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The identification of antimicrobial use patterns is essential for determining key targets for antimicrobial stewardship interven-
tions and evaluating the effectiveness thereof. Accurately identifying antimicrobial use patterns requires quantitative evalua-
tion, which focuses on measuring the quantity and frequency of antimicrobial use, and qualitative evaluation, which assesses
the appropriateness, effectiveness, and potential side effects of antimicrobial prescriptions. This paper summarizes the quan-

titative and qualitative methods used to evaluate antimicrobials, drawing insights from overseas and domestic cases.
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INTRODUCTION

The use of antimicrobials saves many lives by effectively
combating bacterial infections. However, the rampant over-
use and misuse of antimicrobials poses a significant threat
to global health, contributing to the emergence of antimi-
crobial-resistant strains [1]. This has led to severe conse-
quences, including prolonged hospital stays, high treatment
costs, and mortality due to infections caused by antimicrobi-
al-resistant pathogens [2,3]. Recognizing the severity of the
situation, the World Health Organization (WHO) declared
antimicrobial resistance a critical health crisis and, in 2015,
released the Global Action Plan on Antimicrobial Resistance
[4]. This plan calls for a concerted global response to curb
indiscriminate antimicrobial use and combat resistance.

The increasing inappropriate use of antimicrobials has
created a vicious cycle, leading to increased antimicrobial
resistance, continued widespread and inappropriate antimi-
crobial use, and a further increase in resistance. Globally,
there is a concerted focus on implementing antimicrobial
stewardship programs (ASPs) to interrupt this cycle, improve
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clinical outcomes, mitigate collateral damage, including
from Clostridioides difficile infection [5,6], and reduce costs.
These programs involve comprehensive interventions aimed
at assessing and enhancing the appropriateness of antimi-
crobial use, including in terms of type, dose, duration, and
administration route [6,7]. Similar to the situation in other
countries, several Korean hospitals are actively engaged in
the implementation of ASPs [8-10].

A fundamental aspect of ASP is the identification of an-
timicrobial use patterns [6,7], which sheds light on key tar-
gets for interventions and facilitates the evaluation of in-
tervention effectiveness [11]. Furthermore, it provides data
essential for establishing correlations between antimicrobial
use and the development of antimicrobial-resistant bacteria,
thereby raising awareness among health professionals, con-
sumers, and policymakers regarding antimicrobial resistance
and inappropriate use [12]. Acknowledging the significance
of this process, evaluating antimicrobial use and providing
feedback are key strategies for implementing ASPs, as out-
lined by the US Centers for Disease Control and Prevention
(CDC) and Korea Disease Control and Prevention Agency
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(KDCA) [6,13-15]. This approach is further designated as a
core strategy within the Second National Action Plan on An-
timicrobial Resistance in Korea, 2021-2025 [16].

Accurate identification of antimicrobial use patterns ne-
cessitates both quantitative and qualitative assessments
[12]. Quantitative assessment evaluates the quantity and
frequency of antimicrobial use to determine distributions
and trends [8]. Conversely, qualitative assessment focuses
on adherence to guidelines, as well as the adequacy, ef-
fectiveness, and side effects of antimicrobial prescriptions
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[17]. These two evaluation methods provide complemen-
tary information. Quantitative assessments alone cannot
determine the appropriateness of antimicrobial use, where-
as qualitative assessments alone do not account for overall
trends. Hence, both methods are essential for the effective
implementation of ASPs.

This article summarizes the quantitative and qualitative
methods for evaluating antimicrobial use within the frame-
work of ASP activities, examining the current situation in
Korea and abroad.

Table 1. WHO AWaRE classification

Narrow spectrum antibiotics
Good safety profile in terms of side-effects

Access group
Watch group Broader-spectrum antibiotics

Recommended as first-choice options for patients with more severe clinical presentations

For infections where the causative pathogens are more likely to be resistant to Access antibiotics

Reserve group Last-choice antibiotics used to treat multidrug-resistant infections
Not recommended group

WHO, World Health Organization; AWaRE, Access, Watch, and Reserve.
Adapted from WHO [19].

Table 2. Spectrum-based classification of antimicrobials according to KONAS

Classification Antimicrobials included in each classification

All antibiotics

Al systemic antibiotics (not including ‘antifungals' or ‘antivirals): medications relevant to
Anatomical Therapeutic Chemical classification J01, AO7AAQ9 (oral vancomycin), and
PO1AB (nitroimidazole derivatives).

Amikacin, Cefepime, Cefoperazone/sulbactam, Cefpirome, Ceftazidime, Doripenem,
Imipenem/cilastatin, Meropenem, Piperacillin/sulbactam, Piperacillin/tazobactam,
Tobramycin

Broad-spectrum antibiotics commonly used
for nosocomial infectious diseases

Aztreonam, Cefcapene, Cefdinir, Cefditoren, Cefetamet, Cefixime, Cefodizime,
Cefotaxime, Cefpiramide, Cefpodoxime, Ceftizoxime, Ceftriaxone, Ciprofloxacin,
Ertapenem, Gemifloxacin, Levofloxacin, Lomefloxacin, Moxifloxacin, Norfloxacin,
Ofloxacin, Tosufloxacin, Zabofloxacin

Broad-spectrum antibiotics commonly used
for community infectious diseases

Antibiotics commonly used against Daptomycin, Linezolid, Teicoplanin, Vancomycin (injections only)

gram-positive resistant bacteria

Non-broad-spectrum beta-lactam antibiotics  Amoxicillin, Amoxicillin/clavulanate, Amoxicillin/sulbactam, Ampicillin, Ampicillin/
sulbactam, Benzathine penicillin, Cefaclor, Cefadroxil, Cefalexin, Cefamandole,
Cefazedone, Cefazolin, Cefbuperazone, Cefmetazole, Cefminox, Cefotetan, Cefotiam,
Cefoxitin, Cefprozil, Cephradine, Cefroxadine, Ceftezole, Cefuroxime, Flomoxef,
Nafcillin, Sultamicillin

Antifungal drugs mainly used for invasive Anidulafungin, Caspofungin, Fluconazole, Micafungin

candidiasis
Antibiotics commonly used against Ceftolozane/tazobactam, Colistin, Tigecycline, Ceftazidime/avibactam

gram-negative highly resistant bacteria

KONAS, Korea National Antimicrobial Use Analysis System.

