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 The important component of all antibiotic stewardship program is education of 
clinicians about the antimicrobial usage. The objective of the study was to evaluate the 
knowledge and attitudes regarding antibiotic resistance among medical doctors in a tertiary 
care hospital. The other objective was to evaluate the usefulness of the interactive educational 
intervention in improving the knowledge about antibiotic resistance. This was a cross sectional 
questionnaire based study involving residents and postgraduates from various departments. 
Questionnaire had three categories of assessment, namely, knowledge about the development 
of antimicrobial resistance (fifteen questions), treatment of resistant microbial conditions 
(five questions) and prevention of antimicrobial resistance (five questions). Questionnaire 
was pre-tested and pilot run.  After the filling up of the questionnaire, each participant or a 
group of three or four participants were provided with interactive educational intervention. In 
each such session, three components were discussed using a custom designed course module 
using a learning management system. The modes of development of antimicrobial resistance, 
methods of rationale antimicrobial prescription and interventions to prevent development 
of antimicrobial resistance were the main components in the online module. After the online 
course, each participant filled post-test. The long-term retention of the concepts was tested with 
one-month follow-up post-test. 120 participants have taken up the pre-test and undergone the 
study. Pre-test average score was 11.1(± 3.44) out of 25. Of these participants 114, have taken 
immediate post-test and average score was 20.9 (± 2.67). The improvement of pre-test scores 
to post-test scores was statistically significant. 94 participants have answered the one-month 
post-test, the average score was 16 (± 4.79). The results were statistically significantly more 
than the pre-test score, however statistically lower than post-test score. Use of the interactive 
online learning material has resulted in significant improvement in the knowledge and attitude 
regarding antibiotic resistance among post-graduates and interns in a tertiary care hospital.
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Our time with antibiotics is running out.1

 World Health Organization (WHO) 
is continuously emphasizing all health care 
stakeholders for responsible use of antibiotics to 

prevent rampant development of resistance. In 
this regard, WHO is organizing World Antibiotic 
Awareness Week aiming to increase awareness 
of development of antibiotic resistance.2 At the 
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same time, it is also encouraging best practices 
among health care providers and policy makers 
to avoid further antibiotic resistance. Effective 
communication, education and training of health 
care providers are the important steps advocated 
by WHO.3Centre for disease control (CDC)  is also 
promoting hospital antibiotic stewardship programs 
to encourage responsible antibiotic usage.4 
Antibiotic stewardship programs are hospital 
based programs directed towards optimization of 
antibiotic use and reduce adverse events associated 
with antibiotic use.5

 As the microbes are fast replicating, there 
is every possible chance that it develops some of 
the mechanisms to circumvent the detrimental 
effects of drugs used against them. Few microbes 
can alter the drug targets, inactivate the drug 
or can efflux the drug.6,7Micro-organisms are 
known to horizontally transfer the genes to other 
microbes.8 With the emergence of multidrug, 
extremely drug resistant and pan drug resistant 
superbugs, the antimicrobial resistance has become 
a major problem & has occupied a centre stage in 
all intensive care settings9 Methicillin resistant 
Staphylococcus aureus (MRSA), vancomycin 
resistant enterococci(VRE) and carbapenem 
resistant Enterobacteriaceae are the three most 
important microbes posing threats with severe 
systemic uncontrolled infections.10,11

 For limiting development of resistance, 
the health care professionals need to strictly utilize 
the antimicrobial drugs, identify the causative 
organism wherever possible, select appropriate 
drug for correct duration at proper dosage.12 
Indian Council of Medical Research (ICMR) 
has formulated guidelines for hospital infection 
control and Antimicrobial Stewardship Program 
addressing antimicrobial resistance.13National 
policy for containment of antimicrobial resistance, 
has been formulated to address the same,14 but 
development of individual policies at local level 
also plays a crucial role & takes us a long way 
in preventing development of antimicrobial 
resistance.
	 Antibiotic	stewardship	is	defined	as	the	
optimal selection, dosage and duration of the 
antimicrobial treatment resulting in best clinical 
outcomes with minimal impact on the subsequent 
development of resistance.15The major goal of 
antimicrobial stewardship is to encourage health 

