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Abstract

BACKGROUND

The overuse and misuse of antimicrobials contribute significantly to antimicrobial
resistance (AMR), which is a global public health concern. India has particularly high
rates of AMR, posing a threat to effective treatment. The World Health Organization
(WHO) AWaRe classification system was inhﬁduced to address this issue and guide
appropriate antibiotic prescribing. However, there is a lack of studies examining the
prescribing patterns of antimicrobials using the AWaRe classification, especially in
North India. Therefore, this study aimed to assess the prescribing patterns of
antimicrobials using the WHO AWaRe classification in a tertiary care centre in North

India.

AIM
To study the prescribing patterns of antimicrobials using WHO AWaRe classification

through a cross-sectional study in All India Institute of Medical Sciences Rishikesh.

METHODS
A descriptive, cross-sectional study was conducted from July 2022 to August 2022 at a

tertiary care hospital. Prescriptions containing at least one antimicrobial were included
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in the study. Data on prescriptions, including patient demographics, departments, types
of antimicrobials prescribed, and duration of treatment, were collected. A
questionnaire-based survey was also conducted to assess the knowledge and practices

of prescribing doctors regarding the utility of AWaRe classification.

RESULTS

A total of 123 patients were included in the study, with antibiotic prescriptions being
written for all of them. Most prescriptions were for inpatients, evenly distributed
between Medicine (Internal medicine, Paediatrics, Dermatology) and Surgical
departments (General surgery and specialities, ear nose and throat, Ophthalmology,
Obstetrics and Gynaecology) metronidazole and ceftriaxone were the most prescribed
antibiotics. According to the AWaRe classification, 57.61% of antibiotics fell under the
Access category, 38.27% in Watch, and 4.11% in Reserve. The majority of Access
antibiotics were prescribed in the Medicine department, while Watch antibiotics were
more common in the Medicine department as well. The questionnaire survey showed
that only a third of participants were aware of the AWaRe classification, and there was

a lack of knowledge regarding AMR and the potential impact of AWaRe usage.

CONCLUSION

This study highlights the need for better antimicrobial prescribing practices and
increased awareness of the WHO AWaRe classification and AMR among healthcare
professionals. The findings indicate a high proportion of prescriptions falling under the
Access category, suggesting appropriate antibiotic selection. However, there is a
significant difference between the WHO Defined Daily Dose and the prescribed daily
dose in the analysed prescriptions suggesting overuse and underuse of antibiotics.
There is room for improvement and educational interventions and antimicrobial
stewardship programs should be implemented to enhance knowledge and adherence to

guidelines, ultimately contributing to the containment of AMR.
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INTRODUCTION

The discovery of antimicrobials is regarded as one of the most crucial advancements of
the 20th century. It is imperative to prescribe antimicrobials judiciously, emphasizing
their use in circumstances where they can offer significant advantages to patients with
maximum efficiency, all the while mitigating the potential for exacerbating
antimicrobial resistance (AMR)[!l. However, there is mounting evidence indicating that
the overuse and misuse of antimicrobials have become leading factors in the complex
causative web of AMRI2L. It poses a global public health problem, capable of spreading
and causing significant human and economic burdensPl. The situation in India is
particularly concerning, as the country experiences some of the highest rates of AMR
among bacteria commonly causing infections in both community and healthcare
settingsl4l.

It is imperative to address the emergence of Multi-drug resistant organisms (MDR),
which threata'l the progress made in medical advancements over the past century.
Conversely, in many parts of the world, there is not only overuse and misuse of
antimicrobials but also inadequate access. Pneumonia remains a leading cause of
childhood deaths globally, with over 2 million estimated deaths per year, primarily due
to limited access to antimicrobialsl5l. Thus, promoting access to these life-saving
medicines for those in need should also be a priority(!l.