384  www.kjim.org https://doi.org/10.3904/kjim.2023.506


www.kjim.org

Moon SM, et al. Antimicrobial usage for ASP

QUANTITATIVE EVALUATION

Evaluation methods
The diverse array of antimicrobials are categorized into
classes. Traditionally, antimicrobials with similar chemical
structures or mechanisms for killing microbes are catego-
rized together. Example representative classes include ami-
noglycosides, carbapenems, cephalosporins, fluoroguinolo-
nes, macrolides, and penicillin [18]. However, antimicrobials
within the same class often exhibit significant differences in
indications and antimicrobial spectrums, particularly against
resistant bacteria. Consequently, efforts are underway to
categorize antimicrobials based on the antimicrobial spec-
trum rather than adhering to traditional classifications. The
WHO has introduced the WHO Access, Watch, and Reserve
(AWaRe) system, categorizing antimicrobials according to
the associated risk of developing resistant bacteria (Table 1).
“Access” (A) antimicrobials are frequently prescribed and
always available, “watch” (Wa) antimicrobials are recom-
mended only in limited circumstances, and “Reserve” (Re)
antimicrobials are considered the final resort when other
options are unavailable [19].

The US CDC has collaborated with expert groups to devel-

Table 3. Comparison between DDD and DOT

KJIM™

op a classification system for measuring antimicrobial use.
The standardized antimicrobial administration ratio (SAAR),
an indicator of antimicrobial use, is applied within the Na-
tional Healthcare Safety Network (NHSN)-Antimicrobial Use
(AU) module, a national antimicrobial use monitoring sys-
tem [20]. In Korea, a classification system for measuring an-
timicrobial use was developed by a group of ASP experts in
2019 based on benchmarking from the CDC classification
system and a Delphi survey [21]. This system incorporates
both spectrum- and class-based classifications and is utilized
in the Korea National Antimicrobial Use Analysis System
(KONAS), an antimicrobial use monitoring system in Korea.
The spectrum-based classification is presented in Table 2.
Antimicrobial use is commonly quantified using the de-
fined daily dose (DDD) or days of therapy (DOT) (Table 3).
The WHO defines DDD as the average daily dose admin-
istered to adults for treating infectious diseases when a
specific antimicrobial is the primary indication [22]. When
assessing antimicrobial use, the actual antimicrobial dose is
divided by the standard DDD of the respective antimicrobial
(actual use/standard DDD). For instance, if Hospital A utilizes
40,000 g of ceftriaxone in 1 year and the standard DDD for
ceftriaxone is 2 g, the result is 20,000 DDD. This indicates

Category DDD DOT

Definition The average dose given per day to adults for the The sum of the number of days the patient was given
treatment of infectious diseases in which certain antimicrobials
antimicrobials are the primary indications

Advantages e Easy to collect data (no need for patient-specific data) e Applicable to children

Disadvantages ¢ Not applicable to children

e Inaccurate results may be obtained in patients with
decreased renal function or who require high-dose or

combination therapy

* More intuitive than DDD

e Inaccurate results may be obtained in patients with
decreased renal function or who require high-dose or
combination therapy

e Difficult to collect data (patient-specific data required)

Example 8/16 8/17 8/18 8/19 8/20 8/21
Piperacillin/Tazobactam (g) 18 18 18 13.5 13.5 13.5
Vancomycin (g) 2 2 1 1

\/ Piperacillin/Tazobactam

= DDD: (18 + 18 + 13.5 + 13.5 + 13.5)/ 14 = 6.75

sDOT:1+1+1+1+1+1=6
\/ Vancomycin

sDDD: 24+2+1+1)/2=3
sDOT: 1 +1+1+1=4

DDD, defined daily dose; DOT, days of therapy.

Adapted from 2023 Annual report on antimicrobial use in Korean hospitals [23].
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that ceftriaxone was prescribed to 20,000 adult patients at
Hospital A throughout the year.

However, DDD may be overestimated in situations requir-
ing combination therapy or high-dose antimicrobials, such
as central nervous system infections. Conversely, it may be
underestimated when dose reduction is necessary due to
renal insufficiency. Moreover, DDD, being a unit designed
for adults, is not applicable to children [22]. DOT is the total
number of days on which any dose of antimicrobials was
administered to individuals. For example, if a patient is ad-
ministered ceftriaxone for 10 days and metronidazole for 7
days, the DOT for ceftriaxone would be 10, and the DOT for
metronidazole would be 7. Unlike DDD, DOT can be applied
to pediatric patients. However, similar to DDD, concerns
exist regarding potential mismeasurement in patients with
renal insufficiency and those requiring combination therapy
[8]. Although DDD is advantageous because it does not re-
quire individual patient information, DOT is simpler and ap-
plicable to pediatric patients. Consequently, the antimicro-
bial stewardship guidelines published by Infectious Diseases
Society of America/The Society for Healthcare Epidemiology
of America recommend measuring antimicrobial use with
DOT to assess antimicrobial stewardship performance [7].
Antimicrobial use measured by DDD or DOT is reported
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as 1,000 patient-days or 1,000 inhabitant-days to provide
an objective indicator of antimicrobial use within a group.
Moreover, comparisons with other groups are facilitated by
adjusting for the number of patients within a specific group/
population.

