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Introduction

Antimicrobial resistance (AMR) is a major public health 
challenge. In the first decade of  this century (2000‑2010), there 
has been an increase in antibiotic consumption by 35%. Most 
of  this increment has occurred for high‑end antibiotics like 
carbepenems (45%) and polymixins (13%) as described by Van 

Practice of antimicrobial stewardship in a government 
hospital of India and its impact on extended point 

prevalence of antibiotic usage
Shweta Kumar1, Karuna Tadepalli2, Rajnish Joshi1, Manisha Shrivastava3, 

Rajesh Malik4, Pradeep Saxena5, Saurabh Saigal6, Ratinder Jhaj7,  
Sagar Khadanga1

1Departments of General Medicine, 2Microbiology, 3Medical Superintendent, 4Radiodiagnosis, 5General Surgery, 6Anesthesia 
and Critical Care, 7Pharmacology, AIIMS Bhopal, Madhya Pradesh, India

AbstrAct

Background: Antimicrobial resistance (AMR) is a global concern requiring immediate attention. Among many proven measures 
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piperacillin‑tazobactum (8.5%), carbapenams (6.6%), cefuroxime (6.4%), quinolones (4.3%), vancomycin/linezolid (4.1%), 
colistin (0.8%), and others (0.8%). Conclusion: Government run hospitals can run low budget antimicrobial stewardship program 
with sustainable impact on antibiotic consumption. For a successful AMSP, it requires change in attitude, commitment, and 
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Boeckel et al.[1] India happens to be the largest consumer of  
antibiotics in 2010 and contributing to 23% of  the increment 
of  retail antibiotic sales among the BRICS countries as reported 
by Laxminarayan and Chaudhury (2016).[2] The increasing 
percentage of  resistance to last resort antibiotics like carbapenems 
and colistins in India is alarming (Gandra et al. 2016).[3] Hence, 
there is an urgent need of  adopting measures to decrease drug 
resistance and ensuring that the available antibiotics remain useful 
for patient care saving millions of  lives globally. In 2015, World 
Health Organization (WHO) developed a global action plan 
on antimicrobial resistance (GAP AMR) wherein the member 
states are to produce national strategic plans for AMR.[4] India 
as a responsible signatory to GAP‑AMR rolled on the National 
Action Plan on AMR (NAP AMR) on 19th April 2017.[5]

Antimicrobial stewardship program (AMSP) is one among 
the globally accepted strategies for decreasing AMR without 
hampering the patient safety. Practiced properly, AMSP have 
been found to reduce unnecessary usage of  antibiotics and hence 
reduce AMR. AMSP have resulted in a reduction of  22%–36% 
antibiotic usage with a significant cost savings in many countries 
of  Europe and America.[6‑9] India have not fared well in AMSP. As 
per a survey conducted by Indian Council of  Medical Research 
(ICMR) among 20 tertiary health care institutes (HCI) about 
implementation and practice of  AMSP components, it was found 
that AMSP written documents were available only in 40% of  
HCI and only 30% HCIs had AMSP implementation strategies 
in place. Better performance was observed by private HCI as 
compared to Government run HCI.[10] Identifying the growing 
AMR and gross deficiency in practice of  AMSP, ICMR stepped 
up to establish country wide antimicrobial resistance surveillance 
and research network (AMRSN). All India Institute of  Medical 
Sciences, Bhopal (AIIMS Bhopal) is one of  the regional centers 
among the ICMR established AMRSN network of  hospitals.[11]

The objectives of  the AMRSN network are to conduct 
sensitization workshops for the residents and faculties 
of  the hospital, formation of  hospital infection control 
committee (HICC), formation of  AMSP committee (AMSPC), 
and development of  hospital antibiogram, prescription audit, 
and formulary restriction. The outcome variables are point 
prevalence study (PPS) of  high priority intravenous (IV) drugs 
and decrease in multi‑drug resistant organisms (MDRO). The 
present study was undertaken to identify the immediate impact 
of  practice of  AMSP at a HCI of  national importance run by 
Government of  India.