care professionals to prescribe the most appropriate 
antimicrobial for a given clinical condition with 
correct dose and duration. This practice follows 
4Ds of antimicrobial therapy, namely, right Drug, 
right Dose, De-escalation to pathogen directed 
therapy and right Duration of the therapy.16With 
such an approach – the overall treatment cost is 
set to come down as fewer doses are used and less 
expensive drugs are chosen.17It also emphasizes to 
prevent antimicrobial overuse, misuse, and abuse. 
Minimize the development of resistance by use 
of antibiotics for common illnesses is associated 
with emergence of resistance strains as shown 
by many meta-analysis.18The most important 
antimicrobial resistance leading to increased 
morbidity and mortality are Carbapenem-resistant 
K pneumonia16and Methicillin-resistant S aureus.19

 Pre-prescription restrictive approach 
enforces limited use or complete restriction of 
certain antimicrobials by clinicians. Use of such 
restricted antibiotics requires prior permission with 
sound evidence from the concerned authorities. 
This approach has resulted in decrease in overall 
expenditure of antimicrobials. Also, this has 
led to over usage of the antibiotics that are not 
restricted.20The other form of antibiotic stewardship 
program uses effective prospective review and 
feedback after the entire treatment. Such post-
prescription surveys and audits recommend 
individual clinicians to adjust, change or use 
appropriate dose, de-escalate the antibiotics based 
on microbiology results of the hospital and clinical 
status of the patient.21 The institutions not having 
sufficient	resources	for	the	regular	pre-prescription	
restrictive approach for the antibiotic stewardship 
program are encouraged to follow post-prescription 
review with feedback to work towards prevention 
of antibiotic resistance. 
 The fundamental component of all 
antibiotic stewardship program is education 
of clinicians about the antimicrobial usage. 
Usually clinicians get such information about 
the antimicrobial usage, dosage, duration and de-
escalation while reading the treatment algorithms 
of a particular infectious condition. Continued 
medical education and clinical meets about 
the routine cases can supplement or update 
the information of antibiotic usage. Regular 
conversation with the antibiotic stewardship 
program co-ordinators who are deeply involved 
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can substantially alter the dosage, drug and 
duration. Post-prescription review and feedback 
also	effectively	influences	the	prescription	habits	
of the clinicians. Formal didactic sessions or grand 
rounds–type	lectures	can	also	influence	the	overall	
outcomes.17

 The orientation of clinicians towards 
better antibiotic stewardship programstarts with 
understanding their perception about the antibiotic 
resistance. Many researchers have reported 
heighted awareness of infection control measures 
are essential specially during institutional antibiotic 
therapy.22 Overall, most agree that the provision 
of up-to-date antibiotic prescription guidelines 
clubbed with physician sensitization shall lead to 
reduction of unnecessary antibiotic prescription. 
In addition, health warning on the antibiotic 
prescription bags to emphasize the importance 
of hygiene during treatment must be encouraged. 
In this regard, many studies have evaluated the 
knowledge, attitude and practices of the clinicians 
(especially house surgeons and postgraduates) 
regarding the antibiotic resistance. The following 
paragraphs mentions few such studies conducted 
in India. 
 Mohit Nair et al, evaluated the use of 
antibiotic usage among doctors, nurses, informal 
providers, and pharmacy shopkeepers.23 They 
found, doctors, even though scored higher in 
questions assessing knowledge and attitudes, 
scored poorer in practices assessment. They 
recommend to address the ‘nexus’ between the 
doctors, pharmaceutical representatives and 
informal health care providers to tackle the drug 
resistance problem. Vandana Badar et al, evaluated 
the knowledge and attitude of medical teachers and 
clinicians in a tertiary care hospital; opined that all 
medical faculty are fairly oriented to principles 
of clinical practices leading to prevention of 
development of antimicrobial resistance.24 They 
suggest computer assisted programs for effective 
antimicrobial stewardship program. Manali 
Mahajan et al, studied knowledge and attitude of 
undergraduate students in a medical college and 
recommended that antimicrobial resistance should 
be a part of pharmacology curriculum.25 Further, 
Anita Kotwani et al, studied such knowledge and 
attitude among high school students and their 
teachers through focus group discussions. They 
found that students had poor knowledge regarding 

antibiotic resistance and only few teachers had 
basic orientation.26 They recommended to utilise 
the keen interest of high school students to orient 
them regarding antibiotic usage and prevention 
of antimicrobial resistance. Bharani Krishna et 
al,  noted more than 96% of the students have 
knowledge and good attitudinal orientation for 
antimicrobial resistance prevention.27 Kanika 
Khajuria  et al also noted similar results among 
second year medical undergraduate students.28

