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Abstract

Background Inappropriate antibiotic use contributes to the global rise of antibiotic resistance, prominently in low-
and middle-income countries, including India. Despite the considerable risk of surgical site infections, there is a lack
of antibiotic prescribing guidelines and long-term studies about antibiotic prescribing in surgery departments

in India. Therefore, this study aimed to analyse 10 years'antibiotic prescribing trends at surgery departments in two

tertiary-care hospitals in Central India.

Methods Data was prospectively collected from 2008 to 2017 for surgery inpatients in the teaching (TH-15,016)

and the non-teaching hospital (NTH-14,499). Antibiotics were classified based on the World Health Organization
(WHO) Access Watch Reserve system and analysed against the diagnoses and adherence to the National List of Essen-
tial Medicines India (NLEMI) and the WHO Model List of Essential Medicines (WHOMLEM). Total antibiotic use was cal-
culated by DDD/1000 patient days. Time trends of antibiotic prescribing were analysed by polynomial and linear
regressions.

Results The most common indications for surgery were inguinal hernia (TH-12%) and calculus of the kidney and ure-
ter (NTH-13%). The most prescribed antibiotics were fluoroquinolones (TH-20%) and 3rd generation cephalosporins
(NTH-41%), and as antibiotic prophylaxis, norfloxacin (TH-19%) and ceftriaxone (NTH-24%). Access antibiotics were
mostly prescribed (57%) in the TH and Watch antibiotics (66%) in the NTH. Culture and susceptibility tests were sel-
dom done (TH-2%; NTH-1%). Adherence to the NLEMI (TH-80%; NTH-69%) was higher than adherence to the WHOM-
LEM (TH-77%; NTH-66%). Mean DDD/1000 patient days was two times higher in the NTH than in the TH (185 vs

90). Overall antibiotic prescribing significantly increased in the TH (3, =13.7) until 2012, and in the NTH (3, =0.96)

until 2014, and after that decreased (TH, 3,=-0.01; NTH, B5=-0.0005). The proportion of Watch antibiotic use signifi-
cantly increased in both hospitals (TH, 3=0.16; NTH, f=0.96).

Conclusion Total antibiotic use decreased in the last three (NTH) and five years (TH), whereas consumption of Watch
antibiotics increased over 10 years in both hospitals. The choice of perioperative antibiotic prophylaxis was often
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inappropriate and antibiotic prescribing was mostly empirical. The results of this study confirmed the need for antibi-
otic prescribing guidelines and implementation of antimicrobial stewardship programs.

Keywords Antibiotic prescribing trends, AWaRe, Surgery, Private sector hospitals, Teaching hospital, Non-teaching
hospital, Antimicrobial resistance, Essential medicines list, Prophylactic antibiotic, India

Introduction

Antimicrobial resistance (AMR) is a global health threat
that contributes to more than five million deaths every
year worldwide [1]. AMR is primarily driven by the inap-
propriate use of antibiotics, which ultimately leads to a
decrease in their effectiveness and an increased neces-
sity for frequent use of broad-spectrum antibiotics to
treat common infections [1, 2]. Despite rising awareness
of the AMR problem, antibiotic consumption is on the
rise globally. Especially in the low-and middle-income
countries (LMICs), antibiotic consumption continues
to increase, due to still high infectious disease burden,
insufficient vaccination coverage, rising incomes, lower
drug prices, increased access, unregulated prescription
and sales, inadequate infection prevention and control
measures, lack of diagnostic ability and surveillance, and
lack of education and public awareness [2—-5]. India is one
of the biggest antibiotic consumers in the world [2, 4, 6]
and showed the overall greatest increase (103%) in anti-
biotic consumption between 2000 and 2015 among all
LMICs [4]. In 2019, an analysis of aggregate levels of drug
resistance showed that India had the worst drug resist-
ance index among 41 countries, resulting in the lowest
level of antibiotic effectiveness [7].

In 2017, the World Health Organization (WHO) devel-
oped the Access, Watch, and Reserve (AWaRe) Clas-
sification to promote rational use of antibiotics, global
comparison and support local and national policy devel-
opment and antibiotic stewardship efforts [1]. Antibiot-
ics are classified into AWaRe groups, based on their AMR
potential and preference for use. The WHO has set a
target that by 2023 in every country, a minimum of 60%
of all prescribed antibiotics should be from the Access
group [1]. In India, total consumption of Access antibi-
otics decreased by 13% from 2011 to 2019, whereas con-
sumption of Reserve antibiotics increased by 247% [2],
which indicates rising levels of AMR [4].