Antimicrobial stewardship aims to bridge the gap between excessive and inadequate
antimicrobial usel®l. However, assessing the impat of antimicrobial stewardship
programs (ASPs) has proven challenging, as the commonly used metrics, such as
defined daily doses (DDD) per 1000 inhabitants per day and days of therapy, provide
limited information about the quality of antibiotic usel’l. The existing defined daily dose
method used in adult antibiotic surveillance is unsuitable for neonates and children due

to their widely variable bodyweights!Sl.
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To address these issues, the World Health Organization (WHO) updated its Model List
of Essential Medicines in 2017, introducing the Access, Watch, Reserve (AWaRe)
classification systeml’l. The AWaRe system categorizes antimicrobials based on their
appropriateness, safety, and potential impact on AMR. The Access group includes
antibiotics of choice for the 25 most common infections, with favourable safety profiles
and a low likelihood of exacerbating AMR. These antimicrobials should be consistently
available, affordable, and quality-assured. The Watch group comprises critically
important antimicrobials that require strict monitoring and limited use due to their
higher potential for negatively impacting AMR. The Reserve group includes last-resort
antimicrobials effective against MDR bacteria, and their use should be minimized as
they represent a valuable, non-renewable resource. The fourth category is of the
iscouraged antimicrobials which mostly includes antimicrobial combinations. Some
fixed dose combinations of antibiotics, do not have any reasonable indications for the
treatment of infectious diseases in humans and may negatively impact AMR and
patient safetylll. The AWaRe syaem is also represented as a traffic-light approach:
Access = green, Watch = orange and Reserve = red. The overall goal was to reduce the
use of Watch Group and Reserve Group, and to increase the use of Access antibiotics to
>60% by 202301,
Unlike previous measures of antibiotic consumption, the AWaRe classification allows
for the quantification of antibiotic use in each category, providiﬁ insights into the
overall quality of antibiotic use within a countryl®l. For instance, A 10-Year Study on
urinary tract infections, their Epidemiology and Antibiotic Resistance Based on the
WHO Access, Watch, Reserve (AWaRe) Classification was donel!?l. Therefore, the WHO
AWaRe categories can serve as a valuable tool for monitoring antibiotic consumption
and optimizing antibiotic use, complementing antibiotic stewardship efforts at the
national level.
Given the ongoing struggle to identify appropriate measures for hospitals and their
antimicrobial stewardship programs, this study aims to audit antimicrobial

prescriptions and compare the utility of the AWaRe classification with other process
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measurements of antimicrobial utilization. Additionally, the study seeks to assess the
knowledge and attitudes of prescribing physicians regarding AMR and the AWaRe
classification. This study is particularly important in the context of North India, where
the burden of resistance is increasing, and limited research has been conducted in this
region. Furthermore, the study aims to examine the prescribing practices of antibiotics
in a tertiary care center and compare them with the WHO Defined Daily Dosage to

determine whether common antibiotics are being under or over-dosed.

MATERIALS AND METHODS

Study design: Cross sectional study conducted on patient’s prescriptions of various
departments in a tertiary care hospital from July 2022 to August 2022.
Setting: This study was carried out in a tertiary care centre in North India after
approval by the Institutional Ethics Committee (All India Institute of Medical Sciences,
Rishikesh, India (Reference number -AIIMS/IEC/22/252)).
Study population: Consenting treating physicians (faculty, junior and senior residents)
and their prescriptions having at least one antimicrobial were studied. Universal
sampling was used to select prescriptions for a duration of 2 mo.
Inclusion criteria:

Prescriptions containing at least one antimicrobial in both outpatient and inpatient
settings.

Same prescribed physicians

Exclusion criteria:

Treating physician not giving consent
Observations: After obtaining an informed consent from the prescribing doctor, a
questionnaire about their knowledge and practices on AWaRe classification was asked
by online or offline modes. The questionnaire was self-structured after searching
medical literature for comparable studies and adapting questions designed in other
physicians’ surveys previously carried out!l, The questionnaire comprised of two set

of questions one for the assessment on of knowledge and the other part for the attitude
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of the physicians about AMR and AWaRe classification. Pre-validation of questionnaire
for its contents and relevance was done by experts (one clinician, one pharmacologist,
one biostatistician). Data on prescriptions, including patient demographics,
departments, types of antimicrobials prescribed, and duration of treatment, were
collected.