The present study reemphasizes the importance of  AMSP 
among primary care physicians to combat AMR as a mandate 
of  NAP AMR.

Methods

Design
This is a case record based extended cross‑sectional type of  
observational operation research study.

Setting
The study was carried out at AIIMS Bhopal, an institute of  
national importance established by Government of  India after due 
approval by Institute Human Ethics Committee (IHEC). AIIMS 
Bhopal is a regional center for ICMR initiated antimicrobial 
resistance surveillance and research network (AMRSN) of  
India. The Institute adopted an antimicrobial stewardship 
program (AMSP) with support of  ICMR as a project mode. 
The primary objective of  the project was to decrease the usage 
of  empirical antibiotic usage and promote culture sensitivity 
assisted usage of  antibiotic.

Participants
As it was a case record based operation research, individual 
patient consent was not required. The data was collected as 
anonymous and unique patient identifies were not generated.

1. Inclusion criteria: all patients admitted in the hospital during 
the predefined period of  24 h.

2. Exclusion criteria: none.

Study procedures
The study was undertaken with approval of  IHEC. A prefixed 
date was identified in each quarter of  the year. Data was collected 
for 24 h from records of  all patients present in the hospital from 
morning 8 AM to next day morning 8 AM. All patients moved 
into operation theatres, investigation centers, or any other service 
centers were also taken into consideration. The denominator 
was  calculated by all the patients who remained in the hospital 
even momentarily (within the time period of  24 h) were taken 
into consideration.

Data collection was entrusted upon the on‑duty nursing 
officers (NO), supervised by the senior nursing officer (SNO) 
of  each ward. The project research associate collated all the data 
next day and circulated to all the faculties for correction of  any 
ambiguity of  data. Data accuracy was checked at multiple levels by 
NO and SNO, research associate, the faculty in charge of  the area, 
and medical records department (MRD). After thorough review 
of  the data, it was finally presented to the institute administrators 
and the funding agency.

The current survey focused on the usage of  intravenous antibiotics 
used among patients admitted in the hospital. Point prevalence 
study (PPS) was conducted on 27th November 2018 in the 1st 
quarter of  the study period. Subsequent PPS was conducted on 
16th March 2019, 27th July 2019 and on 30th December 2019.

Sample size: A formal sample size was not considered as the 
study was for a definite period and all cases who were eligible 
for the study were taken into account.

Statistical analysis
Compiled and collated data was entered in spreadsheet. The data 
was summarized as frequencies and percentages for categorical 
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variables. Percentage was calculated to one decimal value. 
A confidence interval 95% was taken into account and Chi‑square 
P value of  < 0.05 was taken as significant. Microsoft excel and 
Open epi software was utilized for statistical analysis.

Results

A cumulative number of  1396 patients were surveyed at 4 
different days of  conduction of  the study. A total number 
of  711 patients (711/1396 = 50.93%) were on some form of  
antibiotic oral or intravenous (IV). Though the average antibiotic 
usage was 50.9%, quarter wise proportion of  antibiotic usage 
was 61.75%, 60%, 48.4%, and 39%, respectively, in 1st to 4th 
quarter [Table 1]. This decrease in total antibiotic usage across 
1st and 4th quarter was significant as evident by Chi‑square 
P < 0.0000001. A total of  975 units of  antibiotics were used in 
711 different patients amounting to average consumption of  
0.69 (975/1396) units among the total 1396 number of  patients.

Among the total number of  1396 patients, intravenous 
antibiotic usage was 47.9% (60.71%, 58.4%, 44.9%, and 34.2%, 
respectively, in 1st to 4th quarter as in Figure 1). This decrease in 
total IV antibiotic usage across 1st and 4th quarter was significant 
as evident by Chi‑square P < 0.0000001. Among the total 
antibiotic consumption, intravenous (IV) antibiotic consumption 
proportion was 95.7% (933/975). The proportion wise usage of  
IV antibiotic usage is provided in Table 2.

