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Abstract
Antimicrobial stewardship (AMS) and appropriate infection prevention practices are essential to 
decrease the rising trend of antimicrobial resistance (AMR). Good antimicrobial prescribing habits 
formed early in the medical career can make a paradigm shift in combating the menace of AMR. Scarce 
data is available about the knowledge and perceptions of Indian undergraduates on AMS. This study was 
planned to analyse the knowledge, attitude and perceptions (KAP) of Indian medical undergraduates on 
rational antimicrobial prescribing, so that the lacunae in the training curriculum can be identified and 
addressed effectively. A cross-sectional questionnaire-based survey was carried out, on the pre-final 
and final year medical students (6th to 9th semester) from six medical colleges across different states of 
India. A scoring system was used to rate the knowledge, attitude and perceptions of the respondents 
as poor, average, or good. A total of 1505 students (83.61%) participated in the survey. Majority of 
the students (81.7%) from all medical colleges favoured more education on antimicrobials and to 
incorporate AMS in the undergraduate curriculum through integrated teaching. The results showed 
that overall, 70.9% students had a “good” score for knowledge on antimicrobial use, whereas only 55% 
scored “good” for being confident in rational antimicrobial prescribing. Surprisingly, only 56.5% correct 
responses for knowledge on selection of broad-spectrum antibiotics over narrow-spectrum antibiotics 
were recorded in our study. Most of the students (79.9%) were conscious that irrational prescribing 
can result to AMR. On the other hand, 54.9% students believed that the supply of new antimicrobials 
would take care of AMR eventually. 78.1% of our students believed that they were confident in making 
the right diagnosis of infection, whereas, 63.7% of respondents believed that they were not confident 
in identifying the clinical scenarios where antibiotics are not required. Significant association (p<0.05) 
was seen for both “good” knowledge and perception scores with the higher academic semesters 
reflecting more clinical exposure in later in course semesters. The study has highlighted the areas of 
clinical weakness and dilemma regarding prescription of antimicrobials. Efforts to address these issues 
on basic principles of antimicrobial stewardship, is critical for laying the foundation of successful AMS 
program and contributing in overcoming the antimicrobial resistance. The study recommends targeted 
training, articulating fine details of prescribing antimicrobials with real time case scenarios through 
a multi-disciplinary approach. The Indian undergraduate medical curriculum needs to incorporate 
early well-structured training on AMS by integrating pharmacology and microbiology teaching with 
the clinical subjects to ensure appropriate antibiotic prescribing practices by the future prescribers.
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iNtRODUCtiON
 Antimicrobial agents are precious and 
different from other drugs due to their finite 
resources. Indiscriminate antimicrobial use has 
led to a global crisis of AMR. While the spread 
of multidrug resistant organisms (MDRO) is 
rampant, the pipeline for the development of 
new antimicrobials is dry. The only solution 
to combat the emergence of resistance is 
promotion of rational use of antimicrobials. 
International and national authorities have 
recommended implementation of multifaceted 
strategies promoting judicious and evidence 
based antimicrobial use, to control the spread of 
AMR.1,2 The World Health Organization states that 
education and training of healthcare professionals 
and medical students involved in antimicrobial 
prescribing is critical in fighting AMR.3,4

 AMS is defined as “the optimal selection, 
dosage, and duration of antimicrobial treatment 
that results in the best clinical outcome for the 
treatment or prevention of infection, with minimal 
toxicity to the patient and minimal impact on 
subsequent resistance”.5 Traditionally, focus on 
AMS interventions is laid during clinical practice, 
after the completion of medical training, which has 
proved to be ineffective as the prescribing habits 
have already been developed.6-8 Various studies 
on undergraduate students have reported the 
requirement of further antimicrobial education 
during clinical training.9,10 AMS programs across 
the world have been developed to modify 
perceptions and behaviours of physicians during 
residency training or afterwards.11-13 However, 
education as well as training on AMS is likely to be 
more successful when started early in the medical 



  www.microbiologyjournal.org1051Journal of Pure and Applied Microbiology

Chakravarty et al. | J Pure Appl Microbiol | 16(2):1049-1059 | June 2022 | https://doi.org/10.22207/JPAM.16.2.29