Comparator: The relevance of antimicrobial prescriptions was checked by measuring
appropriateness (right drug, right dose and right duration) according to WHO
guidelines, Infectious Disease Society of America (IDSA) guidelines and disease specific
guidelines if needed. Simultaneously sub-group comparison on AWaRE classification
was also performed.

Outcome: Proportion of prescribed antimicrobials based on AWaRe classification was
calculated. Then the knowledge and practices of prescribing doctor about the utility of
AWaRe was determined. The appropriateness of AWaRe classification with days of
therapy and defined daily doses of antimicrobial utilization was also estimated.
Statistical analysis: Data was collected on predefined proforma, google form, and excel
sheet (Microsoft excel spreadsheet software, officel’l and analysed by estimating the
proportion of various variables including antimicrobial utilisations as per AWaRe
classification. Univariate analysis was performed and the data was arranged as
percentages of total. Mean daily dosing for a particular antimicrobial was determined
and compared with WHO Defined Daily Dosage (DDD) using the Students T test. P

value less than 0.05 was considered statistical significant.

RESULTS

As depicted in Table 1, in this study, a total of n = 123 patients were included, and each
of them received antibiotic prescriptions. Most of the prescriptions were written for
inpatients (75.4%) and both the Medicine and Surgical departments were represented
equally with 49.6% and 50.4% respectively. Among the healthcare professionals who
prescribed antibiotics, 72% were Junior Residents, 18.7% were Senior Residents, and

9.3% were Consultants.
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The prescriptions included 27 different antibiotics, with metronidazole being the most
prescribed (19%) followed by ceftriaxone (17%). The mean number of antibiotics used
per patient was 1.84 + 0.83. The mean duration of antibiotics prescribed was 6.63 + 3.83
days. The maximum number of antibiotics prescribed per patient was five. According to
the AWaRe classification, 57.61% of antibiotics fell under the Access, 38.27% in Watch,
and 4.11% in Reserve categories, suggesting appropriate antibiotic selection according
to these criteria. The distribution of antibiotics prescribed according to the WHO
AWaRe categories is presented in Fig 2. The difference in prescribing frequencies
amongst departments and can be noted Most of the antibiotics prescribed in the Access
category were from the Medicine department (75.4%), followed by Surgery (24.6%). For
Watch antibiotics, Medicine had a higher proportion (63.4%) compared to Surgery
(36.6%). In terms of seniority, Junior Residents prescribed the highest number of
antibiotics for both Access and Watch categories in Medicine and Surgery departments.
Senior residents and Consultants prescribed a lower number of antibiotics in all
categories and departments. Only a few antibiotics were prescribed in the Reserve
category, with most prescriptions being from the Medicine department.

The study also evaluated the Knowledge and Awareness of Healthcare professionals
towards the WHO AWaRe classification through a questionnaire survey. A total of 93
participants responded to the survey. Among them, most participants were Junior
Residents (69.9%), followed by Senior Residents (25.8%) and Faculty (4.3%). When
enquired if they knew about the WHO AWaRe classification only 33.3% of the
participants responded positively. Of those who were aware of the AWaRe
classification, the most common source of information was the internet (31.2%),
followed by the antimicrobial policy of their institution (15.1%).

The survey results on the awareness of AMR among healthcare professionals are also
presented in Table 2. Out of the 93 participants, 68 (73.1%) agreed that the emergence of
AMR is inevitable, while only 13 (14.0%) disagreed that AWaRe usage will result in the

inability to treat serious infections. Additionally, 58 (62.4%) agreed that it will lead to

7/ 14




lengthier hospital stays, 43 (46.2%) agreed that the success of chemotherapy and major
surgery will be hampered, and the majority also agreed that Its use will lead to
increased cost of treatment and increased mortality rates. Regarding the utilization of
AWaRe in the hospital summarized in Table 3, 35.5% of the participants agreed that it
should be used, while only 2.2% disagreed. Additionally, 34.4% agreed that AWaRe
reduces adverse effects of inappropriate prescription. However, 37.6% of the
participants considered that AWaRe threatens a clinician's autonomy and 30.1%

thought that its use can delay treatment.