As noted previously, both DDD and DOT indicate the
number of antimicrobials used. However, if more than one
antimicrobial is administered to a patient, there is a possi-
bility of overestimating the number of antimicrobials used,
even when used appropriately. To address this concern, the
length of therapy is occasionally employed to measure anti-
microbial use based on the number of antimicrobial admin-
istration days per patient, irrespective of the antimicrobial
type [8].

Benchmarking refers to comparisons of antibiotic usage
among times and locations, which is necessary to evalu-
ate the extent of antimicrobial use at individual institutions
and set appropriate improvement targets. Internal bench-
marking measures changes in antimicrobial use over time
within a hospital, whereas external benchmarking involves
comparisons with other institutions. Internal benchmarking
can be affected by external factors (outbreaks and policy
changes). In the case of external benchmarking, there are
many antimicrobials with similar efficacy and effects, but

Table 4. Comparison of nationwide surveillance systems among various countries

Country Surveillance program

Target Data source

- National Antimicrobial Utilization
Surveillance Program (NAUSP)

- National Prescribing Service (NPS)
MedicineWise

National Healthcare Safety Network (NHSN)
Antimicrobial Use module

Australia

United States

United Kingdom  English surveillance programme for
antimicrobial utilisation and resistance

(ESPAUR)

Canadian Antimicrobial Resistance
Surveillance System (CARSS)

Canada

Japan Japan Surveillance for Infection Prevention
and Healthcare Epidemiology System

(J-SIPHE)

Korea National Antimicrobial Use Analysis
System (KONAS)

Korea

- Acute care hospitals
- General practitioners

Inpatient facilities

All hospitals

- Drug dispensing data
- Medicare pharmacy claims

Electronic medication
administration record and/or bar
coding medication record

Drug prescription data

- Healthcare sector: sample
hospitals

- Community sector: sample
pharmacy and outpatient clinic

All' hospitals

Secondary- and Tertiary-care
hospitals

Drug sales and purchase record

Medical billing data

National health insurance claim
data
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patterns may differ among hospitals; this makes interpreta-
tion challenging [23,24]. Therefore, it is preferable to inter-
pret benchmarking using both methods. Antimicrobial use
indicators are sometimes employed to facilitate benchmark-
ing because of the difficulty of collecting data from multiple
institutions for external benchmarking [25]. A representative
example is the SAAR in the NHSN-AU module of US CDC,
which compares expected and actual antimicrobial use ac-
cording to hospital characteristics [20]. The SAAR is calcu-
lated as the ratio of actual and predicted antimicrobial use,
with values > 1 indicating higher-than-predicted antimicro-
bial use and values < 1 indicating a level of antimicrobial
use below that predicted. In Korea, K-SAAR was developed
by modeling expected antimicrobial usage according to in-
stitutional characteristics using data from general hospitals,
including tertiary ones. The K-SAAR for each participating
institution of KONAS is presented in the KONAS Web-based
reporting and analysis system (WRAP) [26].

Examples from other countries

Multiple countries have national systems that determine
antimicrobial use and provide feedback on the results
(Table 4). For instance, in Australia, the National Antimicro-
bial Utilization Surveillance Program monitors antimicrobial
usage in adult acute care hospitals using drug dispensing
data, assigning unique anonymization codes to participat-
ing hospitals for data comparison. This program publishes
antimicrobial use reports for participating hospitals across
Australia every 1-2 years, which are accessible to the public
[27]. Furthermore, the National Prescribing Service Medi-
cineWise, a nonprofit service funded by the National Health
Department, operates Medicine Insight, a drug prescription
pattern analysis and feedback system for general practi-
tioners. It uses the Medicare pharmacy claims database to
analyze antimicrobial prescribing patterns of general prac-
titioners and compares data with regional and national av-
erages [28].

In the United States, the CDC-led NHSN includes an AU
module that analyzes antimicrobial use by participating
institutions. Organizations that voluntarily participate can
easily convert their antimicrobial prescription data into a file
that can be uploaded to the NHSN through the antimicro-
bial usage analysis software of the Electronic Health Record
program, provided by the CDC or program vendors. The
staff from each organization can upload the converted file
to NHSN, which calculates the monthly antimicrobial use by
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class. Additionally, SAARs are provided to help individual in-
stitutions understand the level of antimicrobial use by class,
which can be used to formulate antimicrobial stewardship
strategies in each hospital [29].

In the United Kingdom, Public Health England, the re-
sponsible governing body of the Department of Health and
Social Care, collects and analyses antimicrobial use data
from all National Health Service (NHS) hospitals. For pri-
mary and dental care, prescription data are collected and
analyzed through the NHS. For secondary care, drug pre-
scription data collected by IQVIA, a multinational company,
along with NHS data are analyzed to assess antimicrobial
usage. The collected data are provided online (https:/fin-
gertips.phe.org.uk/) on a public website where various types
of health and medical information are easily available, in-
cluding the results of antimicrobial use analyses for each
medical institution from various perspectives. Graphical rep-
resentations make it easy for the general public to under-
stand the data. Notably, antimicrobials managed according
to national policy are periodically selected, and usage trends
are presented [30]. It also publishes the annual report of
the English surveillance program for antimicrobial utilization
and resistance [31].