Questionnaire and Participation
 The self-administered questionnaire was 
developed after literature review of comparable 
studies to assess the knowledge, attitude and 
perceptions on rational antimicrobial prescribing 
both quantitatively (multiple choice questions/ 
categorical data) and qualitatively (one word answer 
questions). The questionnaire was developed by 
a multidisciplinary team of investigators including 
infectious disease physician, pharmacologist, 
microbiologist, paediatrician and research 
methodologist. The questionnaire was pilot tested 
among 50 medical students of one of the medical 
colleges for readability, relevance and content 
validity. The reliability of the questionnaire was 
measured by the test-retest method (Cronbach’s 
co-efficient alpha 0.75)
 The first section with 12 questions 
assessed the knowledge of the respondents about 
the antimicrobial use. The second section with 8 
questions assessed the attitude of the students 
towards AMS. The third section comprising of 12 
questions was an assessment of the perception of 
students regarding their skills acquired for rational 
antimicrobial prescribing. 
 The questionnaire was distributed and 
collected by the faculty members. Before the 
distribution the aim and significance of the study 
were conveyed to the students. The participants 
were given 35 minutes to answer. Each respondent 
answered the questionnaire independently 
without using any reference material. Participation 
was voluntary and responses were anonymous. No 
incentives were offered.
Data Analysis and Scoring
 Section 1: in questions 2-11 the options 
“always” and “sometimes” were marked as 
“correct” while the options “never” and “I am 
not sure” were marked as “incorrect”. In the same 
section in question 1a and 1b the options “never” 
and “depending on clinical/laboratory findings” 
are marked “correct” while “always” and “I am not 
sure” are marked as “incorrect” answer. Section 
2: in the Likert chart analysis the options “strongly 
disagree” and “disagree” were taken together as 
“disagree” and the options “agree” and “strongly 
agree” were taken together “agree”. Section 3: the 
answer “yes” was marked as “confident” and the 
answers “no” and “I am not sure” were marked as 
“non-confident”. 

education. This is the time when knowledge, 
attitude and perceptions of future practitioners are 
being shaped. It is critical for academia to update 
the undergraduate medical curriculum with special 
focus on good antimicrobial prescribing practices, 
following the basic principles of microbiology, 
infectious diseases and clinical pharmacology.
 Several studies have been conducted 
on the knowledge, attitude and perception 
about antimicrobial prescription among medical 
students.14-16 However, only few studies have 
assessed the perceptions on AMS education and 
status of AMS among the Indian undergraduates. 
There is an urgent need to create awareness on 
emergence of MDRO and significance of rational 
antimicrobial prescribing and modifying the Indian 
undergraduate teaching system appropriately. This 
study is an attempt to generate multicentre data 
from various Indian medical colleges on medical 
student’s knowledge, attitude and perceptions 
regarding AMS, so that the lacunae in the training 
curriculum can be identified and addressed 
effectively. The survey aims to serve as a landmark 
reference, highlighting the need to revise the 
Indian medical curriculum, keeping at par with 
the evolving international standards. The study 
also aims to authenticate the need to integrate 
clinical based teaching on AMS with microbiology 
and pharmacology in order to inculcate rational 
antimicrobial prescribing practices among the 
future doctors. 

MAteRiAls AND MethODs
Study Design, Population and Site
 This was a cross-sectional multicentre 
questionnaire-based survey conducted among 
the Indian medical undergraduates, during May-
June, 2019. The study population were the medical 
students of pre-final (6th, 7th semesters) and final 
(8th, 9th semesters) year, who have already been 
taught the pharmacology of antimicrobials as well 
as their microbiological aspect. The participants 
belonged to six medical colleges across six different 
states of India viz. Delhi, Haryana, Uttar Pradesh, 
Telangana, West Bengal and Assam, with three 
public and three private institutions, to capture 
diverse data involving different regions. The 
Hamdard Institute of Medical Sciences & Research 
Centre served as the coordinating centre for the 
study.
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 Scoring of responses on knowledge 
(section 1) and perceptions of rational antimicrobial 
prescribing (section 3) was done and categorized 
as poor, average or good. Section 1: a score of 1 
was given to “correct” answers and 0 to “incorrect” 
answers. Section 3: a score of 1 was given to 
“confident” and 0 to “non-confident”. For both 
the sections a maximum score of 12 was obtained 
and a score of > 8 was considered as “good”. The 
questionnaire used and the datasets generated are 
available on request, however, the questions of the 
3 sections are reflected in chronological order in 
the 3 graphical figures respectively.
Statistical Analysis
 The data was analyzed in the Statistical 
Package for Scientific Solutions (SPSS) version 
23.0. Simple descriptive statistics was used to 
generate frequencies, percentage and proportions. 
Categorical data were expressed as proportions 
and continuous data were expressed as mean 
+ standard deviation. The nonparametric test 
(Wilcoxon-Mann-Whitney U test) were used 

