic use J05

Intestinal anti-infectives A07A

Antifungals for systemic use D01B

Nitroimidazole derivatives P01AB

Antimalarials P01B
ATC: anatomical therapeutic chemical.

The surveillance in a general acute care hospital should at least include a basic set of 
antibacterials comprising the groups shown in Table 4.

Table 4. Groups of antimicrobials

Antimicrobial group ATC code

Intestinal antibiotics A07AAa

Antibacterials for systemic use J01

Rifampicinb J04AB02

Nitroimidazole derivatives P01AB
ATC: anatomical therapeutic chemical.
a A07AA01, 04–06, 08–12, 51, 54.
b Rifampicin is added because it is used as an antibacterial in many countries, besides a treatment for tuberculosis. 

Topical antimicrobial substances (e.g. anti-infectives for use in dermatology or ophthalmology) 
are not included in the protocol. However, under certain circumstances it can be meaningful to 
monitor the consumption of selected substances such as mupirocin ointment or disinfectants 
(e.g. in support of infection control efforts).

3.6 Level of data collection and analysis
Data collection and analysis can be performed at different organizational levels; for example, 
patient, ward, speciality, department or whole hospital, as shown in Table 5.

Table 5. Examples of organizational levels for collection and analysis of data

Data collection Data analysis

Patient Patient – ward – speciality – department – hospital High granularity

Ward Ward – speciality – department – hospital Increase of 
possibilities for data 
analysisSpeciality Speciality – department – hospital

Department Department – hospital
Low granularity

Hospital Hospital

The level(s) of data collection and analysis should be determined in the individual hospital 
surveillance framework. The lower or finer the organizational level of data collection, the more 
possibilities there are for data analysis; for example, if data are collected at ward level, analysis can 
be performed at ward level and at the level of specialities, departments and the whole hospital. 
To aggregate the data correctly, the affiliation of each specific ward to the higher organizational 
levels (speciality and department) must be specified. In contrast, data collection at the level of 
the whole hospital normally only permits analysis of the data at the facility level. If the hospital 
participates in a subnational/national or supranational surveillance system, the hospital units 
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should additionally be assigned to the standard designations of departments provided in the 
surveillance protocol of the subnational/national or supranational system. 

The hierarchy of the main organizational levels in hospitals is shown in Figure 2. 

Figure 2. Example of a hospital structure based on the allocation of wards to 
specialities or departments

Hospital

SurgicalMedical

Traumatology UrologyGeneral surgery

ICU

Ward 3

Speciality

Department

Ward

Patient

Ward 1 Ward 2a Ward 2b

ICU: intensive care unit.

3.6.1 Mixed wards

The clear structure depicted in Figure 2, which allows one ward to be allocated to one medical 
or surgical speciality, is not in place in all hospitals. In fact, many hospitals have single wards 
that admit patients from different specialities (e.g. medical and surgical) or have a policy of 
flexible bed allocation throughout the whole hospital (Figure 3). In these cases, the use of 
ward-level dispensing data does not allow for assessment of antimicrobial consumption at 
the speciality or department level. Thus, in such situations, the allocation of antimicrobial 
consumption estimates to medical or surgical specialities is only possible if data are collected 
at the individual patient level. 

Figure 3. Example of a hospital structure based on flexible allocation of beds

Hospital

Mixed ICU

Ward 3

Function

Ward

Patient

Ward 1 Ward 2a Ward 2b

Mixed General wards

A

A

B

B

C

C

General surgeryCardiologyTraumatology

ICU: intensive care unit.

3.6.2 Hospital register

If data are collected at the facility unit level (e.g. at ward level), a register documenting the 
organizational structure of the hospital should be created. It should contain the allocation 
of each ward to higher level organizational units, such as medical or surgical specialities and 
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departments. If a subnational/national or supranational surveillance system is in place and 
has provided a standard categorization of departments, the facility unit should additionally 
be assigned to the respective standard categories. A proposal for a standard categorization 
of departments developed by WHO is given in Annex 5. 

A hospital register serves to:

• correctly allocate hospital consumption and activity data to the corresponding hospital 
unit; and

• allow for aggregation of the data at the different organizational levels for the purpose of 
data analysis. 

If data are to be collected and analysed only on the level of the whole hospital, information on 
hospital structure is not needed for the calculation of consumption estimates but can be useful 
as background for the interpretation of facility-wide data. 

3.7 Hospital settings
An important cornerstone to be determined in the surveillance framework is the identification 
of the hospital setting or settings that should be included in the surveillance; for example:

• all hospital settings with inpatients and outpatients;

• all hospital settings with inpatients (settings with outpatients excluded);

• all hospital settings with inpatients (settings for outpatients and day clinics excluded); and

• all inpatients in acute care wards (long-term care, rehabilitation wards, day clinics and 
outpatients excluded).

Usually, data on antimicrobial consumption are captured centrally from the hospital pharmacy, 
with the main task of extracting data from the pharmacy management system. Particularly when 
establishing a local surveillance system for antimicrobial consumption, it may be an option 
to start data collection with a single ward or department only (e.g. the intensive care unit 
[ICU]) and then expand it to the whole hospital as structures and processes are established. 
This might be an option, for example, in the absence of a central database (e.g. when data are 
collated from ward pharmacies) or when there are limited capacities to extract and process 
data (e.g. lack of resources). However, in most circumstances, the expense of resources would 
be similar, whether data are collected and processed only for selected wards or for all hospital 
wards, although the information from the latter is more useful.

It is important to document which hospital settings have been included over which period 
of time, to facilitate longitudinal interpretation of the data. This is especially important if 
data are collected at the hospital level rather than at the hospital unit level (see the hospital 
questionnaire in Annex 3).

3.8 Time period and frequency of surveillance 
Monitoring of antimicrobial consumption based on aggregated data should be integrated 
in the routine operations of the hospital and should be performed continuously over long 
periods of time. Data collection should be performed at least once a year, with at least yearly 
aggregated data. This is particularly important to avoid the effects of seasonal variations 
in disease burden, patient attendance or uneven (“spiky”) procurement of medicines and 
budget allocations. To validate the effect of intervention measures or for other antimicrobial 
stewardship purposes, it can be meaningful to gather and analyse data at shorter time intervals 
(e.g. quarterly or monthly). 
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3.9 Contextual information for data interpretation
Knowledge about the wider framework of surveillance (e.g. hospital type, size and structure, 
the exact data sources used and the coverage of hospital consumption data) can guide 
data interpretation. The respective information characterizing the hospital-specific context 
can be collected in the form of a questionnaire. On subnational/national or supranational 
levels, the collected data may provide the basis for refined data analysis and meaningful 
benchmarking (e.g. separate analysis of data from different hospital types). For individual 
hospitals, monitoring of the respective information is useful for documenting changes over 
time (e.g. in hospital structure and data sources used), which might facilitate the interpretation 
of longitudinal consumption data. 

Contextual data may comprise information on: 

• hospital characteristics;

• hospital structure;

• coverage of the consumption data;

• supply coverage of the pharmacy;

• data sources and type of hospital activity indicator(s); and 

• implementation of antimicrobial stewardship activities.

3.9.1 Hospital characteristics: location, size, type, teaching status and 
ownership of the hospital

The surveillance methodology can be implemented in hospitals of all types and sizes. 
Acute care hospitals are usually classified in four different categories: primary, secondary or 
tertiary care hospitals, and specialized hospitals (e.g. psychiatric, tuberculosis, paediatric or 
cardiac surgery hospitals). In addition, hospitals can be categorized with respect to teaching 
status, ownership (private or public) and geographical location. In the hospital questionnaire, 
the type, size, teaching status, ownership and location of the hospital should be specified. 

3.9.2 Hospital structure 

Information about hospital structure comprises the documentation about the presence and 
size of certain medical or surgical specialities or departments, which are assumed to have a 
particular impact on the amount and pattern of antimicrobial consumption in the hospital. 
These specialities or departments may include ICUs and other high-risk wards, paediatric and 
neonatology wards, and long-term-care and rehabilitation wards. This type of information 
supports the interpretation of facility-wide data, if data based on facility units are not available.

3.9.3 Coverage and type of consumption

The information collected should specify which hospital units have been included or excluded, 
respectively, from surveillance (e.g. whether outpatient data have been included in data 
collection). The recorded information should support the interpretation of facility-wide data.

3.9.4 Supply coverage of the pharmacy

The information collected should specify whether the main pharmacy completely covers 
the supply of the prescribed antimicrobial medicines. Also, if necessary, an estimate of the 
proportion of medicines acquired from outside the hospital should be performed.
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3.9.5 Data sources and type of hospital activity measures

The sources of consumption data and the type and definition of the hospital activity measures 
used should be specified for the time period of surveillance.