Out of  the total number of  1396 patients surveyed, 195 (14%) 
patients were new cases admitted during the cumulative study 
period and 1201 (86%) were prior hospitalized patients. Among 
these 669 IV antibiotic exposed patients during the study 

period, 77% (515/669) were already continuing antibiotic (prior 
hospitalized cases), 16% (107/669) of  patients were started on 
antibiotic on the study period (prior hospitalized and new cases), 
and 7% (47/669) were switched over from oral to IV antibiotic 
during the study period (prior hospitalized cases). Among 
the 195 patients who were admitted during the study period, 
37.4% (73/195) were initiated on IV antibiotics. The proportion 
of  IV antibiotic usage among the newly admitted patients across 
the 4 quarters was 45.9%, 43.7%, 40.9%, and 25.7% as in Table 3.

Among the total consumption of  IV antibiotics, the top 
10 highest consumed IV antibiotics in our study were 
3rd generat ion cephalospor in (372/933 = 39.8%), 

Figure 1: Comparative usage of IV antibiotics in different quarters. X 
axis: Q1 (quarter 1), Q2 (quarter 2), Q3 (quarter 3), Q4 (quarter 4) Y 
axis: proportion in percentage with 95% confidence interval

Table 2: Proportion of different intravenous (IV) antibiotics
Antibiotic Frequency Proportion (among 

IV antibiotic)
Proportion (among 

total patients)
3rd gen Cephalosporin (Ceftriaxone, cefotaxime, cefoperazone‑sulbactam) 372 372/933=39.8% 372/1396=26.6%
Aminoglycosides 139 133/933=14.8% 139/1396=9.9%
Amoxy/amoxy‑clav 117 117/933=12.5% 117/1396=8.3%
Pipercillin‑tazobactum 80 80/933=8.5% 80/1396=5.7%
Penams (meropenam, imipenam) 62 62/933=6.6% 62/1396=4.4%
Cefuroxime 60 60/933=6.4% 60/1396=4.2%
Quinolones (levofloxacin, ofloxacin, ciprofloxacin) 41 41/933=4.3% 41/1396=2.9%
Vancomycin/linezolid 39 39/933=4.1% 39/1396=2.7%
Colistin 8 8/933=0.8% 8/1396=0.5%

Table 1: Summary statement of total antibiotic usage
Point 
prevalence 
study 
quarter 

Total number 
of  Patients 
surveyed

Number of  patients on (oral + 
IV) antibiotics

Number of  patients on IV 
antibiotics

Number of  patients on oral 
antibiotics

n % n % n %

1 280 173 (173/280) 61.79% 170 (170/280) 60.71% 3 (3/280) 1.76%
2 308 185 (185/308) 60.06% 180 (180/308) 58.44% 5 (5/308) 2.78%
3 396 192 (192/396) 48.48% 178 (178/396) 44.95% 14 (14/396) 7.87%
4 412 161 (161/412) 39.08% 141 (141/412) 34.22% 20 (20/412) 14.18%
Total 1396 711 (711/1396) 50.93% 669 (669/1396) 47.92% 42 (42/1396) 6.28%
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aminoglycosides (14.8%), amoxicillin/amoxicillin‑clav (12.5%), 
piperacillin‑tazobactum (8.5%), carbapenams (6.6%), 
cefuroxime (6.4%), quinolones (4.3%), vancomycin/
linezolid (4.1%), colistin (0.8%), and others (0.8%) as shown in 
Table 2 and Figure 2.

The details of  quarter wise data of  antibiotic consumption are 
given as follows:

1st quarter

A total number of  280 cases were included in the study 
duration. Out of  the total 280 study participants, 173 cases 
were on some antibiotic (oral and IV). Among these 173 cases, 
170 cases (170/280 = 60.7%, 95% CI of  proportion was 54.9% 
to 66.3%) were on IV antibiotic during the study. Among the 
total 170 cases of  patients on IV antibiotic during the study 
period, 81.1% of  cases (138/170) were already on IV antibiotic, 
12.9% cases (22/170) were initiated IV antibiotic, and 5.8% 
cases (10/170) were switched from oral to IV antibiotic. Out of  

the total 280 study participants, 13.2% (37/280) were admitted 
during the study period. Among these 37 newly admitted patients 
during the study period, 45.9% cases (17/37) were put on IV 
antibiotics.