Despite widespread antibiotic use and advancements in
surgical techniques, surgical site infections (SSIs) remain
a significant cause of morbidity, mortality, and increased
healthcare costs globally [8—10]. SSIs are the most com-
mon healthcare-associated infections that develop due to
contaminated instruments or environment at the health-
care facility within 30 days after surgery or within 90 days
if an implant is left in place; and can involve skin, tissues
under the skin, organs, or implanted material [11-13].

One of the recommended measures to minimize the
risks and consequences of SSIs is the administration of
systemic antibiotics before or during surgery, i.e., perio-
perative antibiotic prophylaxis (PAP) [14, 15]. It is esti-
mated that 30-50% of all antimicrobials in hospitals are
used for PAP [16], up to 60% of surgical patients receive
postoperative antibiotics during hospital stay, and up to
50% are discharged with antibiotics [17]. A significant
proportion of antibiotic prescribing in surgery depart-
ments is reported to be inappropriate, which conse-
quently contributes to AMR in a vicious cycle [16-18].
The most common drivers of inappropriate antibiotic
prescribing are incorrect dose, frequency or duration
of therapy, and use of broad-spectrum antibiotics when
narrow-spectrum would suffice [19, 20]. Reported rea-
sons for inappropriate antibiotic prescribing in surgery
are uncertainty in diagnosis, complex comorbidities, pre-
scriber’s lack of experience or training, unfamiliarity with
local resistance patterns, lack of laboratory capacity, and
mistakes in microbiological results’ interpretation [10].

The incidence of SSIs is considerably higher in LMICs
than in high-income countries [8, 21]. In India, the risk
of acquiring SSI varies largely across the country and
between healthcare facilities and ranges between 1.6%
and 38% [22]. SSI incidence in the study setting was
estimated between 5 and 7.5% in different time peri-
ods and departments (general surgery and orthopaedic
surgery) [23, 24]. Despite the high SSI risk, there is no
national policy nor guidelines for PAP and antibiotic
prescribing in surgery, and antibiotic choices are often
empirical [25, 26].

Ninety-three percent of all hospitals in India belong
to the private sector [27] and it is estimated that up to
90% of total drug consumption occurs in the private sec-
tor health facilities [2]. Yet the research on antibiotic pre-
scribing has mostly been conducted in public hospitals.
Consequently, leading to a knowledge gap in antibiotic
prescribing patterns in the major healthcare sector of
India [28-30]. Thus, it is crucial to estimate the actual
use of antibiotics before planning and implementing anti-
biotic stewardship programs in the private hospitals. Pre-
vious research conducted in private hospitals in Madhya
Pradesh suggested that the most commonly prescribed
antibiotics were broad-spectrum and often prescribed
empirically without a clear indication [28-31]. The WHO
emphasizes on the importance of long-term surveillance
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data for better reliability in developing and implement-
ing antibiotic prescribing policies and antibiotic stew-
ardship programs. However, there was no research done
on long-term antibiotic prescribing trends in surgery
departments in private-sector hospitals in Central India.
Therefore, the present study aims to analyse and present
10-year antibiotic prescribing patterns, trends, and their
appropriateness at group level in surgery departments of
two private sector hospitals in Madhya Pradesh.

Methods

Study setting

The study was conducted in surgery departments of two
tertiary private-sector hospitals: a teaching hospital (TH)
and a non-teaching hospital (NTH) in Ujjain district,
Madhya Pradesh, India. The TH is associated with Rux-
maniben Deepchand Gardi Medical College located on
the outskirts of Ujjain city, with a total of 800 beds and
a capacity of 130 beds at the surgery departments, which
provided healthcare and medicines free of charge at the
time of study. The NTH is a city-based hospital with
a total of 400 beds, out of which 36 beds at the surgery
department, where patients must pay out-of-pocket for
health services and medicines. Both hospitals have func-
tional microbiology laboratories.

Data collection and management

Data was prospectively collected from 2008 to 2017. All
nurses were pre-trained by the same person (MS) for data
collection, and the same paper form and same proce-
dure were used in both hospitals to maintain uniformity.
Paper forms were designed to collect information about
patients’ demographic characteristics, clinical diagnoses,
hospitalization dates, operation status, prescribed antibi-
otics, and, if performed, culture and susceptibility tests.
Regular monitoring and cross-checking of the data col-
lection forms with the patient files were done by same
person (MS) to control the accuracy of the data collec-
tion process.