3.9.6 Implementation of antimicrobial stewardship activities 

The proposed questionnaire elicits information about the implementation of structure and 
process indicators in the hospital setting. The respective indicators correspond to the list of 
indicators provided by the WHO methodology for point prevalence survey on antibiotic use in 
hospitals (10). The compilation of indicators has been derived from indicator sets developed by 
the Transatlantic Taskforce on Antimicrobial Resistance (TATFAR) expert panel on stewardship 
structure and process indicators, and Driving reinvestment in R&D and responsible antibiotic 
use (DRIVE-AB) (18, 19). TATFAR is a collaboration between the United States of America 
(USA) and the European Union (EU) in the field of AMR; it was initiated by the 2009 EU–USA 
summit declaration (20). One of its key focus areas is the appropriate use of antimicrobial 
agents. DRIVE-AB is a project that was initiated by the EU and the European Pharmaceutical 
Industry Association (EFPIA). Its objectives include identifying quality indicators for the 
inpatient setting, and compiling and assessing definitions of metrics of responsible use across 
diverse socioeconomic, geographical and clinical settings.

The objectives of the questionnaire on antimicrobial stewardship activities are to:

• assess structures and processes that have been implemented to support and develop 
antimicrobial stewardship in the hospital;

• monitor the progress of antimicrobial stewardship activities over time; and

• support the interpretation of antimicrobial consumption data.

Model questionnaires for the collection of contextual data, which may be adapted to the needs 
and priorities of the hospital or national surveillance centres, are provided in Annexes 3 and 4.
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4 Data collection and validation

4.1 Data collection
Analysis and interpretation of antimicrobial consumption estimates is based on the provision 
of data from different categories, which must be consolidated in a consistent manner to 
produce meaningful results.

A schematic picture of the different categories is shown in Figure 4.

Figure 4. Components of data collection 

Antimicrobial product data
Number of packages/items

Number of the dedicated 
hospital activity measure(s)

Antimicrobial consumption data

Ward – speciality – department – whole hospital

Hospital structure data

Contextual information on hospital characteristics and consumption data

Month – quarter – half-year – year

Time period

Hospital activity data

A summary of how to collect the different categories of data is presented below.

4.1.1 Hospital structure

It is necessary to document the hospital structure (as described in Section 3.6.2), to provide 
a meaningful and reproducible analysis of the data. Such analysis is needed to:

• describe the actual consumption situation in a hospital at the facility unit level (e.g. 
single ward); and

• provide a consistent basis for the interpretation of longitudinal data. 

4.1.2 Hospital activity data

To calculate the consumption densities, hospital activity data are needed that correspond to 
the antimicrobial consumption data with respect to the time period and level of data collection 
(e.g. whole hospital or ward level). The different types of hospital activity measures and their 
calculation are described in Section 3.3.2 and Annex 2.

4.1.3 Consumption data

The consumption data may be collected on the product or substance level, using the number 
of packages or single items for the quantification of the consumption volume, as described in 
Section 3.3.1 and Annex 1 (A1.2 and A1.3). WHO provides a model template to support hospitals 
in the collection and calculation of antimicrobial consumption estimates (8). In adaptation 
to hospital-based surveillance, Table 6 provides an overview on the variables required to 
characterize the medicinal product or substance.
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Table 6. Overview of the variables specifying medicinal products and 
antimicrobial substances and the time period and facility unit of data collection 

Variable Description

Identification of country and hospital

COUNTRY_ID Mandatory for regional or global 
surveillance

Based on ISO 3166 alpha-3 
country codes

HOSPITAL_ID Mandatory for national or 
supranational surveillance

Identifier of the hospital for 
which consumption and hospital 
activity data have been collected

Time period and facility unit

YEAR Mandatory
Year for which consumption and 
hospital activity data have been 
collected

STRUCTURE Mandatory Specifies the facility unit for 
which data have been collected

Medicinal products/antimicrobial substances - mandatory variables

PRODUCT_ID Mandatory, if consumption data 
are provided on product level

Unique identifier of the 
medicinal product package: 
should at least contain the name 
of the product.

PRODUCT-LABEL
Mandatory, if consumption data 
are provided on the product 
level

Medicinal product package label

PACKSIZE Mandatory, if data are provided 
on the product level

Size of the package (e.g. 
10 tablets)

SUBSTANCE-LABEL Mandatory, if data are provided 
on the substance level

Should at least contain the name 
of the ingredient 

ROUTE_ADMIN Mandatory Route of administration

STRENGTH Mandatory Quantity of the main ingredient 
of each item (e.g. tablet)

STRENGTH_UNIT Mandatory Unit for the measurement of 
strength

STRENGTH_VOL Mandatory, if liquid dosage form

Strength per volume; only for 
liquid dosage forms - enter the 
concentration numerator (e.g. 
enter ‘’125’’ for a concentration 
of 125 mg/5 mL)

STRENGTH_VOL_UNIT Mandatory, if liquid dosage form
Unit of measurement of strength 
per volume; only for liquid 
dosage forms.

VOLUME Mandatory, if liquid dosage form

Basic ingredient quantity; 
only for liquid dosage forms; 
enter ‘’100’’ for a bottle with 
100 mL content

VOLUME_UNIT Mandatory, if liquid dosage form
Unit for the measurement of 
the basic ingredient quantity; 
only for liquid dosage forms.

ATC5 Mandatory WHO ATC code at substance 
level (ATC5-level)

COMBINATION Mandatory The WHO CC has defined DDD 
for combined products
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Variable Description

SALT Mandatory
Salt of the active substance 
(erythromycin and methenamine 
only)

Medicinal products/antimicrobial substances - optional variables

INGREDIENTS Optional

Ingredient names of 
antimicrobial substance and 
inhibitors (e.g. amoxicillin, 
clavulanic acid) with ingredients 
separated by a comma 

PAEDIATRICS_PRODUCT Optional, if data are provided on 
product level

Specify, whether it is a paediatric 
medicinal product

FORM Optional, if data are provided on 
product level Pharmaceutical formulation type

PRODUCT_ORIGIN Optional, if data are provided on 
product level

Specify the origin of the 
medicinal product e.g. 
central medical store, 
direct procurement by the 
hospital

ATC: anatomical therapeutic chemical; DDD: defined daily dose; ISO: International Organization for Standardization; WHO: World 
Health Organization.
Source: adapted from the WHO model template for data collection.

4.1.4 Contextual data

Questionnaires collect information about the wider framework of surveillance; for example, 
about hospital characteristics (e.g. hospital type and size), structure, extent, coverage of 
data collection and the implementation of antimicrobial stewardship activities (as detailed in 
Section 3.9). Drafts of the respective questionnaires, which should be adapted to the priorities 
and needs of the hospital or country, are provided in Annexes 3 and 4. 

4.2 Validation 
Data validation is crucial to ensure data quality; thus, standard procedures for checking data 
validity should be established. Criteria for approval comprise assessment of correctness, 
completeness, consistency and plausibility of the data. Procedures may include different 
approaches; for example, automated data checks that are implemented in the technical 
platform used for data collection, or “manual” checking of the data (e.g. for plausibility of 
consumption estimates).
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5 Data analysis and reporting

5.1 Analysis
Different types of data analysis should be used to support different approaches of interpretation. 
The type and granularity of analysis performed should take into account the needs of the 
target audience.

The main types of data analysis are:

• presentation of data to allow for the assessment of the current status of the amount and 
pattern of antimicrobial consumption;

• monitoring of antimicrobial consumption over time in order to assess trends and to evaluate 
the impact of interventions;

• ranking of antimicrobial groups or substances; for example, top-10 list, drug utilization (DU) 
75% or 90% list (21, 22); 

• comparison of different units within the facility; and

• comparison with other hospitals and with subnational/national data on hospital consumption, 
if available.

Analysis may be performed at different levels with respect to:

• organizational level of the hospital (e.g. ward, speciality, department or whole hospital);

• antimicrobial agents:

 – total consumption, subgroups, substances – according to the ATC classification;

 – other subgroups adapted to the targets and objectives of the surveillance programme 
and antimicrobial stewardship activities; for example, use of the WHO AWaRe (Access, 
Watch, Reserve) classification (9, 23); and

 – stratification by route of administration.

Analysis and discussion of the data should result in defining or adapting antimicrobial 
stewardship or prevention measures to reduce or improve antimicrobial use. 