 All these recent studies variably mention 
the knowledge, attitude and practice gaps in 
the antimicrobial resistance prevention in the 
health care sector. As mentioned earlier, for 
effective antimicrobial stewardship program, overt 
knowledge and attitude of the doctors regarding 
the development of resistance, pharmacological 
basis of antimicrobial selection, dosing pattern, 
microbiological supporting data, de-escalation 
end	point	definitions	are	of	immense	importance.	
These aspects of infectious condition management, 
even though dealt in detail during formative 
undergraduate training, if reinforced during 
internship and during post-graduation course, may 
serve as effective tools in stronger antimicrobial 
stewardship program. 
 With these things in background, a short 
education module highlighting the development 
of antimicrobial resistance, treatment of 
resistant microbial conditions and prevention of 
antimicrobial resistance was used in the present 
study. Didactic lectures and interactive lectures 
to large extent do not necessarily bring about 
attitudinal and transformative changes. Content 
delivery on a mobile platform with appropriate 
instructional design can not only bring about 
effective interactive learning but also the desired 
outcomes. World Health Organisation (WHO) and 
Centre for Disease Control (CDC) have initiatives 
to acquire antimicrobial stewardship competency 
through online courses. 
 There are no such short course available 
in India for willing stakeholders to revise, revisit 
and	fine	tune	concepts	of	antimicrobial	resistance	
that play a pivotal role in antimicrobial stewardship 
program. Through this study, an attempt was made 
to develop and deploy an online short module 
for improving knowledge and attitude about the 
antibiotic resistance among busy doctors. 
Objectives
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 The main objective of the study was to 
evaluate the knowledge and attitudes regarding 
antibiotic resistance among medical doctors in a 
tertiary care hospital. The other objective was to 
evaluate the usefulness of the interactive educational 
intervention in improving the knowledge about 
antibiotic resistance. 

MethOdOlOgy
Study design
 Cross sectional questionnaire based study 
involving  residents and postgraduates from various 
departments in our medical college. 
Inclusion criteria
 All interns and postgraduates of all 
clinical departments who consented to take part 
in the study
exclusion criteria
 All other medical students, teaching 
faculty of pre, para and clinical departments were 
excluded. Those who fail to take the post-test were 
also	excluded	from	the	final	analysis.	
Study instrument
Questionnaire
 After obtaining ethics committee approval, 
a structured, pilot tested, validated questionnaire 
was distributed to all medical doctors in a tertiary 
care hospital. The baseline knowledge about the 
modes of development of antimicrobial resistance, 
methods of treatments and modes of prevention 
were assessed initially. 
Questionnaire components
 Questionnaire had three categories 
of assessment, namely, knowledge about the 
development	 of	 antimicrobial	 resistance	 (fifteen	

questions), treatment of resistant microbial 
conditions (five questions) and prevention of 
antimicrobial	resistance	(five	questions).	Several	
questions were adopted from similar studies 
in the past with considerable changes.24,29The 
questionnaire components were tested by two 
subject experts in the department of  Pharmacology, 
other than the guide of the study. Later, the 
questionnaire	was	 pilot	 tested	 among	 total	 five	
senior residents belonging to Department of 
General Medicine and General Surgery. The 
doctors’pilot testing the questionnaire were not 
included	 in	 the	 final	 list	 of	 participants	 for	 the	
study. A Cronbach’s alpha score of more than 0.8 
indicated an internal consistency during validation. 
Administration of questionnaire
 Each participant was explained the 
objective of the study and a written informed 
consent was obtained before administering the 
questionnaire as pre-test. The pre-test defined 
the baseline knowledge and attitude of doctors 
regarding antibiotic resistance. 
Interactive educational intervention
	 After	filling	up	of	the	questionnaire,	each	
participant or a group of three or four participants 
were provided with interactive educational 
intervention. In each such session, three components 
were discussed using a custom designed course 
module using a learning management system 
(Modular Object-Oriented Dynamic Learning 
Environment, Moodle). The course design was 
such that it followed the Knowles’s six principles 
of adult learning. The student investigator & the 
guide participated in each session. Emphasized 
components were

table 1. Parameters of pre-test and post-test outcomes of the study 
questionnaire