Additionally, the DDD of each drug was also evaluated. The usage of various
antimicrobial drugs in a hospital setting, along with their daily doses and DDD
according to the WHO's Anatomical Therapeutic Chemical (ATC) classification system
was calculated. Some of the important findings include high usage rates of ceftriaxone
and metronidazole, and relatively low usage rates of drugs like colistin and
clindamycin. Additionally, some drugs had wider ranges than others. Comparison of
WHO defined DDD with Daily Drug dose (Mean) in the studied prescriptions is
represented in the Clustered Bar chart in Fig 3.

Finally, the Mean Daily Drug Dose for prescribed drugs was compared with WHO
defined DDD for each drug using a Student’s T test. The mean daily drug dose of
Amoxy/Clav was significantly higher than the WHO DDD (1.8 vs_1.50, P = 0.014),
while the mean daily drug dose of metronidazole and doxycycline were significantly
lower than the WHO DDD (p<0.001 and P = 0.008, respectively). The mean daily drug
dose of piperacillin / tazobactam, amikacin, clindamycin, and levofloxacin did not

show significant differences compared to the WHO DDD (p>0.05).

DISCUSSION
The findings of this study highlight several important issues related to antimicrobial
prescribing practices and awareness among healthcare professionals. This study,

conducted in a tertiary care institute in North India included prescriptions having at
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least one antibiotic in both inpatient (75.4%) and outpatient (24.6%) settings collected
over a duration of 2 mo by universal sampling. A total of 123 patient prescriptions were
included which included 243 individual antibiotics. The mean number of antibiotics
used per patient was 1.84 + 0.83 which coincides with a study conducted in_Brazil (9)
with a mean of 2.4 antibiotics per patient. This finding is in line with the WHO
prescribing indicators which state that each prescription should contain an average of
1.6-1.8 antibiotics (7). The use of multiple antibiotics can increase the risk of adverse
effects, drug interactions, and development of AMR. The mean duration of antibiotics
prescribed was 6.63 + 3.83 days. A study conducted in a tertiary care hospital in India
reported a mean duration of 5.7 + 3.1 days (12), while another in Ethiopia reported a
mean duration of 10.2 days (13). These variations could be attributed to differences in
patient demographics, disease prevalence, prescribing habits, and hospital policies.

In the present study, prescriptions included 27 different antibiotics of which
Metronidazole was the most prescribed antibiotic, which could be due to its activity
against anaerobic bacteria, which are commonly implicated_in infections of the
gastrointestinal tract, genitourinary tract, and skin. It is prescribed mostly in
combination with amoxicillin in obstetrics and gynaecological care (mainly in post-
delivery prophylaxis), and occasionally in caesarean section. Similar results were found
study at Ghana Police Hospital (11,12). This was followed by Ceftriaxone, a third-
generation cephalosporin from the Watch group. The high proportion of cephalosporins
in the prescriptions is consistent with the WHO analysis of South-East Asian countries
which also found a very high level of consumption of the same in all states in India (15).
The WHO AWaRe classification system was used to analyse the antibiotics prescribed
in this study, an&the results showed that most antibiotics fell under the Access (57.61%)
category. These antibiotics have a narrow spectrum of activity, lower cost, a good safety
profile and generally low resistance potential and should be widely available and
affordable. While this is a positive finding, it is also important to note that a significant
proportion of antibiotics prescribed were from the Watch category (38.27%), which