Various indicators are recommended and used to assess antimicrobial consumption, ranging from 
simple estimates (e.g. the consumption density of total antimicrobial use or the percentage 
of specific antimicrobial agents or antibiotic classes) to more complex indicators (e.g. 
antimicrobial categories assumed to be indicative of antimicrobial stewardship activities) 
(12, 24-28). There is no gold standard for the magnitude of antimicrobial consumption; 
hence, comparison of hospitals or hospital units has been used as a means for evaluation. 
Benchmarking may be a powerful tool for antimicrobial stewardship purposes, but a 
meaningful comparison of hospitals is a challenge because hospitals may differ with respect 
to factors such as patient mix, AMR rates, prevalence of hospital-acquired infections, 
the implementation of antimicrobial stewardship measures and demographic variables (12). 
Therefore, comparisons between hospitals should be interpreted cautiously. Different approaches 
have been developed to account for the factors assumed to have an effect on the consumption 
estimates, ranging from stratification by type and size of the hospitals or service lines to more 
sophisticated methods such as the development of statistical models providing risk-adjusted 
predicted values (27, 29, 30). The predicted values – which are calculated based on the pooled 
data of hospitals participating in a surveillance system – should allow the individual hospital 
to assess whether and to what degree the local consumption deviates from the predicted 
estimates. In consideration of the local context, this may support the hospitals to identify 
areas of inappropriate antimicrobial use and to target interventions.
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The remainder of this section provides examples of selected indicators developed for tracking 
and benchmarking antimicrobial consumption.

AWaRe categorization

As part of the 2017 essential medicines list, WHO introduced a new categorization of antibiotics 
to guide prescriptions and treatment – AWaRe – and this has been updated in 2019 (23). 
The AWaRe categorization is based on a methodological approach that takes into consideration 
the treatment guidelines of the most frequent infectious disease syndromes. The Access group 
contains antibiotics intended to be used as first- and second-choice therapy. These antibiotics 
should be consistently available in an appropriate quality and for an affordable price in every 
country. The Watch group includes mainly broad-spectrum antibiotics, which, because of their 
higher potential to induce the development of resistance or their unfavourable benefit–risk 
balance (or both), should only be used for specific indications. The Reserve group represents 
last resort antibiotics that should only be used if other antibiotics do not work anymore. 
The AWaRe categorization is supposed to be applied as a tool for antimicrobial stewardship 
purposes, and should assist countries in their efforts towards optimizing antimicrobial use. 
The overall goal is to reduce the use of Watch and Reserve group antibiotics, and to increase 
the relative use and the availability of Access group antibiotics, where needed. 

In the recent AWaRe campaign, WHO promoted a target of 60% for the use of Access group 
antibiotics at country level, which should be achieved by 2023 (31). This target has been set 
for national-level consumption, which is mainly attributed to the consumption arising from 
outpatients and community care. Nevertheless, the AWaRe categorization might be used for 
establishing targets adapted to the hospital setting to support local antimicrobial stewardship 
programmes, and it might serve as an aid in developing restricted formularies (32). Furthermore, 
the AWaRe categories may provide a standardized tool suitable for tracking antimicrobial 
consumption over time, enabling comparisons between hospitals and hospital units, and assessing 
the effect of antimicrobial stewardship activities (31, 32). The clear concept, combined with a 
simple traffic light system used for graphical presentation, may help to raise awareness and 
understanding of the concept of broad-spectrum and narrow-spectrum antibiotics, and their 
judicious use in the clinical setting. The various possibilities of using the AWaRe categories as 
a tool for antimicrobial stewardship at the national and local level need further exploration. 
Annex 6 provides an example of the application of the AWaRe categorization.

5.1.1 Indicators for antimicrobial use proposed by European agencies

In 2017, the European Centre for Disease Prevention and Control (ECDC), European Food Safety 
Authority (EFSA) and European Medicines Agency (EMA) proposed a list of outcome indicators, 
to support EU Member States in assessing their progress in reducing the use of antimicrobials 
and AMR in both humans and food-producing animals (25). For humans, one primary and two 
secondary indicators were proposed. The primary indicator for antimicrobial use is the total 
consumption of antimicrobials (antibacterials for systemic use in DDD/1000 inhabitants per day) 
in a country, including both inpatient and outpatient care. The secondary indicator intended 
to be used for the assessment of antimicrobial use in outpatient care is the ratio of certain 
classes of broad-spectrum antimicrobials (e.g. broad-spectrum penicillins, cephalosporins, 
macrolides [except erythromycin] and fluoroquinolones) to narrow-spectrum antimicrobials 
(e.g. narrow-spectrum penicillins, cephalosporins and erythromycin). The secondary indicator 
proposed for health care settings is the proportional consumption of selected broad-spectrum 
antimicrobials: the proportion of glycopeptides, third-generation and fourth-generation 
cephalosporins, monobactams, carbapenems, fluoroquinolones, polymyxins, piperacillin and 
enzyme inhibitor, linezolid, tedizolid and daptomycin. These antibiotics overlap with the 
Watch and Reserve groups of the AWaRe categorization. It is recommended that these 
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indicators be monitored continuously, to enable the evaluation of activities aiming to optimize 
antimicrobial use.

5.1.2 Indicators for benchmarking – standardized antimicrobial 
administration ratio

The national surveillance system of the United States, hosted by the Centers for Disease Control 
and Prevention (CDC) Antimicrobial Use and Resistance (AUR) Module, developed a metric 
for benchmarking antimicrobial consumption in hospitals: the standardized antimicrobial 
administration ratio (SAAR) (27, 33). This ratio represents the quotient of observed and 
predicted antimicrobial use, and its aim is to enable risk-adjusted comparisons across hospitals. 
The predicted antimicrobial use expressed in days of therapy (DOT, see Section 10) is calculated 
using a statistical model that has been developed based on the pooled data of the hospitals 
participating in the AUR Module. 

To provide meaningful indicators for benchmarking, the SAARs are calculated for specific 
agent groups, stratified by standard patient locations developed by the CDC (e.g. adult medical 
ward or paediatric medical ward). The respective groups have been developed by allocating 
antimicrobial agents to five different therapeutic categories: Category 1 includes broad-
spectrum agents primarily used for the treatment of hospital-acquired infections or multidrug 
resistant bacteria; Category 2 includes broad-spectrum agents primarily used for the treatment 
of community acquired infections; Category 3 includes agents used for the treatment of 
methicillin-resistant Staphylococcus aureus (MRSA); Category 4 includes agents primarily 
used for surgical prophylaxis; and Category 5 contains all antimicrobial agents. These groups, 
in combination with the patient location, serve as standard entities for risk-adjusted comparisons 
of the consumption data of the individual hospital with the pooled data of other hospitals. 
More information is available in the surveillance protocol of the AUR Module (33).

Several other classification schemes have been developed to facilitate the standardized analysis 
of hospital consumption data, to evaluate the impact of antimicrobial stewardship activities 
(e.g. de-escalation strategies) (26, 28). In addition to the specific indicators used locally, 
it would be useful to monitor antimicrobial consumption in a standardized way; for example, 
by using the AWaRe categorization to foster the comparability of analyses across hospitals 
and countries.

5.2 Reporting
Reporting of the data to the relevant staff is vital if the surveillance objectives are to be 
achieved. Target groups can include prescribers, the pharmacy and therapeutics committee 
(PTC) and hospital leadership, the antimicrobial stewardship team, the infection prevention 
and control team, the microbiological laboratory and other stakeholders in the field.

To provide actionable data, criteria to be considered are:

• timeliness and regularity;

• adequate comprehensiveness and granularity of reporting; and

• appropriate form for facilitating interpretation.

The configuration of the reports should be aligned to the needs and priorities of the recipients. 
For example, the PTC may simply require facility-wide data once a year, whereas antimicrobial 
stewardship teams may prefer to receive ward-level or speciality-level reports at quarterly 
or monthly intervals.
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6 Methods for monitoring antimicrobial 
consumption in hospitals: opportunities 
and limitations

6.1 Antimicrobial consumption metrics 
Quantitative metrics standardizing the measurement of antimicrobial consumption in hospitals 
should allow for the provision of reliable estimates of the amount and pattern of antimicrobial 
consumption at the facility level and the facility unit level. Also, they should allow comparison 
of the data over time, and across hospitals and countries. 

Many different metrics and methods are used for measuring the volume and density of hospital 
antimicrobial consumption (34), and WHO’s ATC/DDD system is one of the most widely used 
methodologies. The required data can generally be retrieved from pre-existing databases (e.g. 
pharmacy dispensing data or procurement data) with a manageable expenditure of resources; 
this allows for monitoring of antimicrobial consumption on a routine basis, and provides a 
realistic option for implementation even in low-resource settings. Nevertheless, the methodology 
has several limitations that may compromise the surveillance results and should be considered 
when interpreting the data. The main issue is related to the dose-dependency of the method. 
Because the DDD is a purely technical measure that provides the required standardization 
for comparisons across hospitals and countries, it does not necessarily reflect the prescribed 
daily dose administered to the individual patient, which may lead to an underestimation or 
overestimation of the actual antimicrobial use. This may be particularly relevant for certain 
patient populations; for example, in patients with renal impairment and critically ill ICU-
patients, where an individual adaptation of the dose is required. Hence, this method is also 
not ideal for assessing antimicrobial consumption in children. This is essentially true when 
comparing these populations or when there is an unknown mix of these populations in a 
facility. Comparing trends of antimicrobial consumption in individual populations (or when the 
mix of populations is stable over time) is not affected by the limitations of the methodology. 
A further point to be considered is that the DDD may change over time, which may complicate 
the interpretation of longitudinal data.