The Canadian Antimicrobial Resistance Surveillance Sys-
tem, operated by the Public Health Agency of Canada,
implemented a quantitative assessment and surveillance
program for antimicrobial use in healthcare settings and
pharmacies across Canada. For the healthcare sector, they
analyze data from representative medical institutions using
drug sales and purchase records from Canadian pharmacies
and hospitals collected by IQVIA, estimate total usage based
on these data, and analyze data collected from institutions
participating in the Public Health Agency of Canada’s Ca-
nadian Nosocomial Infection Surveillance Program. For the
community sector, drug sales and purchase records collect-
ed by IQVIA from representative pharmacies and outpatient
clinics are used to estimate total usage. The results are pub-
lished in a publicly available annual report [32].

In Japan, an antimicrobial usage analysis and surveillance
program for participating medical institutions is included in
the Japan Surveillance for Infection Prevention and Health-
care Epidemiology System (J-SIPHE), which monitors health-
care-associated infections (HAIs). When medical billing data
are entered into the program, the antimicrobial usage for
each institution is calculated, and the data files are upload-
ed to J-SIPHE. The data can then be visualized as graphs or
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charts and are provided to individual institutions. The data
are then used to generate annually published national anti-
microbial use statistics [33,34].

Examples from Korea

As part of the First National Action Plan on Antimicrobial Re-
sistance in Korea, 2016-2020, a national antimicrobial us-
age analysis and monitoring system was developed in Korea
[35]. In 2019, the Development of National Antimicrobial
Monitoring System project was launched, led by the Korean
Society of Infectious Diseases but with participation from
the Korean Society of Antimicrobial Therapy and the Health
Insurance Review and Assessment Service (HIRA) [23]. This
project led to the establishment of KONAS, a Korean an-
timicrobial usage monitoring system, which commenced
operations for tertiary and secondary care hospitals in 2022
following a successful pilot run in 2021. In 2023, 110 insti-
tutions, comprising 42 tertiary care hospitals and 68 second-
ary care hospitals, voluntarily joined the KONAS initiative
[23,36]. While currently limited to tertiary and general hos-
pitals, there are plans to progressively expand the program
to include standard hospitals, long-term care hospitals, and
clinics [37].

The antimicrobial usage analysis conducted within KONAS
primarily relies on claims data provided by HIRA. Claims data
related to antimicrobial use from the participating hospi-
tals are categorized and analyzed according to the KONAS

The Korean Journal of Internal Medicine Vol. 39, No. 3, May 2024

Antimicrobial Classification System. After analysis, ano-
nymized data are entered into the KONAS WRAP (https:/
www.konas.or.kr) and are distributed to each institution
(Fig. 1) [23]. In addition to the quantity of antimicrobials
used, information related to the participating institutions is
collected, such as the number of hospital beds, whether or
not the hospitals are used for training, and the presence of
special centers. Furthermore, data on the frequency of an-
timicrobial-resistant bacteria, including methicillin-resistant
Staphylococcus aureus, multidrug-resistant Acinetobacter
baumannii, and multidrug-resistant Pseudomonas aerugi-
nosa, are periodically collected from designated personnel
at each participating institution. All information related to
the participating institutions is confidential, and data from
individual institutions are accessible solely by the designated
personnel within the organization and the KONAS Secre-
tariat through the KONAS WRAP. Using the assigned ID,
the responsible individuals at each institution can access
KONAS WRAP to perform various analyses using external
and internal benchmarking. During this process, the desig-
nated persons at individual institutions can customize the
analysis based on treatment duration, age group (adult
or pediatric), unit of analysis (DOT/1,000 patient-days or
DDD/1,000 patient-days), intensive care unit visits, route of
administration (injectable or oral), and specific antimicrobials
(Fig. 2). Additionally, the K-SAAR index is provided to pro-
vide a clearer understanding of antimicrobial usage at indi-

Anonymization
=0 f \
| s | 2
- (—— | — —
=0
e it sepv. =
Antimicrobial Hospital server —
Prescription %
< [ r » Entering individual hospital data (antimicrobial . KONAS WRAP
O . é resistance rate, training hospital status, etc.) > B
‘ ~ p———————————— H
m & ! [] [] Usage distribution Lt b
) ‘ 0Uo (visualization processing) : (“ /
Users / :

Figure 1. Flowchart of the Korea National Antimicrobial Use Analysis System (KONAS). Adapted from 2023 Annual report on antimicrobi-

al use in Korean hospitals [23].
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vidual institutions.

The data collected through KONAS not only provide indi-
vidual participating institutions with insights into antimicro-
bial usage patterns, but also facilitate the development of
national antimicrobial use reports. The inaugural nationwide
antimicrobial use report for Korea, published in 2023 [23],
analyzed antimicrobial usage across 26 participating insti-
tutions in 2021 for 2018-2019 and across 58 participating
institutions in 2022 for 2020-2021. This report offered a
comprehensive national overview of antimicrobial usage
trends in medical institutions for 2018-2021 [23]. In the fu-
ture, KONAS will release the results of regular national-level
analyses of antimicrobial usage, providing valuable insights
into antimicrobial usage trends [36].

While the HIRA claims data, which are the primary data
source for KONAS, have the significant advantage of includ-
ing prescription data from nearly all medical institutions in
Korea, they also have certain drawbacks. Discrepancies with
actual antimicrobial usage by medical institutions are a con-
cern. Non-insured prescriptions are not included in claims
data, and the drugs prescribed at the time of discharge are
classified as drugs prescribed to inpatients, leading to over-
estimation of the use of some drug classes. Additionally,
the timing of an insurance claim can impact the pattern of
monthly antimicrobial prescriptions [37]. Notably, there is
a temporal gap between data collection and distribution,
as data are typically compiled for review with a latency of
about 1.5-2 years, leading to delays in data availability [23].
To address these limitations, a program that allows easy

Ll External Benchmarking
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submission of long-term prescription data from individual
institutions to KONAS WRAP is needed, similar to practices
in the United States and Japan [38].