Parameter Pre-test Post-test

Number of participants 120 114
Average score 11.1 20.9
Standard deviation 3.44 2.67
Average score in percentages 44.65% 83.24%
Standard deviation (%) 14.4% 11.13%
Score distribution skewness 0.4662 -0.7442
Score distribution kurtosis 0.1954 -0.2814
Coefficient	of	internal	consistency	 72.37%	 75.40%
Error ratio 41.34% 48.83%
Standard error 7.8% 6.55%
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Fig. 1. Scattered plot graph showing pre-test and post-test values with trendline denoting the mean value

•	The	modes	 of	 development	 of	 antimicrobial	
resistance
•	Methods	of	rationale	antimicrobial	prescription	
•	 Interventions	 to	 prevent	 development	 of	
antimicrobial resistance 
 Such interactive educational intervention 
differs from regular awareness programs as it 
concentrates on examples from individual practices 
and also specific strategies towards antibiotic 
stewardship. The instructional design of the 
online learning module was set up in a way that 
the participant can complete all the built-in tasks 
in less than 90 minutes. Immediately after the 
completion	of	the	course,	participants	filled	a	post-

test questionnaire (same questions as of pre-test). 
Feedback was collected about the intervention. 
description of educational intervention 
 The online contents had two modules to 
understand antimicrobial resistance and emphasis 
measures to prevent the antimicrobial resistance. 
The	first	module,	concentrated	on	mechanisms	of	
antimicrobial resistance and their pharmacological 
basis. The second module, concentrated on 
measures to be taken to prevent antimicrobial 
resistance. 
	 The	learning	objectives	of	the	first	module	
were 
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Fig. 2. Frequency distribution and graphical representation of skewness of the outcomes of pre-test (blue) and 
post-test scores (red)

•	To	 define	 appropriate	 empiric	 antimicrobial	
prescribing
•	To	highlight	mechanisms	by	which	microorganisms	
develop antimicrobial resistance
•	To	understand	the	influence	of	pharmacodynamic&	
pharmacokinetic factors in development of drug 
resistant strains of microbes
•	To	 understand	 the	 principles	 of	 antimicrobial	
selection	for	a	specific	infectious	condition
	 Module	one	subsections	were	–	definition	
of AMR, mechanisms of AMR, spread of AMR, 
multidrug resistant, pan drug resistant, extremely 
drug resistant organisms with examples. In this 
section short introduction to anti-fungal resistance, 
anti-viral resistance and anti-malarial resistance 
was also attempted. The content in each of 
these subsections had equal weightage of text 
and images. Extensive and lengthy videos were 
avoided. 
 The learning objectives of the second 
module was
•	 To	 enumerate	 basic	 steps	 of	 prevention	 of	
antimicrobial resistance
 Module two subsect ions were – 
prescription writing, antimicrobial selection, 

prevention of AMR, antimicrobial stewardship 
program. After the section on selection of 
antimicrobial, a short section of interactive 
recollection of these drugs was attempted to 
evaluate the user engagement. The results of this 
interactive quiz was not analysed, however, instant 
feedback to the users provided instant assessment 
of their learning. 
Follow up
 The interventional educational impact was 
studied after one month of the initial intervention by 
a post-test. The same questionnaire was usedduring 
the post-test. Those who failedto participate in the 
post-test	were	excluded	from	final	analysis.	
Sample size calculation
 There are 160 interns and postgraduates in 
our	tertiary	care	hospital.	With	a	95%	confidence	
interval (z score of 1.96) and 5% margin of error, 
the sample size was calculated as 

 = 114
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table 2. Category wise scores pre-test and post-test score of the study questionnaire

Categories in questionnaire  Part A: Knowledge Part B: Selection Part C: Prevention