Another important method that is frequently used for the quantification of antimicrobial 
consumption is the “DOT method” (35). DOT stands for the number of days a patient receives 
an antimicrobial agent, regardless of the administered dose. As a dose-independent metric, 
the DOT method is appropriate for the quantification of antimicrobial consumption in children, 
and it is also not affected by changes in dosing regimens over time. The DOT method is based 
on the collection of patient-level data, which also provides the opportunity to expand on the 
additional collection of detailed data on prescribing practices (e.g. indication). The major 
limitation of the method is that it requires the availability of an electronic documentation 
system for prescriptions because manual extraction from patient records on a routine basis 
is cumbersome and resource intensive. At this stage, this requirement prevents a more 
widespread implementation of the method, because in many countries, hospitals are not yet 
equipped with electronic health records.

Several other metrics are used for the quantification of antimicrobial consumption, and a 
detailed discussion of these metrics is beyond the scope of this document (36). Examples of 
other metrics include prescribed daily doses or recommended daily doses; length of therapy; 
number of items, packages or prescriptions; and percentage of patients receiving antimicrobial 
therapy (prevalence). The different measures have specific advantages and disadvantages, 
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limitations and opportunities that should be considered and balanced when selecting an 
appropriate methodology for a given hospital setting. The choice of the methodology should 
take into consideration the surveillance objectives, the local circumstances (e.g. availability of 
data and resources) and the impact of the metrics on data interpretation.

6.2 Aggregated vs. individual antimicrobial 
consumption data
The methodology for monitoring antimicrobial consumption in hospitals is based on the collection 
and analysis of aggregated data. This provides estimates of the types and quantities of the 
antimicrobials consumed in hospitals, and gives an overview of antimicrobial consumption 
patterns and changes (trends) over time. 

Aggregated data can easily be collected from existing administrative data sources; thus, 
consumption monitoring is a suitable tool for monitoring purposes, especially in settings with 
limited resources. Although they are not patient based, consumption data can still provide 
early signals on the quality of antimicrobial use to guide antimicrobial stewardship activities 
on a routine basis. Aggregated consumption data may provide a rough orientation and may 
identify problematic areas of antimicrobial use. Still, most of the time more information is 
needed to find out more about the reasons behind any identified problem. 

For interpretation of the analysis results, it is important to look at the specific local context; 
for example, the characteristics of the patients (case mix) in the hospital or hospital unit, 
the burden of infections, treatment guidelines, shortages and stockouts of medicines and the 
implementation of stewardship activities. An apparently inappropriate use might be explained 
by the specific local conditions (e.g. change of the patient mix), but often requires the detailed 
assessment of prescribing practices. 

To capture information on prescribing and use, hospitals need to collect more comprehensive 
data on antimicrobials taken by individual patients (e.g. medical records). Patient-level data 
on antimicrobial use (e.g information on patients’ characteristics, indications of treatment 
and prescribing modalities) provide clues that guide more focused antimicrobial stewardship 
interventions. The monitoring of antimicrobial use may be collected retrospectively or 
prospectively or in cross-sectional studies such as PPS (10, 37, 38). These studies are usually 
resource intensive, and, in contrast to the surveillance of antimicrobial consumption, cannot be 
done on routine basis. Nevertheless, the assessment of detailed prescribing practices may 
be integrated into the clinical routine; for example, by conducting regular clinical audits or 
specific audits targeting important clinical syndromes. Table 7 provides an overview of the 
characteristics of the aggregated data on antimicrobial consumption and patient level data 
on antimicrobial use. 

Table 7. Overview of the characteristics of aggregated data on antimicrobial 
consumption and patient level data on antimicrobial use

FACILITY-BASED DATA
(ANTIMICROBIAL CONSUMPTION)

PATIENT-LEVEL DATA
(ANTIMICROBIAL USE)

Aggregated data sources, such as hospital 
procurement data

Patient-specific information from, for example, 
medical records

Information on which types and how much of 
the antimicrobials were used

Information on who uses the antimicrobials, 
when, how and why

No information on patient characteristics and 
indication of treatment

Information on patient characteristics and 
indication of treatment
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FACILITY-BASED DATA
(ANTIMICROBIAL CONSUMPTION)

PATIENT-LEVEL DATA
(ANTIMICROBIAL USE)

Proxy estimate of antimicrobial use More accurate information on actual use and 
prescribing practices

Often requires less efforts to collect May be resource-demanding to collect

Good for monitoring purposes, such as patterns 
and changes over time

Good, for example, for antimicrobial stewardship 
purposes 

Routine surveillance Longitudinal and cross-sectional surveys

The surveillance of aggregated data at the hospital or hospital unit level and the monitoring 
of prescribing practices at the patient level (e.g. PPS or clinical audits) are two methodologies 
that are complementary for antimicrobial stewardship. Their implementation should be tailored 
to the conditions and needs of the individual hospitals. The antimicrobial consumption and 
use data are an integral part of antimicrobial stewardship, alongside other several important 
indicators such as patient outcomes (e.g. mortality) and resistance rates.

6.3 Data sources for antimicrobial consumption data
The methodology described in this document is mainly based on the use of pre-existing 
databases from the hospital pharmacy or administration. Medicines that have been acquired 
from other sources, bypassing the pharmacy, are not captured. Other sources of drug supply 
include: 

• other pharmacies (e.g. private pharmacies that have been visited by patients or their relatives);

• drug stores;

• individual physicians with stores of medicinal products, who are provided with samples by 
pharmaceutical company representatives;

• donations directly delivered to a dedicated department of the hospital; and

• other sources such as public health authorities.

These circumstances must be taken into account when interpreting the data, and an estimate 
of the amount and type of medicines acquired elsewhere should be available to obtain as 
comprehensive a picture as possible.
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Annex 1 – Examples

A1.1 Examples for surveillance frameworks

Table A1.1. Examples for the specifications of three different surveillance frameworks

Specifications of the surveillance framework

EXAMPLE HOSPITAL 1

Organizational level of data collection Ward level

Organizational level of data analysis Ward, speciality, department, whole hospital
QuarterlyTime interval of data collection

Measure for quantification of consumption Number of packages

Measure for quantification of hospital activity Patient days

Hospital sectors included All inpatients; outpatients excluded

Antimicrobials included A07AA, J01, P01AB01, J04AB02, J02

Participation in a national surveillance system Yes

EXAMPLE HOSPITAL 2

Organizational level of data collection Department

Organizational level of data analysis Department
Hospital

Time interval of data collection Biannually

Measure for the quantification of consumption Number of items

1. Measure for quantification of hospital activity Occupied bed days

2. Measure for quantification of hospital activity Admissions

Hospital sectors included Acute care inpatients; outpatients, long-term-
care/rehabilitation and day clinics excluded

Antimicrobials included A07AA, J01, P01AB01, J04AB02

Participation in a national surveillance system No

EXAMPLE HOSPITAL 3

Organizational level of data collection Hospital

Organizational level of data analysis Hospital

Time interval of data collection Yearly

Measure for quantification of consumption Number of packages

Measure for quantification of hospital activity Admissions

Hospital sectors included Whole hospital, outpatients included

Antimicrobials included A07AA, J01, P01AB01

Participation in a national surveillance system Yes
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A1.2 Examples for the calculation of the consumption 
volume based on the number of packages and the 
number of items
Example:

The consumption volume of orally administered amoxicillin (medicinal product A) consumed 
in a surgical ward in 2018 should be calculated as number of defined daily doses (DDD):

• medicinal product A consumed in 2018: 50 packages

• size of the package: 20 tablets 

• strength of the single tablet: 0.5 g amoxicillin

• anatomical therapeutic chemical (ATC) code: J01CA04

• route of administration: oral

• WHO DDD (2019): 1.5 g

• number of items: 1000 pieces (50 packages x 20 tablets). 