2nd quarter

A total number of  308 cases were included in the study 
duration. Out of  the total 308 study participants, 185 cases 
were on some antibiotic (oral and IV). Among these 185 cases, 
180 cases (180/308 = 58.4%, 95% CI of  proportion was 52.8% 
to 63.8%) were on IV antibiotic during the study. Among the 
total 180 cases of  patients on IV antibiotic during the study 
period, 77.8% of  cases (140/180) were already on IV antibiotic, 
16.7% cases (30/180) were initiated IV antibiotic, and 5.6% 
cases (10/180) were switched from oral to IV antibiotic. Out of  
the total 308 study participants, 15.6% (48/308) were admitted 
during the study period. Among the 48 newly admitted patients 
during the study period, 43.7% cases (21/48) were put on IV 
antibiotics.

Figure  2: Proportion of usage of intravenous (IV) antibiotics. 3rd gen cephalosporin (ceftriaxone, cefotaxime, cefoperazone-sulbactam); 
carbapenams (meropenam, imipenam); quinolones (levofloxacin, ofloxacin, ciprofloxacin)

Table 3: Spectrum of usage of Intravenous (IV) antibiotics
Character 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter Total

n % n % n % n % n %
Total number of  patients 
surveyed

280 280/280=100% 308 308/308=100% 396 396/396=100% 412 412/312=100% 1396 1396/1396=100%

New admission 37 37/280=13.2% 48 48/308=15.6% 44 44/396=11.1% 66 66/412=16% 195 195/1396=14%
Prior admitted 243 243/280=86.8% 260 260/308=84.4% 352 352/396=88.9% 346 346/412=84% 1201 1201/1396=86%
Total number of  patients on IV 
antibiotic

170 170/280=60.7% 180 180/308=58.4% 178 178/396=44.9% 141 141/412=34.2% 669 669/1396=47.9%

New admission 17 17/170=10% 21 21/180=11.7% 18 18/178=10.1% 17 17/141=12.1% 73 73/669=10.9%
Prior admitted 153 153/170=90% 159 159/180=88.3% 160 160/178=89.9% 124 124/141=87.9% 596 596/669=89.1%
Number of  patients already on 
antibiotic treatment 

138 138/170=81.1% 140 140/180=77.8% 130 130/178=73% 107 107/141=75.9% 515 515/669=77%

Number of  patients started on 
IV antibiotic

22 22/170=12.9% 30 30/180=16.7% 28 28/178=15.7% 27 27/141=19.1% 107 107/669=16%

New admission 17 17/22=77.2% 21 21/30=70% 18 18/28=64.3% 17 17/27=63% 73 73/107=68.2%
Prior admitted 5 5/22=22.8% 9 9/30=30% 10 10/28=35.7% 10 10/27=37% 34 34/107=31.8%
Number of  patients with 
change of  antibiotic

10 10/170=5.8% 10 10/180=5.6% 20 20/178=11.2% 7 7/141=5% 47 47/669=7%
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3rd quarter

A total number of  396 cases were included in the study 
duration. Out of  the total 396 study participants, 192 patients 
were on some antibiotic (oral and IV). Among these 192 cases, 
178 cases (178/396 = 44.9%, 95% CI of  proportion was 40.1% 
to 48.8%) were on IV antibiotic during the study. Among the 
total 178 cases of  patients on IV antibiotic during the study 
period, 89.9% of  cases (160/178) were already on IV antibiotic, 
15.7% cases (28/178) were initiated IV antibiotic, and 11.2% 
cases (20/178) were switched from oral to IV antibiotic. Out of  
the total 396 study participants, 11.1% (44/396) were admitted 
during the study period. Among the 44 newly admitted patients 
during the study period, 40.9% cases (18/44) were put on IV 
antibiotics.