Data was collected for all patients admitted to the sur-
gery departments in both study hospitals (TH-21,339;
NTH-20,550). Patients below 15 years (TH-1,911; NTH-
451), patients who stayed less than one day in the surgery
departments (TH-842; NTH-2000), those who did not
have complete information about the diagnosis (TH-242;
NTH-0), and those who were not prescribed antibiotics
during the hospital stay (TH-3,328; NTH-3,600) were
excluded from the analysis. Thus, we ended up with the
study population of 15,016 surgical patients in the TH
and 14,499 surgical patients in the NTH, who were pre-
scribed antibiotic(s) during hospital stay.

Antibiotic prescriptions were classified based on
the WHO Anatomical Therapeutic Chemical (ATC)
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Classification. For each antibiotic, a Defined Daily Dose
(DDD) was given, according to the 2023 ATC/DDD
Index by the WHO Collaborating Centre for Drug Sta-
tistics Methodology (WHOCC) [32]. Metric DDD/1000
patient days was used as an indicator of total antibiotic
consumption. Further, antibiotic prescriptions were
checked across the National List of Essential Medicines
of India (NLEMI, 2022) [33] and the WHO Model List of
Essential Medicines (WHOMLEM, 2023) [34]. Addition-
ally, prescribed antibiotics were categorized based on the
AWaRe Classification (2022) [1].

Diagnoses were coded according to the International
Statistical Classification of Diseases and Related Health
Problems-10th Revision (ICD-10, 2016) [35], which was
valid at the time of the study. Prescribed antibiotics were
analysed against the ten most common diagnoses in each
study hospital. For the most common diagnoses in each
hospital, number of operated cases was calculated, and
the respective antibiotic prophylaxis was presented. The
antibiotic prophylaxis information was obtained from
the data about the antibiotics prescribed on the day of
surgery. The appropriateness of antibiotic prescription
was assessed at group level by: i) analysis of the most
prescribed antibiotics against the most common diagno-
ses, ii) analysis of operation status of the most common
diagnoses and the respective antibiotic prophylaxis used
in comparison with the guidelines, iii) estimation of the
median length of antibiotic therapy, iv) assessment of the
frequency of culture and susceptibility testing, v) adher-
ence of prescribed antibiotics to the NLEMI and the
WHOMLEM, and vi) assessment of the proportion of
AWaRe antibiotics used.

Statistical analysis

For categorical variables, frequencies and percentages
were calculated and compared between the two hospitals
by Pearson chi-squared test. For the variables where the
number of sample observations was less than five, Fish-
er’s exact test was used for comparison of frequency and
percentage.

Time series analysis

Time series analysis was used to assess the trends of anti-
biotic use over time. Residual analysis and Wald test were
conducted to check for the linearity of trends. The trends
proved to be quadratic polynomial in the TH and cubic
polynomial in the NTH. Heteroskedasticity test was per-
formed to check for the goodness of fit of the regression
models, and no heteroskedasticity was found. Addition-
ally, Akaike information criteria (AIC) and Bayesian
information criteria (BIC) were calculated to choose the
best model. Therefore, polynomial regression was used to
evaluate the changes in trends of total antibiotic use over
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time. The rate of change by month was given by coeffi-
cients (B, By, B3), defined as the slopes of response over
time. Linear model was chosen as a better fit for the trend
of Access/Watch/Reserve ratio over time, and thus linear
regression was used to analyse the changes in trends,
with a coefficient B representing the rate of change by
month. P-values <0.05 were considered statistically sig-
nificant. Data was analysed using STATA SE version 17.0
(Stata Corp., College Station, TX, USA).

Results
In total, the study population consisted of 29,515 surgi-
cal patients (TH, 15,016; NTH, 14,499, Table 1). In both
hospitals, most patients were male (TH, 78%; NTH,
71%) and below 46 years of age (TH, 53%; NTH, 61%).
Median length of hospital stay was longer in the TH (12
days) than in the NTH (4 days). In both hospitals, the
majority of the patients were prescribed one antibiotic
for five days. Culture and susceptibility tests were rarely
performed (TH, 2%; NTH, 1%). More patients were pre-
scribed antibiotics at discharge in the NTH (50%) com-
pared to the TH (14%, Table 1).

Table 2 shows that in total 257,205 (TH- 178,712;
NTH- 78,493) antibiotic prescriptions were prescribed
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during the study period. Fluoroquinolones (20%) in the
TH and 3% generation cephalosporins (41%) in the NTH
were the most prescribed antibiotic classes, whereas
oral metronidazole (10%) in the TH and ceftriaxone
(16%) in the NTH were the mostly prescribed antibiot-
ics. Adherence to the NLEMI (TH, 80%; NTH, 69%) was
higher than adherence to the WHOMLEM (TH, 77%;
NTH, 66%) in both hospitals. Fixed-dose combinations
(FDCs) of antibiotics were more frequently prescribed
in the NTH (31%) compared to the TH (17%). Most of
the prescribed antibiotics belonged to the Access group
in the TH (57%) and the Watch group in the NTH (66%,
Table 2).