QUALITATIVE EVALUATION

Methods

Since the 2000s, several countries, including Korea, have
undertaken qualitative evaluations of antimicrobial pre-
scriptions, mainly involving assessment of the antimicrobial
prescription process based on specific indicators. However,
no international standardized criteria exist due to variations
in the incidence of major infectious diseases, antimicrobi-
al resistance rates, antimicrobial prescription patterns, and
healthcare utilization among countries. Differences also ex-
ist among countries conducting qualitative assessments in
terms of the infectious diseases evaluated, antibiotic types,
evaluation methods, and evaluation cycles.

Quialitative evaluations of antimicrobials are broadly cate-
gorized into two methods: the first combines antimicrobial
prescription variables into a single qualitative indicator, or
evaluates individual indicators, while the second and more,
comprehensive method assesses the appropriateness of
several antimicrobial prescription processes. The compre-
hensive method considers microbiological culture results,
antibiotic susceptibility results, and the physical condition of
patients, including underlying diseases and renal function,
allowing for the diagnosis of infectious diseases [39-41].

© Antimicrobial use

Total antibiotics

Mean 95% Lower Gl 95% Upper CI

My hospital 661.6

My hospital

All hospitals 7368 7152 758.4 All hospitals i
Similarbeds  721.3  685.2 757.4 Similar beds o
Similartype 8057 7929 8185  Similartype | I I Ok
Similar region 646.9  594.9 698.9 Similar region [ ] —+

0 200 400 600 800 1000

HO-BS antibiotics
Mean 95% Lower CI 95% Upper CI

My hospital 1116 107.2 116

My hospital |-

All hospitals ~ 114.6  110.2 119 All hospitals -
Similarbeds  113.7 107 1204 Similar beds -
Similartype  135.8  130.8 138.8 Similar type -
Similar region 116.1 106 126.2 Similar region —

0 20 40 6 80 100 120 140

Figure 2. Representative external benchmarking using the web-based Korea National Antimicrobial Use Analysis System analysis pro-

gram.
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In 2015, van den Bosch et al. [40] introduced nine pa-
tient-level and two medical institution-level indicators of the
quality of antimicrobial prescriptions in the Netherlands. Ad-
ditionally, the DRIVE-AB project in Europe presented 51 in-
dicators for inpatients, 34 for outpatients, and 22 for emer-
gency department patients [42-44]. In Korea, in 2019, a
systematic review and consensus among 25 ASP experts led
to the publication of 13 indicators for inpatients, 7 for out-
patients, and 5 for surgical prophylactic antibiotics. These
standardized metrics derived from a systematic evaluation
and expert consensus are useful for the assessment of anti-
microbial prescription quality [45] (Table 5).

Quiality indicators for the qualitative assessment of an-
timicrobial prescriptions assess individual components of
the antimicrobial prescription process and thus differ from
integrated assessments of antimicrobial prescribing exper-
tise. The integrated assessment encompasses the diagno-
sis of infectious diseases and the entire course of antibiotic
treatment, including the application of treatment guidelines
according to the specific infection, readjustment of antibi-
otics according to the microbiological diagnosis, changes
in antibiotics due to adverse drug reactions, and changes
in dosage and usage according to renal or liver function.
Based on the evaluation, antimicrobial prescriptions are cat-
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egorized as appropriate or inappropriate and supported or
unsupported [46,47] (Table 6).

The integrated assessment of antimicrobial prescriptions,
categorized as appropriate or inappropriate, is a crucial eval-
uation method. This approach allows for detailed analysis
of antimicrobial prescription patterns, enabling the identi-
fication of issues with prescriptions and the application of
targeted interventions.

However, conducting an expert-centered integrated
evaluation requires specialized medical knowledge and ex-
pertise in infectious diseases and antimicrobials, which de-
mands significant time and effort.

To effectively assess antimicrobial quality and manage
ASPs, it is essential to develop evaluation guidelines and
algorithms. This ensures the participation of physicians,
pharmacists, and nurses trained in ASPs alongside infectious
disease specialists. Additionally, implementing professional
development programs is essential [17]. For sustainable op-
eration of national-level antibiotic qualitative evaluations, it
is crucial to consider the strengths and limitations of using
standard indicators and expert-centered integrated evalu-
ations. Developing a standardized evaluation method that
achieves a balance between these aspects is essential.

Table 5. Quality indicators for the qualitative assessment of antimicrobial prescriptions in inpatient, outpatient, and emer-

gency rooms based on a consensus of Korean experts

Antibiotics for therapeutic purposes (inpatient/emergency department)

(1) Empirical antibiotic types are prescribed based on guidelines (institutional, domestic, or international).

(2) If the results of the culture test are available, appropriate antibiotics shall be administered accordingly.

(3) Before or immediately after the administration of antibiotics for therapeutic purposes, a culture test shall be performed with a sample

from the suspected infectious area.

(4) Two or more pairs of blood culture tests should be performed before administering antibiotics for therapeutic purposes.

(5) The dose or interval between antibiotics should be adjusted according to the renal function.

(6) The rationale and plan for the prescription of antibiotics is in the medical record.

Antibiotics for therapeutic purposes (outpatient)

(1) Empirical antibiotic types are prescribed based on guidelines (institutional, domestic, or international).