Pre-test 6.63 (±0.15) 1.97 (±0.17) 2.54 (±0.12)
Post-test 13.18 (±0.1) 3.83 (±0.08) 3.91 (±0.05)

Fig. 3. Frequency distribution and graphical representation of skewness of the outcomes of one-month post-test

Statistical analysis
 The data was tabulated and analysed using 
MSExcel. All continuous data were expressed as 
mean with standard deviation.The pre-test and 
post-intervention scores regarding knowledge 
of antimicrobial resistance were checked by 
Fisher exact test. The overall effect of interactive 
educational intervention among interns and 
postgraduates were compared by Mann–Whitney 
U-testand	values	<0.05	were	considered	significant.	

ReSultS

 Out of 125 interns and postgraduates who 
consented to take part in the study, 120 doctors 
completed the pre-test questionnaire. The pre-test 
score observations are tabulated in Table 1. The 
average score was 11.65 ± 3.6 marks out of 25. 
 All participants were encouraged to 
take post-test. However, out of 120 interns and 
postgraduates who have taken pre-test and course, 
only 114 could take the immediate post-test. The 

outcome of the post-test is tabulated in table 1, 
figure	 3	 and	 4.	There	 is	 statistically	 significant	
increase in the post-test scores in comparison to the 
pre-test. Maximum scores (n=39) were in higher 
band of 21.15 to 23.08 in post-test as compared 
to pre-test, where maximum scores (n=29) was 
observed	between	11.54	to	13.46	(figure	4).	
 The immediate feedback about the course 
material and instructional design was collected. 
Only 34 participants have given the feedback. 
27 participants agreed that the discussion of the 
module is related to antimicrobial resistance. 
Overall rating of the online module was 4.2 ± 
0.8 out of 5 for improvement of understanding of 
antimicrobial resistance. 
 A few repeated comments are as follows 
•	Enjoyed	doing	it
•	Wonderful	efforts	Keep	it	up
•	Need	more	sessions
•	It	helps	me	understand	more	about	antimicrobial	
resistance.
•	A	follow	up	must	be	implemented
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 Questionnaire had three categories 
of assessment, namely, knowledge about the 
development	 of	 antimicrobial	 resistance	 (fifteen	
questions), treatment of resistant microbial 
conditions (five questions) and prevention 
of antimicrobial resistance (five questions). 
The gain of knowledge after the educational 
intervention as assessed by outcomes during 
post-test	was	maximum	 (statistically	 significant,	
p<0.001) for the part one, i.e., knowledge about 
the development of resistance. Here, the pre-test 
average score was 6.63 (±0.15) and post-test 
score was 13.18 (±0.1). Similar improvement was 
also observed in the selection of antimicrobials 
and prevention of resistance categories (table 2). 
Overall, the educational intervention has resulted 
in	the	significant	improvement	in	the	knowledge	
regarding development of resistance, selection of 
the drugs and preventive methods to be followed. 
 All participants were contacted through 
the features of learning management system and 
also through the email IDs. Despite repeated 
communicative efforts,only 94 participants 
completed the one-month post-test. One-month 
post-test was administered through Google 
forms converted quiz. The average score of the 
participants in this one-month post-test was 16 
out of 25 with standard deviation on 4.79. The 
results	were	 statistically	 significantly	more	 than	

the pre-test score, however statistically lower than 
immediate	post-test	score	(figure	5).	

dIScuSSIOn

 Many researchers have identified the 
gap in knowledge, attitude and practices among 
doctors and other health care providers with regard 
to antimicrobial resistance prevention. To address 
this gap and to strengthen individual hospital 
or institutional antibiotic stewardship program, 
effective educational interventionis needed. To 
promote competency development in clinicians 
with respect to antimicrobial stewardship program 
and to adhere to guidelines during management of 
common clinical scenarios, WHO has developed a 
8 hour self-paced learning module comprising of 
14 subsections.30 However, with the busy schedule 
of the doctors, the longer duration and self-paced 
courses meet larger attrition rates. Similar, paid and 
free course are being offered by Stanford centre 
for continued medical education,31 University of 
Dundee32 and Centre for Disease Control. 
 Indian Council of Medical Research 
(ICMR) has formulated Antimicrobial Stewardship 
Program	Guidelines.	However,	there	are	no	specific	
online	 learning	materials	 specifically	 addressing	
our doctors. Courses and modules designed 
according to the local needs and limitations of 