The most common diagnoses for admission and opera-
tion were inguinal hernia (12%) in the TH and calculus of
kidney and ureter (13%) in the NTH, followed by hyper-
plasia of prostate (TH, 9%; NTH, 10%, Table 3). In total,
5,733 patients (38%) were operated in the TH and 7,825
patients (54%) in the NTH. In both hospitals, all oper-
ated patients were prescribed antibiotic prophylaxis. In
the TH, the most prescribed antibiotic prophylaxis was
norfloxacin (19%), followed by lincomycin (15%); while in
the NTH, the most prescribed antibiotic prophylaxis was
ceftriaxone (24%), followed by amikacin (11%, Table 3).

Table 1 Patients'characteristics at surgery departments in the teaching and the non-teaching hospital in Ujjain, India

Patients’ characteristics Teaching hospital Non-teaching hospital P-value
n=15,016 n=14,499
N (%) N (%) X° test
Sex
Male 11,676 (78) 10,344 (71) <0.001
Female 3,340 (22) 4,155 (29) <0.001
Age
15-30 3,950 (27) 4,666 (32) <0.001
31-45 3,933 (26) 4,267 (29) <0.001
46-60 3,973 (27) 2,993 (21) <0.001
>60 3,034 (20) 2,545 (18) <0.001
/A 126 (0) 28 (0) <0.001
Outcome
Discharged 10,316 (69) 13,330(92) <0.001
Shifted to other wards 161 (1) 728 (5) <0.001
Absconded 1,297 (8) 220(2) <0.001
Discharged on request 97 (1) 12 (0) <0.001
Referred to other hospital 3,144 (21) 182 (1) <0.001
Died® 1(0) 27 (0) <0.001
Culture and susceptibility test 261 (2) 106 (1) <0.001
Antibiotic(s) at discharge 2,062 (14) 7,274 (50) <0.001
Number of antibiotic substances per patient, Median 1 1
Length of antibiotic treatment in hospital, days, Median 5 5
Length of hospital stay, days, Median 12 4

? Fisher’s exact test was used instead of the 2 test for comparison of the sample observations
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Table 2 Antibiotic prescription patterns at surgery departments in the teaching and the non-teaching hospital in Ujjain, India

ATC Codes Antibiotic prescriptions Teaching hospital Non-teaching P-value
n=178,712 hospital
N (%) n=78,493
N (%)
JOTAA TETRACYCLINES 10,949 (6) 131 (0) <0.001
JOTAAO02 Doxycycline 10,949 (6) 131 (0) <0.001
JO1CR COMBINATIONS OF PENICILLINS, INCLUDING B- 15,227 (9) 9,999 (13) <0.001
LACTAMASE INHIBITOR
JO1CR0O2 Amoxicillin and B-lactamase inhibitor 8,150 (5) 4868 (6) <0.001
JO1CRO5 Piperacillin and B-lactamase inhibitor 1,592 (1) 4,695 (6) <0.001
JO1DB 1" GENERATION CEPHALOSPORINS 3,968 (2) 1,601 (2) 0.004
J01DC 2" GENERATION CEPHALOSPORINS 1,379 (1) 2,750 (4) <0.001
JO1DD 39 GENERATION CEPHALOSPORINS 26,214 (15) 32,117 (41) <0.001
J01DDO1 Cefotaxime 17,880 (10) 1,509 (2) <0.001
J01DD04 Ceftriaxone 3,093 (2) 12,555 (16) <0.001
J01DD62 Cefoperazone and -lactamase inhibitor 712 (0) 5,083 (7) <0.001
J01DD63 Ceftriaxone and B-lactamase inhibitor 3,450 (2) 7,838 (10) <0.001
JOTEE COMBINATIONS OF SULFONAMIDE AND TRI- 9,481 (5) 28 (0) <0.001
METHOPRIM