includes antibiotics that are at risk of becoming ineffective due to overuse and misuse.
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The small percentage of antibiotics prescribed in the Reserve category (4.11%) is
reassuring, as these antibiotics are resa'ved for use as a last resort and should only be
used in highly specific circumstances. The overall prescribing of antibiotics in our study
is lower than the WHO recommendations, which state that more than 60% of all
prescribed antibiotics must be from the Access group by 2023. Figures in our study are
consistent with another Indian study which had Access (53.31%), Watch (40.09%) from,
and Reserve (3.40%) category (16), and study done in Zambia with (n = 384) which had
Access (55.5%), Watch (43.1%) and Reserve (1.4%) (7). Our findings differ from another
study in India (17) in which Watch group antibiotics accounted for 53.19 % of the total
antibiotics and a Bangladesh study in which 64.0% of the patients were treated with
antibiotics from the Watch group, 35.6% were treated with antibiotics from the Access
group, and only 0.1% were treated with antibiotics from the Reserve group. The higher
proportion of Access category antibiotics prescribed in our study could be attributed to
the fact that these antibiotics are commonly used for the treatment of common
infections encountered in the hospital, such as urinary tract infections, respiratory tract
infections, and skin and soft tissue infections. The low proportion of Reserve category
antibiotics prescribed in our study is consistent with the recommended sparing use of
these antibiotics by WHO and other guidelines, which recommend their use only as a
last resort in the treatment of severe infections (18). In terms of departments and
designations, our study found that the Medicine department prescribed the majority of
antibiotics in both the Access and Watch categories, followed by the Surgery
department. This finding is consistent with previous studies conducted in India and
other low- and middle-income countries, where the Medicine department was found to
be the highest prescriber of antibiotics (19).

To assess knowledge and attitude of prescribing doctor about the utility of AWaRe a
Questionnaire based survey was carried out. Although (73.1%) agreed that the
emergence of AMR is inevitable the lack of awareness about the programmes and
measures being taken to curb it is concerning. In contrast to this study, a study

conducted in the United States found that healthcare professionals had a high level of
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knowledge about AMR and the appropriate use of antibiotics (20). This difference could
be attributed to variations in healthcare systems and education programs in different
countries. Moreover, in a study conducted in Germany, the majority of physicians
agreed that the rational use of antibiotics is important for the prevention of AMR (21).
Despite the WHO AWaRe classification being included in the antibiotic policy of our
institution only 33.3% of the responders knew about it which shines a light on the gap
between the measures being taken and their implementation. The institute antibiotic
policy authorises only the Senior Residents and Consultants to prescribe antibiotics
from watch and reserve groups but in this study Junior Residents prescribed the highest
number of antibiotics for both Access and Watch categories which coincides with
previous studies conducted in India and other countries. In a study conducted in a
tertiary care hospital in India, junior residents prescribed the majority (68.7%) of
antibiotics (19). The higher proportion of antibiotics prescribed by Junior Residents in
our study could be attributed to their relatively higher workload and less clinical
experience compared to Senior Residents and Consultants. Overall, the findings of this
study suggest that there is a moderate level of awareness among healthcare
professionals about AMR, there is a need for further education and awareness
programs to ensure the appropriate use of antibiotics in the hospital setting. It must be
noted that most of the responders of the survey were also Junior Residents and hence
education programmes can hence play a vital role in improving the results by working
at grassroot levels.

Another analysis of the study depicts that there is a significant difference between the
WHO DDD and the prescribed daily dose in the analysed prescriptions. Several studies
conducted in the West have compared the mean daily drug dose of prescribed drugs
with the WHO defined DDD. In a study conducted in a hospital in Italy found that the
mean daily dose of antibiotics was generally lower than the WHO DDD for most
antibiotics (22). These findings are similar to the present study, which found higher
mean daily doses of amoxicillin/clavulanic acid and piperacillin/tazobactam, and a

lower mean daily dose of levofloxacin. The WHO DDD is a standardized measure of
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drug consumption used toaompare the drug consumption between different countries
and regions. It represents the assumed average maintenance dose per day for a drug
used for its main indication in adults. On the other hand, the prescribed daily dose
refers to the actual dose that a physician prescribes to a patient.