Fig. 4. Comparison of means of pre-test, post-test and one-month post-test
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Indian health care system is the need of the hour. 
Linking such online modules to general continued 
medical education program specially designed one 
each for primary, secondary and tertiary health 
care physicians shall lead to improved training 
and orientation of all the doctors. In turn better 
antimicrobial stewardship program implementation 
in each hospital set-up and reduced antibiotic costs. 
In this regard, the present study design where 
an online module that is much shorter and more 
specific	 to	 the	 local	 needs	 caters	much-required	
gaps in the busy clinicians’ antimicrobial therapy. 
	 In	 the	present	study,	 there	 is	significant	
improvement in the learning outcomes after 
exposure to the online learning module. Every 
guideline about the antimicrobial stewardship 
program recommends that the physician and 
pharmacist be fully trained in the infectious diseases 
with complete support from the microbiology team. 
Between two approaches for effective stewardship 
program, even though post-prescription audit and 
feedback appears an easy approach (especially in 
resource constrained environment), here as well 
the knowledge about the antimicrobial selection, 
susceptibility pattern, dose and duration with 
de-escalation end points are quiet important.
The present study mainly concentrating on the 
development of the online material for training 
the clinicians in better implementation of the 
antibiotic stewardship program. In addition, the 
material used in the present study even though it 
is self-admissible and self-paced, presence of the 
principal investigator in every session along with 
the guide made learning not only assisted but also 
partially supervised. 
 In the present study, the average pre-test 
score	are	significantly	lower.	The	pharmacological	
basis of the antimicrobial resistance is included 
along with the curriculum of second year of 
undergraduate training. Through the pre-test scores 
of this study, it is evident that the interns and post-
graduates considerably unable to summon up the 
original concepts of development of antimicrobial 
resistance over years. The authors of this study 
urge that the concepts of antimicrobial selection 
and preventive methods must be continuously 
reinforced along the third and final year of 
undergraduate training. 
 At the end of the study, the knowledge 
and attitudes of medical doctors regarding 

the antibiotics resistance especially modes of 
development of resistance, methods to reduce 
the emergence of further resistance were evident. 
At the same time, the effectiveness of interactive 
educational intervention using infographics and 
individual interactions werealso  evaluated at the 
end of 1 month. It is expected that the knowledge 
gained by such educative intervention will be 
translated into a responsible and judicial usage 
of antibiotic and lead to lesser emergence of 
resistance. Such awareness evaluations, leads to 
effective	and	efficient	and	formulation	of	hospital	
based antibiotic stewardship programs aiming at 
better antibiotic usage. 
 During the study, the difficulties 
encountered were related to busy schedule of the 
post-graduates and interns. Even though the entire 
course could have been administered in less than 90 
minutes, many participants did not show inclination 
even for mobile content design. The modules used 
in the study, generally addresses the visual learners. 
The learning methodology choices and impact of 
teaching-learning aid varies with different modes 
of learners. All the participants cannot be uniformly 
addressed with a single type of learning module. 
This impacts of the retention of the concepts. Such 
disparity is apparent with lesser mean scores of the 
one-month post-test. 
 The learning management system 
deployed to host the course content used login 
ID and passwords for each participants to safely, 
securely and individually go through the course 
content and store individual grades in pre-test and 
post-test. After one-month, with fading enthusiasm 
and interest in the online learning module, many 
participants demanded new IDs and passwords to 
login to access the one-month retention test. To 
overcome this login problem, the same questions 
were distributed in the same order with the changes 
in order of the choices through Google forms. 
These Google forms analysed overall score of the 
participants. 
 Though this study has effectively showed 
that there is intrinsic lacunae in the understanding of 
the concepts of antimicrobial resistance, selection 
of the antibiotics and resistance preventive 
methods, it may not be generalized as it is a 
single institution based study. Moreover, the 
questionnaire components and concepts addressed 
in the study do not comprehensively represent the 
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all the components of anti-microbial resistance 
stewardship. 
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