A. Calculation based on the number of packages 

Number of DDD =
(number of packages) × (package size) × (strength per item)

DDD assigned by WHO collaborating centre

Example:

Number of DDD = = 333.3 DDD
50 packages × 20 tablets × 0.5 g

1.5 g

B. Calculation based on the number of items

Number of DDD =
(number of items) × (strength per single item)

DDD assigned by WHO collaborating centre

Example:

Number of DDD = = 333.3 DDD
1000 tablets × 0.5 g

1.5 g

It is not necessary to provide data on the number and size of packages if data on the number 
of items (e.g. tablets) is available.

A1.3 Example for the calculation of the consumption 
density
Example: 

In the hospital intensive care unit (ICU) a total of 2000 DDD of the substance amoxicillin/
clavulanic acid (ATC code J01CR02) have been consumed in 2017 and the total number of 
patient days for this ICU and year accounts for 10 000 patient days. The consumption density 
of amoxicillin/clavulanic acid of the ICU for the year 2017 is calculated as follows:
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Consumption density =
Number of DDD for time period P multiplied by 100 (1000)

Quantity (number)  of hospital activity indicator for time period P

Number of DDD = = 20 DDD ⁄ 100 patient days
2000 DDD × 100

10 000 patient days

The granularity of the hospital activity data MUST correspond strictly with the granularity 
of the consumption data.

Granularity means the scale and level of detail in a data set, which in the context of consumption 
surveillance relates to the time period of surveillance and hospital units (e.g. whole hospital 
or single wards) covered.

Examples:

1. If the consumption data have been collected for a whole year, the hospital activity data 
must be collected for the same whole year. 

2. If the consumption data have been collected quarterly, the hospital activity data must be 
collected quarterly.

3. If the consumption data have been collected for the whole hospital, the hospital activity 
data must be collected for the whole hospital.

4. If the consumption data have been collected on the level of wards or medical specialities 
or departments, the hospital activity data must be collected accordingly.

5. If the consumption data have been collected confined to certain wards or specialities or 
departments (e.g. only for high-risk areas in the hospital), the hospital activity data must 
be collected accordingly.

6. If the consumption data have been collected for acute care wards only, the hospital activity 
data must be collected accordingly.

A1.4 Examples for data entry in the WHO model 
template
For the purpose of data collection and calculation WHO provides a preformatted model 
template. In the following examples the data entry for combination products and liquid 
preparations for oral use is described.

A1.4.1 Examples for data entry of combination products

Example A – Data entry of combination products consisting of one active 
antimicrobial substance and one antimicrobially inactive substance

The substance amoxicillin/clavulanic acid includes amoxicillin as the active antimicrobial 
substance and clavulanic acid as an inactive additive. For the quantification of antimicrobial 
consumption only the active substance is relevant and the DDD value assigned by the WHO 
collaborating centre only refers to amoxicillin.

From the product «amoxicillin/clavulanic acid, 875 mg/125 mg, 10 tablets» seven packages 
have been dispensed to the ward «PNEU1» in the first quarter of 2018. The consumption 
volume in DDD is calculated by multiplying the number of the items dispensed (the number 
of packages multiplied by number of items per package) with the strength per single item 
(only amoxicillin) divided by the DDD value assigned by WHO (1.5 g). 
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Calculation

Consumption volume = = 40.8 DDD
(7 packages × 10 tablets) × 0.875 g

1.5 g

A depiction of the data entry of selected variables is shown in Table A1.2.

Table A1.2. Example A: data entry of combination products with a single active 
ingredient in «number of packages» and «number of items»

Variables Number of packages Number of items

COUNTRY GER GER

HOSPITAL_ID H1 H1

PRODUCT_ID P1 P1

LABEL Amoxicillin/clavulanic acid, 
875 mg/125 mg, 10 tablets

Amoxicillin/clavulanic acid, 
875 mg/125 mg, 10 tablets

PACKSIZE 10 1

ROUTE_ADMIN O O

STRENGTH 875 875

STRENGTH_UNIT mg mg

STRENGTH_VOL - -

STRENGTH_VOL_UNIT - -

VOLUME - -

VOLUME_UNIT - -

ATC5 J01CR02 J01CR02

SALT - -

COMBINATION - -

STRUCTURE PNEU1 PNEU1

PACKAGES/ITEMS 7 70

Example B – Data entry of combination products consisting of two active 
substances

The combination of sulfamethoxazole and trimethoprim acid includes two active antimicrobial 
substances. Different combinations with respect to dosage are available on the market. 
The respective combinations with the assigned extended ATC code and DDD (as number of 
unit dose, UD) are included in the list of combined products issued by WHO (1). 

From the medicinal product with the label «sulfamethoxazole/trimethoprim 80 mg/16 mg, 
20 mL, 10 vials, parenteral» 60 packages have been consumed in hospital A in 2018. The ATC 
combination code is J01EE01_1 and 20 UDs have been assigned by WHO to each vial of 
20 mL (1 DDD = 20 UD). 

55

Annex 1 – Examples



Calculation

Consumption volume = = 30 DDD
60 packages × 10 items (vials)

20 UD

A depiction of the data entry of selected variables is shown in Table A1.3.

Table A1.3. Example B: data entry of combination products with two active 
ingredients in «number of packages» and «number of items»

Variable Number of packages Number of items

COUNTRY JOR JOR

HOSPITAL_ID A A

PRODUCT_ID P1 P1

LABEL Sulfamethoxazole/trimethoprim 
80 mg/16 mg, 20 mL, 10 vials

Sulfamethoxazole/
trimethoprim 

80 mg/16 mg, 20 mL, 10 vials

PACKSIZE 10 1

ROUTE_ADMIN P P

STRENGTH 20 20

STRENGTH_UNIT UD UD

STRENGTH_VOL - -

STRENGTH_VOL_UNIT - -

VOLUME - -

VOLUME_UNIT - -

ATC5 J01EE01 J01EE01

SALT - -

COMBINATION J01EE01_1 J01EE01_1

STRUCTURE PNEU1 PNEU1

PACKAGES/ITEMS 60 600

A1.4.2 Example for data entry and calculation of liquid preparations for 
oral use

Example

The medicinal product amoxicillin is an oral liquid form (suspension) with a concentration of 
125 mg amoxicillin/5 mL and a bottle content of 100 mL. A total of 70 packages containing 
five bottles or 350 bottles (items), respectively, have been consumed in the hospital in 2018. 
The DDD of amoxicillin assigned by WHO is 1.5 g for oral administration (for data entry, 
see Tables A1.4 and A1.5). 

56

GLASS guide for national surveillance systems for monitoring antimicrobial consumption in hospitals



a
n

n
ex

eS

Calculation

Content of amoxicillin per bottle:125 mg × 20 = 2500 mg ⁄ (100 mL (1 bottle))

Consumption volume = = 583 DDD
(70 packages × 5 bottles) × 2.5 g

1.5 g

Table A1.4. Example for data entry of liquid preparations for oral use in « number 
of packages »

Variable Number of packages

COUNTRY EGY

HOSPITAL_ID H1

PRODUCT_ID P3

LABEL Amoxicillin, 125 mg/5 mL, 100 mL

PACKSIZE 5

ROUTE_ADMIN O

STRENGTH 125

STRENGTH_UNIT mg

STRENGTH_VOL 5

STRENGTH_VOL_UNIT mL

VOLUME 100

VOLUME_UNIT mL

ATC5 J01CA04

SALT -

COMBINATION -

STRUCTURE H1

PACKAGE/ITEMS 70

Table A1.5. Examples for data entry of liquid preparations for oral use in « number 
of items »

Variable Version 1 Version 2

COUNTRY EGY EGY

HOSPITAL_ID H1 H1

PRODUCT_ID P3 P3

LABEL Amoxicillin, 125 mg/5 mL, 
100 mL

Amoxicillin, 125 mg/5 mL, 
100 mL

PACKSIZE 1 1

ROUTE_ADMIN O O
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Variable Version 1 Version 2

STRENGTH 125 2500

STRENGTH_UNIT mg mg

STRENGTH_VOL 5 -

STRENGTH_VOL_UNIT mL -

VOLUME 100 -

VOLUME_UNIT mL -

ATC5 J01CA04 J01CA04

SALT - -

COMBINATION - -

STRUCTURE H1 H1

PACKAGE/ITEMS 350 350

Version 2 of data entry 

If the volume of consumption is quantified by «number of items», it is also possible to calculate 
the content of amoxicillin of the bottle and to enter the calculated number (here 2500) for the 
variable «STRENGTH» and provide the number of bottles (n=350). In this case, the variables 
STRENGTH_VOL, STRENGTH_UNIT, VOLUME, VOLUME_UNIT can be left empty.
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Annex 2 – Denominators

For standardization purposes, the volume of antimicrobial consumption (number of defined 
daily dose [DDD], numerator) should be adjusted by a measure representing hospital activity 
(denominator). Table A2.1 describes the different activity measures and gives examples 
for calculation.