4th quarter

A total number of  412 cases were included in the study duration. 
Out of  the total 412 study participants, 161 cases were put 
on some antibiotic (oral and IV). Among these 161 cases, 
141 cases (141/412 = 34.2%, 95% CI of  proportion was 29.7% 
to 38.9%) were on IV antibiotic during the study. Among the total 
141 cases of  patients on IV antibiotic during the study period, 
75.9% of  cases (107/141) were already on IV antibiotic, 19.1% 
cases (27/141) were initiated IV antibiotic, and 5% cases (7/141) 
were switched from oral to IV antibiotic. Out of  the total 412 
study participants, 16% (66/412) were admitted during the study 
period. Among the 66 newly admitted patients during the study 
period, 25.8% cases (17/66) were put on IV antibiotics.

Discussion

This is a unique study in view of  extended point prevalence (PP) 
study of  antibiotics spread over a year. There is very few extended 
point prevalence study in the global literature. The average 
parameters of  the 4 quarters of  our study are compared with 
other studies of  relevance published within last 5 years.

Point prevalence (PP) of  antibiotic usage has been reported from 
28% in Scotland to highest of  80.1% in Nigeria [Table 4].[12‑19] The 

average PP of  antibiotic usage of  our study is 50.9% (711/1396) 
which is almost of  similar to Saudi Arabia (49.1%).[19] Recent 
studies from China, Egypt, and Pakistan (56%, 59%, and 77.6%, 
respectively) have shown higher PP of  antibiotic usage than that 
of  our study.[14‑16] However, studies from Scotland, Switzerland, 
and Ireland document PP of  antibiotic usage much less than 
us (28%, 33%, and 34.4%, respectively).[12,13,18] Though the overall 
PP of  antibiotic usage of  our study is 50.9%, the actual quarter 
wise values are 61.7%, 60%, 48.4%, and 39%, respectively, in 
1st to 4th quarter of  the study period [Table 1]. With time the 
proportions are approaching the levels similar to the best in the 
world in overall consumption of  antibiotics.

Antimicrobial resistance (AMR) is worst affected by unrestricted 
usage of  intravenous (IV) antibiotics. Thus, we looked in details 
about the PP of  IV antibiotic usage like no other studies reported 
before. The overall proportion of  IV antibiotic usage in our study 
was 47.9% (669/1396). Our study finding was similar to that of  
study from Saudi Arabia (40.6%). (19) Our neighboring countries, 
China and Pakistan reported PP of  IV antibiotic usage as 54.5% 
and 70.6%.[15,16] However, there is much scope of  improvement 
in our institute as Switzerland, Northern Ireland, and Scotland 
have reported PP of  IV antibiotic usage as 23.6%, 20.6%, and 
9.9%, respectively, as mentioned in Table 4.[12,13,18] Though the 
overall PP of  IV antibiotic usage of  our study is 47.92%, the 
actual quarter wise values are 60.7%, 58.4%, 44.9%, and 34.2%, 
respectively, in 1st to 4th quarter of  the study period [Table 1]. 
Though we are approaching to the levels similar to the best in the 
world in overall consumption of  antibiotics, we are far from them 
in consumption of  IV antibiotics which is a matter of  concern.

Third generation cephalosporins are the most frequently IV 
antibiotic used in most studies around the globe. Their proportion 
varies from 40% in China to 28% in Scotland.[13,15] The proportion 
of  usage of  amoxicillin and amoxicillin‑clav is higher in European 
countries (20.3% in Scotland) than that of  our study.[13] The 
usage of  aminoglycosides (14.8%) in our institute is similar to 
that of  Scotland (11.5% of  gentamicin) but higher than that 
Egypt (6%).[13,14] The usage of  piperacillin‑tazobactum is similar 
to Scotland (8.1%) but higher than that of  other Asian countries 
(China‑5%, Pakistan‑3.3%).[15,16] Our use of  carbapenam (6.6%) 
was higher than that of  Egypt (2%) and Switzerland (3%).[12,14] 
The usage of  IV antibiotics (vancomycin and linezolid) for 
severe gram positive infections was 4.1% which was of  similar 
proportion to Switzerland and Egypt (<5%) and much less than 
Scotland (18.6%).[12‑14] Our proportion of  quinolone (4.3%) was 
similar to Switzerland and Egypt (about 5%) but much less than 
that of  other Asian countries like China and Pakistan.[12,14‑16]