to assess differences between groups and 
correlations between variables. Chi-squared test 
was used to explore the association between 
categorical data. P-value <0.05 was considered 
statistically significant.

ResUlts
 A total of 1505 students from 6 medical 
colleges participated in the survey which 
corresponds to a response rate of 83.61% 
(1505/1800). The median age of the respondents 
was 22 years (interquartile range IQR 20-23 years) 
and 792 (52.6%) of the participants were males. 
Overall, 782 participants (52.0%) belonged to the 
pre-final year of MBBS and 723 (48%) from the final 
year. The percentage participation from different 
semesters was 25.3% for 6th semester, 15.9% for 
7th semester, 21.2% for 8th semester and 11% for 
9th semester. Participation from government 
and private institutions was 545 (36.2%) and 960 
(63.8%) students respectively. Majority of the 
students desired to further pursue their career 

Fig. 1. Knowledge of antimicrobial use.
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Fig. 2. Attitude towards antimicrobial stewardship.

Table 1. Demographic details of participants

Basic Details No. (Percentage)

Total number 1505
Age            22 years (IQR 20-
 23 years)
Gender 
   Male 713 (47.4)
   Female 792 (52.6)
Semester
   6th 379 (25.2)
   7th 239 (15.9)
   8th 319 (21.2)
   9th 165 (11.0)
MBBS Semester
   5th-6th (Pre-final) Semester 782 (52.0)
   8th-9th (Final) Semester 723 (48.0)
State representation
   West Bengal 246 (16.3)
   Haryana 149 (9.9)
   Assam 150 (10.0)
   Delhi  125 (8.3)
   Telangana  532 (35.3)
   Uttar Pradesh  303 (20.1)
Type Of College
   Public 545 (36.2%)
   Private 960 (63.8%)

either in surgery (19.3%) or medicine (16.3%). 
The percentage participation from different states 
was 35.3% for Telangana, 20.1% for Uttar Pradesh, 
16.3% for West Bengal, 10% for Assam, 9.9% for 
Haryana and 8.3% for Delhi (Table 1).
Analysis of knowledge of antimicrobial use (Fig. 1)
 In section 1 of the questionnaire, 88.4% 
of the participants answered correctly regarding 
prescription of too many broad-spectrum 
antibiotics being the major cause of antimicrobial 
resistance. Knowledge on hand hygiene practices 
for prevention of infections was observed in 63.7% 
students, whereas 72.6% students acknowledged 
that excessive use of antibiotics in livestock also 
leads to antimicrobial resistance. However, in the 
questions assessing the knowledge of prescribing 
broad-spectrum antibiotics over narrow spectrum 
antibiotics, correct results varied between 46.8% 
to 58.5% among the different colleges. The fact 
that antibiotics have no role in viral infections was 
known to 76.1% of students. 82% respondents 
realised that prescribing prolonged empirical 
antimicrobial therapy without clear symptoms 
of infection leads to antimicrobial resistance. 
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Table 2. Factors associated with good knowledge and good perception scores
    
Factors Good Knowledge  Good Perception
 (n = 1067) p-value (n = 827) p-value

Age (Years) 22.01 ± 1.56 <0.0011 22.10 ± 1.55 <0.0011

Gender*  0.5322   0.0092

   Male 511 (71.7%)  417 (58.5%) 
   Female 556 (70.2%)  410 (51.8%) 
Semester*  <0.0012  <0.0012