JOTFF LINCOSAMIDES 9,863 (6) 340 (0) <0.001
JO1GB OTHER AMINOGLYCOSIDES 27,433 (15) 12,391 (16) 0.005
JO1GBO03 Gentamicin 13,768 (8) 1,596 (2) <0.001
JO1GBO6 Amikacin 13,653 (8) 10,767 (14) <0.001
JOTMA FLUOROQUINOLONES 36,027 (20) 10,632 (14) <0.001
JOTMAO1 Ofloxacin 167 (0) 3,244 (4) <0.001
JOTMAO02 Ciprofloxacin 17,157 (10) 1,978 (3) <0.001
JOTMAO6 Norfloxacin 17,689 (10) 263 (0) <0.001
JOTMA12 Levofloxacin 820 (0) 2,829 (4) <0.001
JOIXD IMIDAZOLE DERIVATIVES 16,725 (9) 6,156 (8) <0.001
JO1XDO1 Metronidazole (IV) 16,725 (9) 6,156 (8) <0.001
POTAB NITROIMIDAZOLE DERIVATIVES 18,307 (10) 222 (0) <0.001
POTABO1 Metronidazole (oral) 18,307 (10) 222 (0) <0.001
Adherence to NLEMI 130,078 (80) 52,802 (69) <0.001
Adherence to WHOMLEM 126,246 (77) 51,018 (66) <0.001
Fixed-dose combinations 29,955 (17) 24,377 (31) <0.001
AWaRe Classification

Access 102,530 (57) 26,407 (34) <0.001

Watch 75472 (42) 51,743 (66) <0.001

Reserve 710(0) 343 (0) 0.147

NLEMI National List of Essential Medicines in India, WHOMLEM World Health Organization Model List of Essential Medicines

Trends of antibiotic prescribing over 10 years

Polynomial trends of total antibiotic consumption over
10 years in both hospitals are shown in Fig. 1. Mean
DDD/1000 patient-days was two times higher in the NTH
(185+56) than in the TH (90+19). In the TH, total antibi-
otic use was significantly increasing (3, =13.7, p<0.001)
until the year 2012, when it reached the peak (1282
DDD/1000 patient-days) and started slowly decreasing
(B, = -0.01, p<0.001). In the NTH, the total antibiotic use
started slightly decreasing (B; = -601.9, p<0.001) until the

year 2009, when it started significantly increasing (B,=
0.96, p<0.001), reached the peak in the year 2014 (3049
DDD/1000 patient-days), and after it continued decreas-
ing (B;=-0.0005, p<0.001) until 2017.

The change in antibiotic prescribing as per AWaRe
classification over time can be seen in Fig. 2. Out of
total DDD/1000 patient-days, the proportion of Access
antibiotics significantly increased over 10 years in the
NTH (p=0.27, p<0.001), while in the TH it did not sig-
nificantly change (f=0.01, p=0.719). The proportion of
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Table 3 Most common diagnoses and their respective treatment at surgery departments in the teaching hospital (3A) and the non-

teaching hospital (3B) in Ujjain, India

A

Teaching hospital, n=15,016, N (%)

Most common diagnoses

Total

Inguinal hernia

Hyperplasia of prostate

Calculus of kidney and ureter

Unspecified appendicitis

Other gastroenteritis and colitis
of infectious and unspecified
origin

Haemorrhoids and perianal
venous thrombosis

Fissure and fistula of anal
and rectal regions

Paralytic ileus and intestinal
obstruction without hernia

Cellulitis

Follicular cysts of skin and sub-
cutaneous tissue

B

1,773 (12)

1,360 (9)

875 (6)

507 (3)

499 (3)

355(2)

341(2)

327(2)

309 (2)

306 (2)

Operated patients Most prescribed antibiotics

n=5,733 (38)
1,366 (9)

722 (5)

395 (3)

223 (1)

17.(1)

32(0)

148 (1)

Non-teaching hospital, n=14,499 (%), N (%)

Most common diagnoses

Total
Calculus of kidney and ureter

Hyperplasia of prostate

1,936 (13)

1,420 (10)

Operated patients

n=7,825 (54)
1526 (11)

1,031 (7)

Total

Lincomycin
Cefotaxime

Total

Norfloxacin
Metronidazole (oral)
Total

Norfloxacin
Metronidazole (oral)
Total

Metronidazole (IV)
Ciprofloxacin

Total

Metronidazole (oral)
Doxycycline

Total

Metronidazole (oral)
Doxycycline

Total

Metronidazole (oral)
Doxycycline

Total

Metronidazole (IV)
Ciprofloxacin

Total

Cefotaxime
Metronidazole (IV)
Total

Cefotaxime

Sulfamethoxazole/ trimetho-
prim

Most prescribed antibiotics

Total
Ceftriaxone
Amikacin
Total
Amikacin

Levofloxacin

N=2,665
536

574
N=1,580
1,055

9
N=1,130
587

108
N=1,036
237

139
N=949
298

253
N=653
263

220
N=624
212

161
N=756
244

161
N=625
116

93
N=381
75

72

N=1,936
451
302
N=1411
236
228

Most prescribed antibiotic
prophylaxis
N=5,733 (38)