(2) If the results of the culture test are available, appropriate antibiotics shall be administered accordingly.

(3) The dose or interval between antibiotics should be adjusted according to the renal function.

Surgical prophylactic antibiotics

(1) Antibiotics for surgical prophylaxis shall be prescribed based on guidelines (institutional, domestic, and international).
(2) Antibiotics for prophylaxis should be administered within 1 hour before incision at the surgical site.
(3) Antibiotics for prophylaxis should be discontinued within 1 day after surgery.

The indicators can be used for cross-sectional surveys.
Adapted from Kim et al. [45] and Park et al. [61].
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Examples from other countries

The qualitative evaluation of antimicrobials commenced
in the 2000s, primarily in the United States, Australia, and
Europe. Evaluations have been carried out using methods
and systems tailored to individual countries.

In the United States, starting with a survey of the prev-
alence of HAIs across nine hospitals in Jacksonville, Florida
in 2009 [48], followed by use of the Marker Scan Hospital
Drug Database and CDC's Emerging Infections Program
data in 2010, 111 urinary tract infections (UTls) and 185
injectable vancomycin prescriptions were evaluated in terms
of antimicrobial quality to improve antimicrobial prescrip-
tions for hospitalized patients. In total, 110 of 296 cases
(37.2%) needed improvement [49]. Then, in 2011, the CDC
and Emerging Infections Program conducted a survey of an-

KJIM™

timicrobial prescriptions in acute hospitals in 10 US states
(California, Colorado, Connecticut, Georgia, Maryland,
Minnesota, New Mexico, New York, Oregon, and Tennes-
see), categorizing the prescriptions according to purpose
(e.g., to treat infectious diseases, community-acquired in-
fections, or HAIs) [50]. In 2015, 199 hospitals across 10
US states analyzed antibiotic prescriptions for therapeutic
antimicrobials and evaluated the quality of antimicrobials,
including injectable vancomycin and fluoroquinolone, for
community-acquired pneumonia (CAP) and UTls. This eval-
uation used standard indicators or relied on expert judg-
ment, and the data were collected and analyzed using an
antimicrobial quality assessment form covering UTIs, CAP,
resistant gram-negative organisms, and general antimicro-
bial use. Each of these four categories includes diagnosis,

Table 6. Definitions of appropriate therapeutic use and surgical antimicrobial prophylaxis according to experts

Category

Criteria

Therapeutic antibiotic use

1. An antibiotic plan should be documented in the electronic medical record at the start of systemic

2. Empirical systemic antibiotic therapy should be prescribed according to the guidelines prepared

3. If there is no guideline provided by the panels, empirical systemic antibiotic therapy should be
prescribed according to the local, national, and international guidelines.
4. The use of alternative antibiotics among the antibiotics suggested by the guidelines is considered

4. Empirical antibiotic therapy should be changed to pathogen-directed therapy if culture results become

Appropriate
antibiotic therapy.
through panel discussion.
appropriate.
available.

Inappropriate

1. Unnecessary use (e.g., antibiotic use in asymptomatic bacteriuria).

2. Unrecommended empirical antibiotic therapy by the local, national, and international guidelines.
3. Unnecessary combination therapy (e.g., double anaerobic coverage prescription).

Surgical prophylaxis

1. Surgical prophylaxis according to the local, national, and international guideline.

3) History of anaphylaxis or severe side effect with first recommended antibiotics

Appropriate
2. Alternative antibiotic use for surgical prophylaxis in the following cases.
1) Isolation of resistant organisms in the past
2) Known MRSA risk factors
Inappropriate 1. Unnecessary use.

2. Unrecommended use for no specific reason.

Medical prophylaxis
Appropriate
international guidelines.

Inappropriate 1. Unnecessary use.

1. Medical prophylaxis antibiotic use should be prescribed according to the local, national, and

2. Unrecommended use for no specific reason.

MRSA, methicillin-resistant Staphylococcus aureus.
Adapted from Park [61].
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empirical antibiotics, adjunctive non-antimicrobial therapy,
de-escalation, and appropriate treatment duration. The
data were collected in a standardized manner, and the
analysis did not rely on the judgments of infectious disease
experts. The evaluation results for antimicrobials were cat-
egorized as “supported” or “unsupported” rather than as
“appropriate” or “inappropriate/unnecessary” use [46]. To
qualify as a supported prescription, the following conditions
must be satisfied: antimicrobial treatment has been admin-
istered according to the patient’s diagnosis, the antibiotic
was selected according to guidelines or antibiotic suscep-
tibility data, and treatment duration was consistent with
guidelines (for severe or complicated infections, treatment
duration is not considered). Prescriptions were considered
unsupported if antibiotics were prescribed when bacterial
infection was not suspected due to an absence of symp-
toms or signs of infection or missing microbiological results;
if they differed from guidelines; or if the recommended
treatment period was exceeded. Of the 12,299 patients in
192 hospitals, 1,566 (12.7%) were included in the study,
including 219 with CAP, 452 with UTIs, 550 with fluoro-
quinolone prescriptions, and 403 with vancomycin prescrip-
tions. Prescriptions were considered unsupported in 55.9%
of all cases, 79.5% of CAP cases, 76.8% of UTls, 46.5%
of fluoroquinolone prescriptions, and 27.3% of vancomy-
cin prescriptions. Common reasons for prescriptions to be
considered unsupported were excessively long treatment
duration (59.2% of CAP cases) and no symptoms or signs
of infection (50.1% of UTls) [46].