   4th 175 (54.0%)  119 (36.7%) 
   5th 56 (70.9%)  29 (36.7%) 
   6th 281 (74.1%)  198 (52.2%) 
   7th 221 (92.5%)  200 (83.7%) 
   8th 210 (65.8%)  194 (60.8%) 
   9th 124 (75.2%)  87 (52.7%) 
MBBS Semester*  <0.0012   <0.0012

   4th-6th (Pre-final) Semester 512 (65.5%)  346 (44.2%) 
   7th-9th Semester (final) 555 (76.8%)  481 (66.5%) 
State representation*  <0.0012   <0.0012

  West Bengal  193 (78.5%)  90 (36.6%) 
  Haryana  111 (74.5%)  92 (61.7%) 
  Assam 90 (60.0%)  63 (42.0%) 
  Delhi  93 (74.4%)  95 (76.0%) 
  Telangana  308 (57.9%)  240 (45.1%) 
  Uttar Pradesh 272 (89.8%)  247 (81.5%) 
Type Of College*  0.3692   <0.0012

   Government 151 (27.7%)  245 (45.0%) 
   Private 287 (29.9%)  582 (60.6%)
 
*Significant at p<0.05, 1: Wilcoxon-Mann-Whitney U Test, 2: Chi-Squared Test.

90.8% students responded correctly that the most 
common cause of fever and upper respiratory 
symptoms in children were due to viral illness 
and did not require antibiotics. Whereas, 76.1% 
students knew that diarrheal infections were self-
limiting with no antibiotic requirements.
Analysis of attitude towards antimicrobial 
stewardship (Fig. 2)
 Results of section 2 revealed that 74% 
of the students acknowledged the fact that 
there is misuse of antimicrobials currently. 66% 
students were of the opinion that AMR was 
associated with increased mortality, morbidity 
and prolonged hospitalization. The majority of 
students (81.7%) agreed that further training on 
rational antimicrobial prescribing was required 
to overcome the antibiotic selection dilemmas. 
Once again, a high of 84.1% students supported 
reinforcement of antimicrobial pharmacology 
teaching with clinical case-based problems, 

whereas 73.8% students wanted integration of 
antimicrobial pharmacology with clinical teaching. 
Surprisingly, 54.9% students believed that the 
supply of new antimicrobials would take care of 
AMR eventually.
Analysis of perceptions of rational antimicrobial 
prescribing (Fig. 3)
 Results of section 3 reflected confidence 
in 78.1% participants in making diagnosis of 
infection or sepsis, while 63.7% were confident in 
identifying scenarios not requiring antimicrobial 
therapy. In the self-assessment of the ability to 
select appropriate antimicrobial treatment for 
community acquired pneumonia, urinary tract 
infection, multi-drug resistant E.coli infection and 
drug-resistant Salmonella typhi, low confidence 
rates of 41.5%, 62.8%, 38.9% and 54.1% were 
observed respectively. Confidence in choosing 
the appropriate duration, route of administration 
and dose of antimicrobials prescribed was 
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perceived by 69.4%, 68.2% and 61.9% students 
respectively. 67.8% of respondents believed that 
they were able to stop or deescalate antimicrobial 
treatment appropriately following microbiology 
culture reports. 68.2% students were confident 
for deciding the appropriate combination of 
antimicrobial therapy whenever required.
Scoring of knowledge and perceptions of 
antimicrobial stewardship
 An overall “good” score for knowledge on 
antimicrobial use was seen in 70.9% of students 
whereas only 55% had an overall “good” score on 
perceptions of rational antimicrobial prescription. 
Statistical correlation of the “good” score for 
knowledge and perceptions with various variables 
including gender, MBBS semester and medical 
colleges was analysed (Table 2). Significant 
association (p<0.05) was found with higher 
MBBS semesters for both “good” knowledge and 
perception scores. 