Lincomycin
Cefotaxime

Norfloxacin
Cefotaxime

Norfloxacin
Metronidazole (oral)

Metronidazole (IV)
Metronidazole (oral)

Metronidazole (oral)
Cefotaxime

Doxycycline
Metronidazole (oral)

Metronidazole (oral)
Doxycycline

Metronidazole (IV)
Ciprofloxacin

Metronidazole (IV)
Cefotaxime

Sulfamethoxazole/ trimetho-
prim
Lincomycin

Most prescribed antibiotic
prophylaxis
N=7,825 (54)

Ceftriaxone
Amikacin

Amikacin

Levofloxacin

431
267

541
25

249
29

37
37

56

42

37

36

40

35

375
238

203




Skender et al. BMC Public Health (2024) 24:310 Page 7 of 14

Table 3 (continued)

Unspecified appendicitis 672 (5) 486 (3) Total N=672
Cefoperazone and B-lactamase 175 Cefoperazone and B-lactamase 149
inhibitor inhibitor
Metronidazole (IV) 88 Ceftriaxone 58

Inguinal hernia 539 (4) 520 (4) Total N=539
Ceftriaxone 218 Ceftriaxone 214
Amikacin 89 Amikacin 84

Paralytic ileus and intestinal 460 (3) 285 (2) Total N=460

obstruction without hernia Piperacillin and B-lactamase 69 Piperacillin and B-lactamase 50
inhibitor inhibitor
Ceftriaxone 66 Cefoperazone and B-lactamase 43

inhibitor

Acute appendicitis 371(3) 122(1) Total N=371
Metronidazole (IV) 86 Metronidazole (IV) 27
Ceftriaxone and B-lactamase 60 Ceftriaxone 24
inhibitor

Calculus of lower urinary tract 369 (3) 235(2) Total N=369
Amikacin 85 Ceftriaxone 60
Ceftriaxone 69 Amikacin 46

Other abnormal uterine 338(2) 210 (1) Total N=338

and vaginal bleeding Ceftriaxone 77 Cefoperazone and p-lactamase 62

inhibitor

Cefoperazone and B-lactamase 72 Ceftriaxone 40
inhibitor

Cutaneous abscess, furuncle, 263 (2) 238 (2) Total N=261

and carbuncle Ceftriaxone 41 Ceftriaxone 39
Piperacillin and B-lactamase 34 Piperacillin and B-lactamase 32
inhibitor inhibitor

Fever of other and unknown 262 (2) 5(0) Total N=262

origin Ceftriaxone 75 Ceftriaxone 4
Ceftriaxone and -lactamase 73 Moxifloxacin 1
inhibitor

Watch antibiotics significantly increased in both hospi-
tals (TH, p=0.16, p<0.001; NTH, p=0.96, p<0.001), with
the NTH having a 6 times higher rate of increase com-
pared to the TH. The proportion of Reserve antibiot-
ics increased slightly in the TH over 10 years ($=0.01,
p<0.001), whereas in the NTH it did not significantly
change (f=0.005, p=0.316, Fig. 2).

Discussion

This was the first study to our knowledge to assess the
long-term antibiotic prescribing trends at surgery depart-
ments of private-sector hospitals in Central India. Results
of this study show that the most common diagnoses were
inguinal hernia (TH) and calculus of the kidney and ure-
ter (NTH). Most prescribed antibiotic classes were fluo-
roquinolones (TH) and 3™ generation cephalosporins
(NTH). All operated patients were prescribed antibiotic
prophylaxis, mostly norfloxacin (TH) and ceftriaxone
(NTH). In both hospitals, antibiotic prescriptions were

rarely accompanied by culture and susceptibility tests,
and adherence to the NLEMI was higher than adherence
to the WHOMLEM. The majority of prescribed antibi-
otics belonged to the Access group in the TH, and the
Watch group in the NTH. Total antibiotic use was two
times higher in the NTH compared to the TH; showed an
increasing trend until 2012 in the TH, and until 2014 in
the NTH, and after that started decreasing in both hos-
pitals. Nevertheless, the proportion of Watch antibiotic
prescriptions significantly increased in both hospitals
over 10 years.