Table A2.1. Description of different hospital activity indicators (denominators) and 
examples for their calculation

Variable Patient days (PD)

Description
The sum of patient days for a defined period of time and specific hospital unit 
(e.g. ward or whole hospital). Two different versions of counting patient days are 
presented.

Examples for 
calculation 
(version 1)

Version 1: Number of patients in a location measured at the same time each day 
(e.g. midnight statistic or count at 12:00 noon)

Date Number PD of patient X Number PD of patient Y

01.02.2018

Patient X was admitted at 8:00 am. 
Patient X counts, because the 
count for 01.02.2018 was taken at 
12:00 noon on 01.02.2018 and the 
patient had already been admitted.
1

Patient Y was admitted at 1:00 
am. Patient Y counts, because the 
count for 01.02.2018 was taken at 
12:00 noon on 01.02.2018 and that 
is when they were admitted. 
1

02.02.2018 2 2

03.02.2018 3 3

04.02.2018 4 4

05.02.2018

4 Patient X was discharged at 8:00 
am. The day 05.02.2018 does not 
count, because the patient was not 
in the hospital at 12:00 noon on 
05.02.2018 when the count for that 
day was taken.

5 Patient Y was discharged at 
8:00 am, 06.02.2018 
The day 05.02.2018 counts, 
because patient Y was still in 
the hospital at 12:00 noon on 
05.02.2018, when the count for 
that day was taken. 

Sum of PD 4 Patient days 5 Patient days

Example for 
calculation 
(version 2)

Version 2: Admission day and discharge day are counted as 1 day

Date Day Number PD of patient X

01.02.2018 1 Patient X was admitted at 8:00 am 

02.02.2018 2

03.02.2018 3

04.02.2018 4

05.02.2018 5 Patient X was discharged at 5:00 pm

Sum of PD 4 Because the days 01.02.18 and 05.02.18 are counted as 1 day, 
for patient X 4 patient days are counted.
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Variable Bed days (BD)

Description Sum of bed days for a defined period of time in which the unit (e.g. ward or whole 
hospital) was active. 

Example for 
calculation

Bed count in the hospital or hospital unit: 100 beds
Bed days for 1 month: 30 x 100 = 3000 BD

Variable Occupied bed days (OBD)

Description
Sum of occupied bed days for a defined period of time and specific hospital unit 
(e.g. ward or whole hospital); number of bed days minus number of bed days 
without occupation by a patient.

Examples for 
calculation

Version 1: Bed count in the hospital or hospital unit: 100 beds
Bed days for 1 month: 30 x 100 = 3000 bed days
Vacancies: 90
Occupied bed days: 3000 bed days – 90 vacancies = 2910 OBD

Version 2: Bed count in the hospital or hospital unit: 100 beds
Occupancy rate: 80%
Bed days for 1 month: 30 x 100 = 3000 bed days 
Occupied bed days: 3000 bed days x 0.8 = 2400 OBD

Variable Days present (DP)

Description
Sum of days of inpatients who are present for any part of a calendar day within 
a given period of time and the specified hospital unit. 

Example for 
calculation

Date Day Patient X

01.02.2018 1 Patient X was admitted at 4:00 pm 

02.02.2018 2 Present

03.02.2018 3 Present

04.02.2018 4 Present

05.02.2018 5 Patient X was discharged at 10:00 am

Sum of days 
present 5 All days count

Variable Billing days (BID)

Description
Sum of the numbers of daily occupancy charges for a defined period of time and 
specific hospital unit (e.g. ward or whole hospital) 

Example for 
calculation

A patient, who has occupied a bed for an entire calendar day (i.e. 00:00 to
23:59) and for whom a room and board charge has applied, counts as 1 BID to the 
overall count.

Variable Admissions (ADM)

Description

Sum of the patients admitted in a defined period of time and specific hospital unit 
(e.g. ward or whole hospital). A patient is a new admission when they have been 
assigned to a bed and have not been present in the hospital or unit the day before. 
Where admissions are counted manually by day, the time point of counting should 
be the same for every day.
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Example for 
calculation

Time point of counting: 1:00 pm

Location Patient X Present at 
1:00 pm

Unit admission 
count

Facility 
admission 
count

Surgical ward 01–02.01.18 Yes
1
Initial admission: 
counted

1 Facility 
admission: 
counted

Intermediate 
Care 02.01.18 No

–
Patient moved 
from the 
surgical ward 
to intermediate 
care and back to 
the surgical ward 
before the count 
took place: not 
counted

Facility-wide the 
same admission: 
not counted

Surgical ward 02–05.01.18 Yes

–
Patient 
readmitted to 
the same surgical 
ward: not 
counted

Facility-wide the 
same admission: 
not counted

Medical ward 05–10.01.18 Yes

1
Patient 
transferred to 
the medical ward 
and present 
during the count: 
counted

Facility-wide the 
same admission: 
not counted

In total: 
• facility admissions: 1
• surgical ward admissions: 1 
• intermediate care admissions: 0 
• medical ward admissions: 1

Variable Discharges/separations (DIS)

Description Sum of the number of patients discharged in a defined period of time and a specific 
hospital unit. Can be used in the case the number of admissions is not available.

Definitions

Hospital inpatient: A person who is provided room, board and continuous general nursing 
services in an area of the hospital where patients generally stay at least overnight.

Inpatient admission: The formal acceptance by a hospital of a patient who is to be provided 
with room, board and continuous general nursing services in an area of the hospital where 
patients generally stay overnight.

Inpatient discharge: The termination of a period of inpatient hospitalization through formal 
release of the inpatient by a hospital. This designation includes patients who are discharged 
alive (by a physician order), who are discharged against medical advice, who are transferred to 
another hospital, or who died while hospitalized. Unless otherwise indicated, inpatient discharges 
include deaths.

Hospital outpatient: A hospital patient who receives services in one or more of the outpatient 
facilities when not currently an inpatient or home care patient; for example, emergency outpatient 
and clinic outpatient (diagnosis and treatment on an ambulatory basis).
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Annex 3 – Contextual data – hospital 
questionnaire

The hospital questionnaire serves to collect information about the wider surveillance 
framework in order to expand possibilities of data analysis and to support interpretation of 
the data. A model questionnaire, which could be adapted by the hospital or subnational/
national surveillance system according to the local needs and priorities, is provided in Table 
A3.1. A detailed description of selected variables (e.g. hospital types) is given in Table A3.2.

Table A3.1. Example of a questionnaire for the collection of contextual data

Hospital characteristics

Hospital ID ___________

Geographical location of the hospital

 District:___________
 Province:__________ 
 State:____________
 Other allocation:

Hospital group  Yes  No

Hospital group ID  

Year YYYY

Teaching status  Teaching hospital
 No teaching hospital

Hospital type

 Primary care
 Secondary care
 Tertiary care
 Specialized hospital 

Hospital ownership

Type of specialization:
 Public
 Private, not for profit
 Private, for profit
 Other or unknown

Hospital size

Number of hospital beds Number:  Not available 

Number of acute care beds Number:  Not available  Not applicable

Hospital structure

Presence of an intensive care unit  Yes  No

Number of beds in the intensive care unit(s) Number:  Not available  Not applicable

Presence of other high-risk wards  Yes  No

Number of beds in other high-risk wards Number:  Not available  Not applicable

Presence of long-term-care and/or rehabilitation 
wards  Yes  No

Number of beds in long-term-care and/or 
rehabilitation wards Number:  Not available  Not applicable

Presence of paediatric wards  Yes  No

Number of beds in paediatric wards Number:  Not available  Not applicable
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Consumption data

Which data source is used?

 Purchase data
 Unit-based dispensing data
 Patient-based dispensing data
 Patient-based billing data
 Prescription data
 Medicines administration data
 Other
Which:____________

Have outpatients (ambulatory care/ emergency 
departments) been included?  Yes  No

Do inpatients receive antibiotics at discharge?  Yes  No

Have antibiotics provided to discharged inpatients 
been included?  Yes  No

Have long-term-care and/or rehabilitation wards 
been included?  Yes  No

Do inpatients acquire antibiotics from sources 
other than the hospital pharmacy?

 Yes  No
Comment___________________________
___________________________________

Estimate of the percentage of prescribed 
medicines, which are provided by sources other 
than the hospital pharmacy in the period of 
surveillance (in routine operations)

 0%
 <30%
 30–60%
 >60%
 Unknown
If available, please provide the exact percentage 
(%):__________
Comment___________________________
___________________________________

Hospital activity measure(s)

Which measure(s) of hospital activity are used?

 Patient days (PD)
 Bed days (BD)
 Occupied bed days (OBD)
 Days present (DP)
 Billing days (BID)
 Admissions (ADM)
 Discharges/separations (DIS)

How is (are) the selected hospital activity 
measure(s) defined?