DisCUssiON
 The aim of AMS is three-fold. The first 
goal is to facilitate physicians to prescribe the 
most appropriate antimicrobials with the correct 
dose and duration. The second goal is to prevent 

antimicrobial overuse, misuse and abuse and 
the final goal is to minimize AMR spread. During 
the medical training, basics about antimicrobials 
and AMR are taught in pharmacology and 
microbiology respectively and the knowledge on 
the subjects is assessed. However, assuming that 
the knowledge of the undergraduate students 
on antimicrobials is adequate, it is also essential 
to assess their attitude as well as perception 
on AMS, as prescription of antimicrobials will 
form a major part of their practice and requires 
reinforcement through clinical case-based 
teaching and training. This is the first multicentre 
study conducted across various states in India; 
evaluating the fundamentals of AMS among the 
medical students. The study data revealed an 
overall “good” score by 70.9% participants on 
knowledge and 55% participants on perceptions 
of rational antimicrobial stewardship. 
 Majority of our students (82.5%) desired 
further education on antimicrobial prescribing. 
This is in accordance with the previous studies 
on medical students and doctors.2,10,17 Difficulty 
in prescribing appropriate antimicrobials in 
common infections and also withholding the 
same in certain situations is experienced by the 

Fig. 3. Perceptions of rational antimicrobial prescribing.
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undergraduate students when they enter into 
clinical practice. Thus, targeted teaching and 
training on antimicrobials stewardship skills 
will form the cornerstone for successful AMS 
programs18-20 81.7% of medical students in our 
study upheld the significance of undergraduate 
training on rational antimicrobial prescribing. 
This is similar to the study by Sharma et al; which 
reported a positive attitude by 98% of medical 
and 87% of dental students.18 Similar studies by 
Huang et al.14 in China, Vasundara et al.21 in India, 
and other studies,22,23 highlight the need for AMS 
education by medical students. Hence, education 
on the principles of AMS should start early during 
medical training.
 The significance of clinical case-based 
pharmacology teaching of 2nd year medical 
students, simulating the complexities of ‘real-
world’ decision making, has been established 
by many previous studies24,25 as well as by 84.1% 
of our participants. The major hurdle faced by 
contemporary medical curriculum in teaching 
pharmacology with simultaneous reinforcement 
through active clinical based problems (problem-
based learning) is the ‘time constraint’.16 However, 
many countries such as UK and USA have revised 
their medical curriculum for imparting training 
on good antimicrobial prescribing practices at 
undergraduate level.7 Such initiatives in teaching 
rational use of antimicrobials, through clinical 
case-based approach in medical, dental, pharmacy 
as well as nursing curriculum, are much awaited 
in Indian education system. 
 The results of our study demonstrate 
statistically significant association between 
knowledge scores and higher academic course 
semester (p<0.05). This shows positive association 
with exposure to clinical postings, contrary to the 
report by Abbo et al.10 However, this may also 
indicate the significance of early exposure to the 
‘infectious disease’ (ID) domain10 and further 
emphasize on a well-structured and standardized 
medical curriculum to address the areas of 
weakness. In India, the National Medical Council 
(NMC) through its revised competency based 
medical education (CBME) curriculum is promoting 
horizontal and vertical integrated teaching among 
various medical disciplines and provides for early 
clinical exposure, electives and longitudinal care,26 
which again is supported by 73.8% students in our 

study. To standardize AMS education, teaching 
and learning methodology should be aided with 
innovative technology such as reliable open 
access learning sites and applications for updating 
information on antimicrobial use and prescribing 
in accordance with the current national and 
international guidelines.18,25