A national-scale evaluation of antimicrobial quality was
conducted in the United States to determine the status of
antimicrobial prescriptions and propose goals for improve-
ment, while emphasizing the roles of the government, in-
dividual medical institutions, and medical professionals.
Since 2010, ASPs have been in operation at individual US
medical institutions, with the use of antibiotics reported
to the NHSN led by the CDC. Furthermore, the ASP team,
comprising physicians and pharmacists, conducts qualitative
evaluations of antimicrobial use based on the characteristics
of medical institutions and implements interventions based
on the results.

European Union/European Economic Area countries and
European Union candidate countries participated in a point
prevalence survey on HAIs and antimicrobial use led by the
European Center for Disease Prevention and Control. The
survey evaluated the status of antimicrobial use based on
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various indicators. Acute care hospitals were evaluated in
2011-2012 and 2016-2017 [51,52], whereas long-term
care facilities were evaluated in 2010, 2013, and 2016-
2017 [53-55]. In 2011-2012, the survey evaluated anti-
microbial prescriptions for 273,753 patients across 1,149
acute hospitals in 30 countries. The evaluation indicators
were the proportion of patients prescribed antimicrobials,
average number of antimicrobials administered per patient,
type of antimicrobials prescribed, prescription rate of inject-
able antimicrobials, proportion of complete medical records
with respect to antimicrobial use, proportion of infectious
diseases targeted for antimicrobial prescription, and rate of
prophylactic antibiotic use for > 24 hours [51]. The 2016~
2017 survey involved 1,735 acute hospitals in 27 countries
and investigated antimicrobial prescription de-escalation
(change from intravenous to oral) during the treatment pe-
riod. Data from long-term care facilities were investigated
to determine the proportion of patients prescribed antimi-
crobials, number of antimicrobials administered per patient,
administration route, purpose of antimicrobial prescription
and infected organ, type of antimicrobials prescribed, per-
formance rate of microbial culture tests, and types of micro-
organisms identified.

In Australia, the National Antimicrobial Prescribing Survey
(NAPS), administered by the National Centre for Antimicro-
bial Stewardship at the Melbourne Doherty Institute, col-
lects data for antimicrobial qualitative assessments. In 2010,
it started operating the Hospital NAPS as an offline tool to
prompt individual medical institutions to improve their anti-
microbial use patterns by benchmarking similar institutions.
Since 2013, it has additionally developed and implemented
the Aged Care NAPS, Quality Improvement NAPS, Surgical
NAPS, and Antifungal NAPS, which collect online data from
institutions for various drugs. The number of hospitals par-
ticipating in the Hospital NAPS increased from 76 in 2011 to
1511in 2013; as of 2020, 406 hospitals are participating. The
number of long-term care facilities participating in the Aged
Care NAPS increased from 186 in 2015 to 823 in 2019.

The Hospital NAPS is applicable to hospitalized patients
receiving antimicrobials not targeting specific diseases. The
Aged Care NAPS is applicable to patients with infectious
diseases suspected on the day of the survey and patients re-
ceiving antimicrobials. The Surgical NAPS evaluates periop-
erative antimicrobial use in patients undergoing incisional
or non-incisional surgical procedures, and the Antifungal
NAPS evaluates hospitalized patients receiving antifungal
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medications that do not target a specific disease [56-58].
The Hospital NAPS identified areas that must be prioritized
to address problems. The results showed that, according to
their particular characteristics, the participating medical in-
stitutions implement strategies to increase the adequacy of
antimicrobial use in accordance with the Antibiotic Stew-
ardship Group. The surveys promote access to treatment
guidelines and decision-making tools for specific infectious
diseases. They are conducted in collaboration with profes-
sional groups and societies to improve the adequacy of an-
timicrobial use for conditions characterized by low adequa-
¢y (e.g., CAP and chronic obstructive pulmonary disease).
Dedicated management guidelines have been developed
for antimicrobials with a high rate of inappropriate prescrip-
tions (e.g., amoxicillin-clavulanic acid), and efforts are being
made to develop strategies that can improve inappropriate
antimicrobial prescriptions through collaboration with re-
gional clinical experts.

In 2017, the WHO introduced the AWaRe classification as
part of the Model List of Essential Medicines (Table 1). The
WHO aims to keep < 60% of global antimicrobial use with-
in access groups. The purpose of this system is to provide
simple clinical guidelines for common infectious diseases,
empirical antimicrobial recommendations, and strategies for
avoiding antimicrobial use. The < 60% target includes high-
, middle-, and low-income countries and covers all medi-
cal institutions, including primary healthcare institutions.
The AWaRe book does not replace existing country- or re-
gion-level guidelines for antimicrobial prescriptions. Howev-
er, it provides basic guidelines to medical institutions cover-
ing topics not addressed by previous guidelines. It describes
19 and 18 infectious diseases relevant for primary care and
acute hospitals, respectively. For each major infectious dis-
ease, the following information is provided (in order): the
main message, WHO references, disease definition, patho-
physiology, epidemiology, most common causative bacte-
ria, clinical manifestations, related tests, imaging tests, and
antimicrobial recommendations. The WHO AWaRe book is
an essential toolkit for antimicrobial quality assessment in
low- and middle-income countries with limited workforces
and resources [19].