Free text:
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Table A3.2. Detailed description of selected variables 

Variable Time period of surveillance

  The questionnaire should indicate for which period of time consumption 
and hospital activity data have been collected.

Variable Hospital ID

 
A dedicated hospital identifier (ID) is only needed for subnational/
national and supranational surveillance. It is assigned by the subnational/
national surveillance team and should remain the same over time.

Variable Geographical location

 
The hospital may be assigned to different geographical locations such as 
districts, provinces, states or another geographical allocation system used 
in the country.

Variable Hospital group

 

It should be indicated whether the hospital belongs to an administrative 
hospital group (e.g. trust or chain). Data should be collected and analysed 
by each single hospital, but knowledge about the hospitals belonging to 
a hospital group might support interpretation of the data as hospitals 
might be more homogeneous because of similar administration and 
management. In case that data from the different hospital sites cannot be 
divided, data can be provided for the whole hospital group.

Variable Hospital group ID

 

Only needed for subnational/national and supranational surveillance. 
The identifier should be assigned by the subnational/national 
surveillance team and serves to group hospitals, which are included in an 
administrative hospital group. 

Variable Hospital typea

  Acute care hospitals are divided into four categories: primary care, 
secondary care, tertiary care and specialized hospital.

1. Primary care

Attributes of a primary care hospital: 
a. few specialities (mainly internal medicine, obstetrics–gynaecology, 

paediatrics, general surgery or only general practice); 
b. limited laboratory services are available for general but not specialized 

pathological analysis; and
c. commonly referred to as ‘district hospital’, ‘rural hospital’, ‘community 

hospital’ or ‘general hospital’.

2. Secondary care

Attributes of a secondary care hospital: 
a. highly differentiated by function with five to ten clinical specialities, 

such as haematology, oncology, nephrology and intensive care unit 
(ICU);

b. takes some referrals from other (primary) hospitals;
c. could have teaching activities; and
d. commonly referred to as ‘regional hospital’, ‘provincial (county) 

hospital’ or ‘general hospital’.

3. Tertiary care

Attributes of a tertiary care hospital:
a. highly specialized staff and technical equipment (e.g. ICU, haematology, 

transplantation, cardio-thoracic surgery, neurosurgery);
b. clinical services are highly differentiated by function;
c. specialized imaging units;
d. regularly takes referrals from other (primary and secondary) hospitals;
e. often a university hospital or associated to a university;
f. commonly referred to as ‘national hospital’, ‘central hospital’ or 

‘academic or university hospital’.

4. Specialized hospital
Attributes of a specialised hospital: 
a. single clinical speciality, possibly with sub-specialities; and
b. highly specialized staff and technical equipment.
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Variable Hospital ownershipa

Public
Hospitals that are owned or controlled by a government unit or a public 
corporation (where control is defined as the ability to determine the 
general corporate policy).

Private, not for profit

Hospitals that are legal or social entities created for the purpose of 
producing goods and services, whose status does not permit them to 
be a source of income, profit or other financial gain for the unit(s) that 
establish, control or finance them.

Private, for profit
Hospitals that are legal entities set up for the purpose of producing goods 
and services and are capable of generating a profit or other financial gain 
for their owners.

Other or unknown Hospital ownership that cannot be categorized as one of the above, 
or hospital ownership is unknown.

Comment 

If hospital ownership is unclear, prioritize management over ownership 
of the building and/or funding. For instance, if a hospital is managed 
privately (for profit) but the building is state owned or the hospital 
receives public funding, then select ‘private, for profit’. 

Variable High-risk wardsa

High-risk units are defined as units or wards that by the type of care and 
patient mix are supposed to be high consumers of antibiotics.
High-risk units exclude ICUs as they are defined separately.
The following types of wards may be considered as high-risk wards:
a. haematology;
b. oncology;
c. burns;
d. transplantation; and
e. infectious diseases (general or specialized infectious disease wards, 

such as HIV units).

Variable Hospital activity indicators

 

The hospital activity measure(s), which have been selected for calculation 
of antimicrobial consumption density, should be indicated. Hospitals may 
choose to use more than one measure. Indicators for hospital activity are 
patient days, bed days, occupied bed days, days present, billing days, 
admissions and discharges/separations. Standard indicators are patient 
days and/or admissions. A detailed description and examples for 
calculation are given in Annex 2.

a  In accordance with the WHO methodology for point prevalence survey on antibiotic use in hospitals (2) and European Centre for 
Disease Prevention and Control (ECDC) surveillance protocol for the point prevalence survey of health care associated infections 
and antimicrobial use in European acute care hospitals (3). 
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Annex 4 – Contextual data – 
antimicrobial stewardship indicators

The questionnaire seeks data on the implementation of structure and process indicators in the 
hospital setting. 

Questionnaire on selected antimicrobial stewardship indicatorsa

Questionnaire on selected antimicrobial stewardship indicators

Infrastructure

Hospital ID: 
Date: 
Year of survey: 

Affiliation of the person completing the 
questionnaire:
 Pharmacy  Infectious disease physician 
 Member of the antimicrobial stewardship team 
 Clinician
Other:___________________________ 
Position:___________________________

1. Does the hospital have a Pharmacy and Therapeutics Committee?  Yes  No

2. Does the hospital have a person or formal organizational structure responsible for 
pharmacovigilance?  Yes  No

3. Is the antimicrobial formulary based on the Essential Medicines List?  Yes  No

4. Does your facility have a formal antimicrobial stewardship programme accountable 
for ensuring appropriate antimicrobial use?  Yes  No

5. Does your facility have a formal organizational structure responsible for 
antimicrobial stewardship (e.g. a multidisciplinary committee focused on 
appropriate antimicrobial use, pharmacy committee, patient safety committee or 
other relevant structure)?

 Yes  No

6. Is an antimicrobial stewardship team available at your facility (e.g. greater than 
one staff member supporting clinical decisions to ensure appropriate antimicrobial 
use)?

 Yes  No

7. Is there a physician identified as a leader for antimicrobial stewardship activities at 
your facility?  Yes  No

8. Is there a pharmacist responsible for ensuring appropriate antimicrobial use at 
your facility?  Yes  No

9. Does your facility provide any salary support for dedicated time for antimicrobial 
stewardship activities (e.g. percentage of full-time equivalent [FTE] for ensuring 
appropriate antimicrobial use)?

 Yes  No

10. Does your facility have the information technology (IT) capability to support the 
needs of the antimicrobial stewardship activities?  Yes  No

11. Does your facility have an outpatient parenteral antibiotic therapy (OPAT) unit?  Yes  No

12. Does your facility have an infection prevention and control committee?  Yes  No

13. Does your facility have a microbiological laboratory/division within the hospital?  Yes  No

14. Does your facility have access to microbiological services outside the hospital?  Yes  No

Policy and practice

15. Does your facility have an antibiotic formulary (including restricted and 
unrestricted antibiotics) that is updated regularly?  Yes  No

16. Is the antibiotic formulary based on the Essential Medicines List?  Yes  No
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17. Does your facility have an antibiotic guideline?  Yes  No

18. Does your facility have local antibiotic guidelines, adapted to the specific 
circumstances of the hospital (e.g. with respect to the local resistance rates)?  Yes  No

19. Does your facility have facility-specific treatment recommendations based on 
local antimicrobial susceptibility to assist with antimicrobial selection for common 
clinical conditions?

 Yes  No

20. Does your facility have a written policy that requires prescribers to document 
an indication in the medical record or during order entry for all antimicrobial 
prescriptions?

 Yes  No

21. Is it routine practice for specified antimicrobial agents to be approved by a 
physician or pharmacist in your facility (e.g. pre-authorization)?  Yes  No

22. Is there a formal procedure for a physician, pharmacist or other staff member to 
review the appropriateness of an antimicrobial at or after 48 hours from the initial 
order (post-prescription review)?

 Yes  No

Monitoring and feedback

23. Has your facility produced a cumulative antimicrobial susceptibility report in the 
past year?  Yes  No

24. Does your facility monitor if the indication is captured in the medical record for all 
antimicrobial prescriptions?  Yes  No

25. Does your facility audit or review surgical antimicrobial prophylaxis choice and 
duration?  Yes  No

26. Does your facility monitor antimicrobial use?  Yes  No

27. Does your facility monitor antimicrobial use by grams (defined daily dose, DDD) or 
counts (days of therapy, DOT) by patient by day?  Yes  No

28. Is monitored antimicrobial use reported by hospital activity denominator (e.g. 
by number of admissions or patient days)?  Yes  No

29. Are results of antimicrobial audits or reviews communicated directly with 
prescribers?  Yes  No

30. Has an annual report that is focused on antimicrobial stewardship (summary 
antimicrobial use and/or practices improvement initiatives) been produced for your 
facility in the past year?