 Knowledge on the role of antibiotics in 
viral infections was observed in 76.1% students 
which was further assessed by brief clinical based 
questions (Fig. 1) on the 2 most common scenarios 
of antibiotic abuse namely common cold and 
diarrhoea. However, only 56.5% correct responses 
for knowledge on selection of broad-spectrum 
antibiotics over narrow-spectrum antibiotics were 
recorded through 3 structured questions in our 
study (Fig. 1). Surprisingly only 63.7% students in 
our study had knowledge that hand hygiene is an 
important preventive measure against infections in 
the hospital, which is similar to a European study.16 
These observations, similar to other studies,10,18,25 
point to the need for introducing specific teaching 
interventions comprising of interactive clinical 
case-based learning. Stress should be laid on 
identifying irrational prescribing practices and 
scenarios where antimicrobials need to be 
withheld or combination antimicrobial therapy 
prescribed. 
 Our results on attitude of the students 
on antimicrobial prescribing (Fig. 2), endorse the 
previous observations from various studies.18,10,27 
The observed differences in attitude towards 
antimicrobial prescribing practice can deeply 
affect the clinical acumen and interpretation of 
these future prescribers. In our study, majority 
of the participants (74%) agreed that a notable 
proportion of antimicrobial prescribing is 
inappropriate, similar to the US survey of doctors 
(62%).28 and the European study of medical 
students, where a greater proportion (83%) of the 
respondents felt the same.16 Most of the students 
(79.9%) in our study were conscious that irrational 
prescribing can result to AMR and 74% agreed 
on current misuse of antimicrobials, which is the 
ethical responsibility of the clinicians. This positive 
attitude could play a significant role in involving 
the students in stewardship interventions. Further, 
highlighting the successes of AMS interventions 
may help the young prescribers recognize that 
an individual change can collectively lead to 
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significant outcomes. However, only 66% of the 
students believed that AMR was associated with 
increased mortality, morbidity and prolonged 
hospitalization and a low of 54.9% believe that 
the supply of new antimicrobials would take care 
of AMR eventually which can have an immense 
negative impact on AMS efforts. 
 In an effort to identify the level of 
perceived confidence whi le prescr ibing 
antimicrobials, we have observed results broadly 
consistent with other medical schools as well 
as a recent study of US students.10 Most of our 
students (78.1%) thought they were confident 
in making right diagnosis of infection; similar to 
a European study (92%).16 Studies have revealed 
‘inaccurate diagnosis’ as the leading cause of 
unnecessary antibiotic use29 which may serve 
as one of the areas for designing educational 
programmes. However, the students had poor 
perceptions of being able to select appropriate 
antimicrobial treatment for common infections 
like community acquired pneumonia, urinary 
tract infection, multi-drug resistant E.coli infection 
and drug-resistant Salmonella typhi. Also, 63.7% 
of respondents believed that they were not 
confident in identifying the clinical scenarios 
where antibiotics are not required. Although, our 
data does not reflect an overall poor perception 
on AMS but the figures reflect great scope for 
improvement on the student confidence levels 
(Fig. 3). This is highly essential to upgrade the 
perception of self-competence translating into 
prompt and rational prescribing practices, once 
again advocating early problem-based teaching on 
AMS. Special attention also needs to be paid on 
‘communication skills’ of the students to handle 
the situations of diagnostic uncertainty, which 
is critical to reduce the number of unnecessary 
prescriptions.7

 The major strength of our study was its 
multicentre layout, capturing huge data across 
different states of India including both government 
and private sector of medical education. Other 
strengths include the anonymous and voluntary 
nature of participation, which reduces the 
tendency of providing “socially desirable” answers. 
Also, the participants were not allowed to take 
any help during filling the questionnaire, so the 
data reflects the actual KAP of the volunteers. 
Overall, the responses were consistent across the 

medical colleges for most questions, reflecting a 
degree of external validity. Potential limitation 
of our study was that no formal data on medical 
college curricula regarding antimicrobial use, 
resistance, or stewardship was collected. As with 
all questionnaire-based studies there was as usual 
the potential for recall bias. The authors would 
further want to assess the impact of opportunity 
and motivation on the prescribing practices as 
variables of behavioural science could also be 
possible limiting factors.

CONClUsiON
 It can be concluded from the observations 
that most undergraduate students desired 
further education on antimicrobials during their 
medical education. The study recommends 
well-structured integration of pharmacology and 
microbiology teaching with the clinical trainings 
to strengthen AMS programs. Development of 
targeted educational literature and articulating 
fine details of prescribing antimicrobials with real 
time case scenarios by a multi-disciplinary team 
is highly recommended to overcome the clinical 
weaknesses and prescribing dilemmas among the 
medical students. Larger studies encompassing 
all elements of AMS with comparative analysis 
across different educational systems is highly 
recommended. This will help identify the key 
educational interventions and strategies at an early 
undergraduate level for successful implementation 
of AMS in Indian system.
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