Examples from Korea

Since the early 2000s, various “administrative antimicrobi-
al stewardship” policies have been introduced in Korea to
encourage appropriate antimicrobial use and reduce anti-
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microbial prescription costs. Management policies include
“Separation of Dispensing and Prescribing in Medicine,”
evaluation of drug use, assessing the quality of health ser-
vices, and public reporting [59]. The Korean policy on Sep-
aration of Dispensing and Prescribing in Medicine aims to
distinguish the medication-prescribing responsibilities of
physicians and pharmacists. The primary objectives of this
policy are to optimize rational medication use, prevent med-
ication misuse or overuse, and reduce healthcare costs, in-
cluding those associated with antibiotics. In this system, phy-
sicians focus on diagnosing patients and prescribing suitable
medications, whereas pharmacists dispense the prescribed
medications. This separation of roles adds an extra layer of
scrutiny, ensuring patient safety and effective medication
management. Furthermore, HIRA has introduced a policy-
and administration-led antimicrobial management evalua-
tion system to review reimbursement claims for medicine
prescriptions, including antimicrobials [59]. Since 2001, the
rate of antimicrobial prescriptions for upper respiratory tract
infections in outpatients has been analyzed using the HIRA
system, and the results have been provided to each partic-
ipating medical institution [59]. In 2007, the adequacy of
antimicrobial use for perioperative prophylaxis was evaluat-
ed. Since 2014, administrative-led qualitative evaluation and
monitoring of antimicrobials has been conducted, including
evaluating the prescription rate of third-generation or high-
er cephalosporins and quinolones and assessing the anti-
microbial prescription rate for acute lower respiratory tract
infections in 2020 [59]. This administrative antimicrobial
management significantly reduced antimicrobial prescrip-
tions for upper respiratory tract infections between 2002
and 2013, as well as the duration of perioperative prophy-
lactic antimicrobials [60]. However, government-led claims
review-based antimicrobial management and individual
medical institution-based antimicrobial quality evaluations
were only effective during the evaluation period. Moreover,
errors such as exclusion from the analysis occurred due to
changes in disease names.

After establishing the “National Action Plan on Antimi-
crobial Resistance in Korea,” qualitative assessment of an-
timicrobials was needed. Therefore, the KDCA completed
a policy project, “Prevalence of Antimicrobial Use in Hos-
pital and Assessment of the Appropriateness of Antibiotic
Prescribing in Korea,” in 2018. Between 2019 and 2022, a
study evaluating the appropriateness of antibiotic prescrip-
tions in domestic medical institutions was conducted, and a
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roadmap for assessing the appropriateness of antibiotics at
the national level was developed (Strategies to Assess Anti-
biotic Use to Drive Improvements in Hospitals)".

In 2018, 20 medical institutions (10 tertiary general hos-
pitals, 9 general hospitals, and 1 long-term care hospital)
evaluated the quality of all antimicrobials prescribed on a
given day as appropriate or inappropriate based on expert
judgment [61]. In 2019, the participating hospitals were ex-
panded to include 75 medical institutions nationwide (37
tertiary general hospitals, 36 general hospitals, 1 hospital,
and 1 long-term care hospital). Instead of a comprehensive
survey, certain antimicrobials prescribed on a specific day
were selected through random sampling. Antimicrobial use
was categorized as optimal, adequate, suboptimal, or in-
adequate based on expert judgment. In 2020, a qualitative
evaluation of antimicrobials prescribed for UTIs was con-
ducted in 26 medical institutions nationwide [62]. In 2022, a
qualitative evaluation of antimicrobials prescribed for bacte-
remia was conducted in 27 medical institutions nationwide.
According to a national-scale evaluation of antimicrobials,
about 25% of antimicrobials were prescribed inappropriate-
ly in hospitals in Korea [48]. In addition, in 2021, a qualita-
tive evaluation of antimicrobials was conducted in 10 small-
and medium-sized hospitals with < 400 beds nationwide.
It was found that 34.2% of antimicrobials prescribed for
inpatients and 36.7% prescribed for inpatients in long-term
care hospitals were inappropriate [63].

In Korea, qualitative evaluations of antimicrobial use were
conducted at individual centers before the national-scale
evaluation. For example, in 2003, eight university hospitals
performed qualitative evaluations of injectable ciprofloxacin
use [64]. In 2007 and 2014, prophylactic antimicrobial use
during surgery was evaluated [60,65]. Additionally, in 2015,
studies evaluated inappropriate antimicrobial prescriptions
for asymptomatic bacteriuria [66]. In addition to the inte-
grated evaluation of antimicrobial quality based on expert
judgment, a qualitative evaluation of key aspects of antimi-
crobial prescriptions was also conducted, including a survey
on the applicability of therapeutic antimicrobial prescription
guidelines [67], an evaluation of the change from intrave-
nous to oral antimicrobials [68,69], an evaluation of the
adequacy of empirical selection of antimicrobials according
to the antimicrobial prescription guidelines in medical insti-
tutions [70], and an evaluation of duplicate prescriptions
of anti-anaerobic antimicrobials [71], led by pharmacists or
through collaboration between pharmacists and physicians
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CONCLUSIONS

Quantitative and qualitative evaluation of antimicrobials is
crucial for effectively implementing antimicrobial steward-
ship activities. In Korea, efforts are being made at both the
governmental and academic levels to establish such evalu-
ation programs. However, due to limitations in the work-
force and resources, individual institutions face significant
challenges in operating ASPs effectively. To successfully es-
tablish an ASP, specific strategies and long-term goals need
to be formulated, including training experts in ASP delivery
and infectious diseases, educating a diverse range of profes-
sionals (such as pharmacists and nurses) in the performance
of quantitative and qualitative assessments of antimicrobi-
als, and developing a national-level plan for the long-term
evaluation of antibiotics. Amid the global crisis of antimi-
crobial resistance, efforts aimed at appropriate antimicrobial
use are urgently needed. The achievement of antimicrobial
stewardship goals requires a combination of efficient poli-
cies, financial support from the government, and commit-
ment from the healthcare sector. Nationwide efforts are
needed at this crucial time.
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