 Yes  No

31. Is your facility participating in a national antimicrobial resistance surveillance 
programme?  Yes  No

32. Is your facility participating in a national antimicrobial consumption surveillance 
programme?  Yes  No

33. How many blood cultures were made in the past year? Number

34. List of antimicrobials out of stock the last year. Text

aAdapted from TATFAR and DRIVE-AB (4, 5).

Description of selected variables

1. Hospital ID: A dedicated hospital identifier (ID) is only needed for subnational/national 
and supranational surveillance. It is assigned by the subnational/national surveillance team 
and should remain the same over time.

2. Date: Date of completion of the questionnaire.

3. Position: Position of the person completing the questionnaire.
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Annex 5 – Codes

1. Codes for measurement units

Measurement units

Code Name

MG milligram

G gram

IU international unit

MU millions of international units

UD unit dose

PCS piece

ML millilitre

2. Codes for route of administration

Route of administration

Code Name

O oral

P parenteral

R rectal

IP inhalation powder

IS inhalation solution

3. Conversion factor

Conversion factors

ATC5 Administration 
route From To Factor

J01CE01 P MU G 0.6

J01CE02 O MU G 0.625

J01FA02 O MU G 0.3125

J01CE08 P MU G 0.6

J01CE09 P MU G 1
ATC: anatomical therapeutic chemical; MU: million units; O: oral; P: parenteral.
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4. Product origin

CODE PRODUCT_ORIGIN

PM Manufacturer, direct procurement by the 
hospital

CM Central medical store

DO Donation

SA Specific authorization required, drug supplied 
by a dedicated organization

WS Wholesaler

OTH Other

5. Codes for medical specialities and departments

Medical departments – standard categoriesa

Paediatric departments

PMW: paediatric medical ward

PSW: paediatric surgical ward

PHR: paediatric high-risk ward (see high-risk units)

PICU: paediatric intensive care unit

Neonatal departments

NMW: neonatal medical ward

NICU: neonatal intensive care unit

Adult departments

AMW: adult medical ward

ASW: adult surgical ward

AHRW: adult high-risk ward (see high-risk units)

AICU: adult intensive care unit

Mixed departments

MXW: mixed adult/paediatric ward

MXAW: mixed adult ward

MXPW: mixed paediatric ward

Other

G/O: gynaecology/obstetrics

LTC/RHB: long-term care/rehabilitation

OUT: Outpatient care (ambulatory care/emergency)

a Adapted from the Centers for Disease Control and Prevention (CDC) Antimicrobial Use and Resistance (AUR) Module (6) and from 
the WHO methodology for point prevalence survey on antibiotic use in hospitals (2).
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Allocation of medical specialities to departments (standard categories)

Speciality Departments

CODE Specialitya Departmentb CODE

SURGEN General surgery Adult surgical ward ASW

SURDIG Digestive tract surgery Adult surgical ward ASW

SURORTR Orthopaedics and surgical traumatology Adult surgical ward ASW

SURORTO Orthopaedics Adult surgical ward ASW

SURTR Traumatology Adult surgical ward ASW

SURCV Cardio surgery and vascular surgery Adult surgical ward ASW

SURCARD Cardio surgery Adult surgical ward ASW

SURVASC Vascular surgery Adult surgical ward ASW

SURTHO Thoracic surgery Adult surgical ward ASW

SURNEU Neurosurgery Adult surgical ward ASW

SURPED Paediatric general surgery Adult surgical ward ASW

SURTRANS Transplantation surgery Adult surgical ward ASW

SURONCO Surgery for cancer Adult surgical ward ASW

SURENT Gastrointestinal surgery Adult surgical ward ASW

SUROPH Ophthalmology Adult surgical ward ASW

SURMAXFAC Maxillo-facial surgery Adult surgical ward ASW

SURSTODEN Stomatology/dentistry Adult surgical ward ASW

SURBURN Burns care Adult surgical ward ASW

SURURO Urology Adult surgical ward ASW

SURPLAS Plastic and reconstructive surgery Adult surgical ward ASW

SUROTH Other surgery Adult surgical ward ASW

MEDGEN General medicine Adult medical ward AMW

MEDGAST Gastroenterology Adult medical ward AMW

MEDHEP Hepatology Adult medical ward AMW

MEDENDO Endocrinology Adult medical ward AMW

MEDONCO Oncology Adult high-risk ward AHRW

MEDHEMA Haematology Adult high-risk ward AHRW

MEDBMT Bone marrow transplantation (BMT) Adult high-risk ward AHRW

MEDHEMBMT Haematology/BMT Adult high-risk ward AHRW

MEDCARD Cardiology Adult medical ward AMW

MEDDERM Dermatology Adult medical ward AMW

MEDNEPH Nephrology Adult medical ward AMW

MEDNEU Neurology Adult medical ward AMW

MEDPNEU Pulmonology Adult medical ward AMW

MEDRHEU Rheumatology Adult medical ward AMW

MEDID Infectious diseases Adult high-risk ward AHRW
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Speciality Departments

CODE Specialitya Departmentb CODE

MEDTR Medical traumatology Adult medical ward AMW

MEDOTH Other medical Adult medical ward AMW

PEDGEN Paediatrics general, not specialized Mixed paediatric ward MPW

PEDNEO Neonatology (excluding healthy 
neonates) Neonatal medical ward NMW

PEDBAB Healthy neonates (paediatrics) Neonatal medical ward NMW

ICUNEO Neonatal intensive care unit (ICU) Neonatal intensive care unit NICU

ICUPED Paediatric ICU Paediatric intensive care unit PICU

ICUMED Medical ICU Adult intensive care unit AICU

ICUSUR Surgical ICU Adult intensive care unit AICU

ICU Mixed (polyvalent) ICU, 
general intensive or critical care Adult intensive care unit AICU

ICUSPEC Specialized ICU Adult intensive care unit AICU

ICUOTH Other ICU Adult intensive care unit AICU

GOBS Obstetrics/maternity Gynaecology/obstetrics GO

GOGYN Gynaecology Gynaecology/obstetrics GO

GOBAB Healthy neonates (maternity) Gynaecology/obstetrics GO

GER Geriatrics, care for the elderly Adult medical ward AMW

PSY Psychiatry Psychiatry/psychosomatic PSY

RHB Rehabilitation Rehabilitation/long-term care RHB/LTC

LTC Long-term care Rehabilitation/long-term care RHB/LTC

MIXA Combination of specialities Mixed adult ward MXAW

MXP Mixed, paediatric/adult (MIXW) Combination of paediatric/
adult ward MXPW

PEDONC Paediatric oncology Paediatric high-risk ward PHRW

PEDHAEM Paediatric haematology Paediatric high-risk ward PHRW

PEDBMT Paediatric bone marrow transplantation 
(BMT) Paediatric high-risk ward PHRW

PEDHAEM/BMT Paediatric haematology/BMT Paediatric high-risk ward PHRW

PEDINF Paediatric infectious diseases Paediatric high-risk ward PHRW

OPC Outpatient care (ambulatory care/ 
emergency) Outpatient care OPC

OPTc Operation theatre Adult surgical ward or mixed 
adult/paediatric ward ASW/MXW

OTH Others not listed Others OTH
a  Medical specialities adapted from the surveillance protocol of the point prevalence survey of healthcare-associated infections and 

antimicrobial use in European acute care hospitals, European Centre for Disease Prevention and Control (ECDC) (3).
b Departments adapted from CDC (2020) (6) and WHO (2019) (2).
c  Storage and supply of antimicrobials for surgical prophylaxis are organized differently in different hospitals. In some hospitals 

antimicrobials for surgical prophylaxis are stored and provided by the surgical ward in which the patients are cared for, whereas in 
other hospitals they are stored and provided in the operating theatre. If the consumption estimates of the whole hospital or the 
surgical department should be calculated, and in the case that order and storage of antimicrobials for surgical prophylaxis are 
located in the operation theatre, the consumption volume of the operating theatre must be added to the consumption volume of 
the surgical department or the whole hospital in order to include the full amount of antimicrobial prophylaxis.
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Annex 6 – AWaRe categorization: 
example of use
In the first WHO global report on the implementation of antimicrobial consumption surveillance, 
the presentation of the data according to the AWaRe classification was among the types 
of analysis applied (7). Figure A6.1 shows the AWaRe categorization of total antimicrobial 
consumption (J01) of the six countries in the Western Pacific Region in 2015.

Figure A6.1. Proportional consumption (%) of antibiotics by AWaRe categorization 
in 6 countries of the Western Pacific Region, 2015.
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