The difference between the WHO DDD and the prescribed daily dose can have several
implications. Firstly, it can lead to overuse or underuse of medications, which can affect
the therapeutic outcomes of patients. For example, if the prescribed daily dose is lower
than the WHO DDD, the patient may not receive the optimal therapeutic effect of the
medication. Conversely, if the prescribed daily dose is higher than the WHO DDD, the
patient may be at risk of adverse effects or toxicity. Secondly, the difference between the
WHO DDD and the prescribed daily dose can affect the comparability of drug
consumption data between different regions and countries. If different regions or
countries use different prescribed daily doses, it can be difficult to compare their drug
consumption patterns. Therefore, adherence to the WHO DDD is important to ensure
that drug consumption data are standardized and comparable across different regions
and countries. In conclusion, the difference between the WHO DDD and the prescribed
daily dose is an important issue that needs to be addressed in the prescribing practices
of physicians. Adherence to the WHO DDD can help to ensure optimal therapeutic
outcomes for patients and comparability of drug consumption data between different
regions and countries.

Overall, the findings of this study emphasize the importance of improving
antimicrobial prescribing practices and increasing awareness among healthcare
professionals regarding the WHO AWaRe classification system and the threat of AMR.
Effective antimicrobial stewardship programs that promote appropriate antibiotic use
can help reduce the risk of AMR and improve patient outcomes. Future research should
focus on implementing such programs in hospital settings and evaluating their

effectiveness in reducing inappropriate prescribing practices.

CONCLUSION
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This research indicates an appropriate proportion of prescriptions falling under the
Access category (57.61%), suggesting appropriate antibiotic selection, a significant
proportion also belongs to the Watch category (38.27%), emphasizing the need for
greater caution to prevent the escalation of AMR. There is a moderate level of
awareness among healthcare professionals about AMR and the steps being taken to
tackle it, highlighting the gap in implementation of policies and need for more steps to
be taken in spreading the knowledge about the subject. However, there is a significant
difference between the WHO DDD and the prescribed daily dose in the analysed

prescriptions suggesting overuse and underuse of antibiotics.

ARTICLE HIGHLIGHTS

Research background

India has particularly high rates of AMR, posing a threat to effective treatment. The
WHO AWaRe classification system was intrﬁuced to address this issue and guide
appropriate antibiotic prescribing. However, there is a lack of studies examining the
prescribing patterns of antimicrobials using the AWaRe classification, especially in

North India.

Research motivation
This study aimed to assess the prescribing patterns of antimicrobials using the WHO

AWaRe classification in a tertiary care centre in North India.

Research objectives

1. To audit the prescribing patterns of antimicrobials among clinicians using WHO's
AWaRe classification in a tertiary care centre

2. To assess knowledge and practices of prescribing doctor about the utility of AWaRe
by Questionnaire based assessment

3. To compare the appropriateness of AWaRe classification with days of therapy and

defined daily doses of antimicrobial utilization
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Research methods

A descriptive, cross-sectional study was conducted from July 2022 to August 2022 at a
tertiary care hospital. Prescriptions containing at least one antimicrobial were included
in the study. A questionnaire-based survey was also conducted to assess the knowledge

and practices of prescribing doctors regarding the utility of AWaRe classification.

Research results

A total of 123 patients were included in the study, with antibiotic prescriptions being
written for all of them. Most prescriptions were for inpatients, metronidazole and
ceftriaxone were the most prescribed antibiotics. According to the AWaRe classification,
57.61% of antibiotics fell under the Access category, 38.27% in Watch, and 4.11% in
Reserve. The questionnaire survey showed that only a third of participants were aware
of the AWaRe classification, and there was a lack of knowledge regarding AMR and the

potential impact of AWaRe usage.

Research conclusions
This study highlights the need for better antimicrobial prescribing practices and
increased awareness of the WHO AWaRe classification and AMR among healthcare

professionals.

Research perspectives

The findings indicate a high proportion of prescriptions falling under the Access
category, suggesting appropriate antibiotic selection. There is room for improvement
and educational interventions and antimicrobial stewardship programs should be
implemented to enhance knowledge and adherence to guidelines, ultimately

contributing to the containment of AMR.
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