There is scanty published literature of  extended PP usage of  
antibiotic except from Italy and Northern Ireland.[18,20] The 
proportion of  usage of  antibiotic (both oral and IV) in 1st quarter 
was 61.7% (95% CI = 55.9–67.3). Our study demonstrates 
a significant shift of  antibiotic usage of  61.79% (oral 1.7% 
and IV 98.2%) initially to 39.08% (oral 12.4% and IV 87.5%) 
at completion of  the study over one year as in Table 1. The 

Table 4: Point prevalence of antibiotic usage in different 
countries

Country Point Prevalence of  
antibiotics among 

hospitalized patient (%)

Point Prevalence of  
IV antibiotic among 

hospitalized patient (%)
Pakistan[16] 77.6 70.6
China[15] 56 54.5
Saudi Arabia[19] 49.1 40.6
Nigeria[17] 80.1 44.8
Switzerland[12] 33 23.6
Ireland[18] 34.4 20.6
Scotland[13] 28 9.9
Egypt[14] 59 Not available
India (present study) 50.9 47.9
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study from Northern Ireland by Al‑Taani et al. (2018) reported 
3 PP antibiotic usages spanning over 5 years.[18] The initial PP 
of  antibiotic usage was 44.1% (oral 37.7% and IV 62.3%) as 
compared to the 3rd PP of  antibiotic usage was 53.6% (oral 
31.3% and IV 68.6%). The study could not establish decrease 
in antibiotic usage over a period of  5 years, but the study 
documented decrease consumption of  oral antibiotics from 
37.7% to 31.4%. The study also demonstrates a rise in usage of  
IV antibiotics from 62.3% to 68.6%. Another study conducted 
over a decade in Italy by Tersigni et al. (2019) did not reveal any 
significant change in antibiotic usage (43% to 40%).[20] This 
is contrary to the expectation that AMSP causes a significant 
decrease in antibiotic usage.

It is imperative to believe that AMSP is a powerful instrument 
to decrease the AMR at country level. However, as evidenced 
by the studies from Italy and Northern Ireland it seems that it is 
difficult to achieve a sustained decrease in antibiotic usage over 
a prolonged period after a baseline decline of  unnecessary and 
nonjudicious antibiotic prescription. The possible causes of  this 
discrepancy might be because of  floating population of  health 
care worker which requires continuous teaching and training to 
adhere to AMSP, hospitalization of  more and more sick patients 
over a period of  time, pressure for prescribing antibiotics by 
internet savvy patients, and the fear of  suing the health care 
system in case of  poor outcome. However, in our study which 
spanned over a year, we observed a significant reduction in 
antibiotic usage although over a shorter time frame of  one year 
than both the earlier studies. The sustainability of  this initial 
positive ] on consumption of  antibiotic would be an exciting 
challenge to be relished over a decade long time.

Conclusion

Antimicrobial resistance (AMR) is a threat to mankind and 
needs immediate attention. Antimicrobial stewardship practices 
are one of  the lowest hanging targets in the perseverance of  
decreasing the AMR. As evidenced in this study, with practice of  
AMSP, the total consumption of  oral and intravenous antibiotic 
consumption decreased from 61% to 39% over one year. The 
total number of  patients on IV antibiotics decreased from 60% 
to 47% and use of  down the ladder oral antibiotics increased 
from 1% to 14% at the end of  the study.

India as a nation is lagging far behind the American and European 
countries in AMSP. Government hospitals of  India are in real 
bad shape than the private sector hospitals. However, the time 
is apt for the government run hospitals to take a lead. This 
study proves that government run hospitals can run low budget 
AMSP with sustainable impact on antibiotic consumption. For 
a successful AMSP, it requires change in attitude, commitment, 
and administrative support rather than a huge financial support. 
Needless to say that with AMSP there will be improvement in 
AMR, reduction in cost of  therapy, and positive impact on the 
environment.
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