All patients in this study were prescribed antibiotics
even though antibiotics were largely not indicated for
the observed most common diagnoses. In addition, not
all patients admitted to surgery departments were oper-
ated (TH, 38%; NTH, 54%), so, the main reason for the
prescription of antibiotics was not PAP. Furthermore,
the most common diagnoses in both hospitals- inguinal
hernia, calculus of kidney and ureter, hyperplasia of the
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prostate- do not classify as infectious nor high-risk for
infection. PAP is not recommended for elective ingui-
nal hernia repairs [36]. For benign hyperplasia of the
prostate, the most common surgical procedure is tran-
surethral resection of the prostate (TURP), for which
PAP is indicated in all cases [37]. However, before 2015,
open prostatectomy was commonly performed in the
TH for the treatment of benign hyperplasia of the pros-
tate, which is a more invasive procedure associated with
higher perioperative morbidity, longer hospitalization,
and prolonged recovery [38]. Thus, open prostatectomy
might warrant longer postoperative antibiotic treatment,
though evidence suggests that only one day of post-
operative antibiotic regimen at the time of the catheter

removal is sufficient [39]. In the treatment of calculus of
the kidney and ureter, ureteroscopy is a common, mini-
mally invasive procedure for which risk-adapted minimal
antibiotic usage is recommended, usually in the form of
a single-dose PAP [40]. For removing larger kidney and
ureter stones, percutaneous nephrolithotomy is a com-
monly performed procedure; however, it might cause
postoperative infections such as fever and urosepsis. In
order to prevent postoperative infections, for patients
with negative urine culture- a single dose of PAP is rec-
ommended; for patients with positive urine culture- a
preoperative antibiotic treatment based on the suscepti-
bility pattern of urine culture in duration of seven days
is recommended; and for patients with positive stone
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culture- postoperative antibiotics based on the stone cul-
ture susceptibility pattern are recommended [41]. How-
ever, in our study, very few culture and susceptibility tests
were performed, despite the functional laboratories in
both hospitals. Research shows that surgical patients are
more likely than other patients to receive antibiotics dur-
ing their hospital stay [18]. Antibiotic prescribing with-
out indication was reported as a frequent medical error
in surgery departments [10]. Surgeons often see antibi-
otic prescribing as a necessary intervention, even with-
out any evidence of infection, mainly driven by the fear
of SSIs and to avoid the blame in case of complications
[18, 42]. This practice was reported as the main driver of

inappropriate antibiotic use in the postoperative phase
[18].

In this study, all operated patients were prescribed
antibiotic prophylaxis. However, PAP is not indicated for
all surgeries, i.e., it is not indicated for clean, minor, and
non-prosthetic-associated procedures. PAP should not
be used as a substitute for adequate infection prevention
and control measures and skin preparation techniques
[20]. Nevertheless, surgeons in our study setting often
report poor hygienic conditions of patients, as well as
severe and delayed clinical presentations as the reasons to
always give PAP (personal communication). The selection
of PAP is based on the anatomic region to be operated,
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bactericidal activity, pharmacokinetic and safety pro-
file, ease of administration of the antibiotic agent, local
resistance patterns, and cost [15]. Therefore, a 1% genera-
tion cephalosporin cefazolin is the recommended choice
for PAP for the majority of surgical procedures unless
contraindicated, as it covers the most common causa-
tive pathogens of SSIs, has good pharmacokinetic and
safety profile and is cost-effective [1, 13, 15, 20]. In our
study, however, a fluoroquinolone-norfloxacin (TH) and
a 3" generation cephalosporin- ceftriaxone (NTH) were
mostly used as antibiotic prophylaxis, and cefazolin was
only prescribed in 2% of cases in both hospitals. Surgeons
in the two study hospitals preferred ceftriaxone as PAP
because of the good coverage of gram-positive and gram-
negative bacteria in skin and soft-tissue infections and
in combination with metronidazole for intra-abdominal
infections [43]. Nevertheless, ceftriaxone is not recom-
mended for all skin and soft-tissue infections, but mainly
for moderate non-purulent skin and soft-tissue infections
[44]. Norfloxacin was mainly given as antibiotic prophy-
laxis at the time of admission for urinary tract infections,
which were commonly observed by the surgeons in the
study setting (personal communication). As norfloxacin
comes in oral formulation, it is likely that it was not given
as PAP, but as antibiotic prophylaxis for urinary tract
infections on the day of surgery. In addition, for a major-
ity of surgical procedures, a single dose of intravenous
PAP is adequate. Postoperative administration of anti-
biotics is only required in special cases, e.g. lower limb
amputations and some cardiac and vascular surgeries, for
a maximum duration of 24 hours [15, 20]. In our study,
the median length of antibiotic therapy in both hospitals
was five days and, therefore, was beyond a single dose of
PAP. Extended duration of PAP is frequently reported as
one of the main drivers of inappropriate antibiotic use
in surgery worldwide, which increases the likelihood of
adverse reactions and development of AMR [20, 26, 42].
The most prescribed antibiotic classes were fluoroqui-
nolones in the TH and 3" generation cephalosporins in
the NTH, both belonging to the Watch group of antibiot-
ics. The predominant use of 3™ generation cephalospor-
ins and the increase in consumption of fluoroquinolones
have been noted in all LMICs [4]. In India between 2011
and 2019, the amount of consumed 3¢ generation cepha-
losporins was higher than the combined amounts of 1%
and 2" generation cephalosporins; which resulted in
83% of bacterial isolates being resistant to 3" generation
cephalosporins on the national level in 2019 [2]. Against
the WHO recommendation [1], broad-spectrum 3rd gen-
eration cephalosporins have long been used in India as
a first choice in empiric antibiotic treatment for the res-
piratory tract, skin and soft tissue, and gonococcal infec-
tions, as well as for enteric fever; and have consequently
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become largely ineffective against infections of extended-
spectrum beta-lactamase-producing (ESBL) Enterobac-
teriaceae [3, 4].

Further assessment of appropriateness of antibiotic
prescribing at group level shows somewhat more appro-
priate antibiotic prescribing patterns and trends in the
TH than in the NTH. In the TH, the proportion of pre-
scribed Watch antibiotics and FDCs was lower compared
to the NTH, whereas the adherences to the WHOMLEM
and NLEMI were higher. Additionally, more patients
were operated on and prescribed antibiotics at discharge
in the NTH compared to the TH, despite the fact the hos-
pital stay was significantly shorter in the NTH (4 days)
compared to the TH (12 days). A possible explanation
for this is that the TH provided services free of charge;
whereas in the NTH, patients had to pay for services and
medicines out-of-pocket; therefore, the expectations on
surgery and antibiotic prescription both from the pro-
vider and patient side might be higher. Nevertheless, in
both surgical departments, the antibiotic treatment was
prolonged (5 days) and mostly empirical (<2% culture
and susceptibility tests performed), which may suggest
inappropriate antibiotic use. However, in the absence of
detailed information about patient comorbidities and
postoperative complications of each patient, it is not pos-
sible to fully conclude on the appropriateness of antibi-
otic prescribing. Nonetheless, the misuse of antibiotics is
a known driving force for the development of AMR [1].

In our study, total antibiotic use showed an increas-
ing trend for the first four (TH) to six years (NTH), after
which it started decreasing in both hospitals. This find-
ing is somewhat different from the previous study con-
ducted at the orthopaedic departments in the TH and the
NTH during the same time period, which demonstrated
an overall increasing trend in antibiotic use over 10 years
[24]. In the study conducted by Fazaludeen Koya et al,,
which estimated the private-sector antibiotic consump-
tion in India, the total antibiotic consumption, expressed
by DDD/1000 inhabitants-day, decreased by 3.6%
between 2011 and 2019 [2]. Furthermore, a study from
Western China, also showed a decreasing trend in over-
all antibiotic use in hospitals between 2013 to 2015, pos-
sibly due to the National Antibiotic Stewardship Action
Initiative campaign. However, the antibiotic consump-
tion in hospitals in Western China was higher compared
to the results of our study [45], keeping in mind that our
study focused only on antibiotic use in surgery depart-
ments. In addition, when compared to the total antibi-
otic use in surgery departments in a private hospital in
Indonesia (144.2 DDD/100 bed-days) [42], the results
of our study showed lower mean antibiotic use in sur-
gery departments in both hospitals. Additionally, adher-
ence to NLEMI was higher in both hospitals (TH, 80%;
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NTH, 69%) compared to the reported NLEMI adherence
in India (43.8%), and compared to the reported NLEMI
adherence in Madhya Pradesh (44%) [2]. Furthermore,
the proportion of prescribed FDCs was lower in both
hospitals (TH, 17%; NTH, 31%) compared to the rela-
tively high proportion of FDC prescriptions in Madhya
Pradesh (41.2%), which is among the highest in India [2].

The WHO target of a minimum of 60% Access antibi-
otics of all prescribed antibiotics [1] was not met in our
study. Overall, the TH had 57% of Access antibiotic pre-
scriptions compared to only 34% in the NTH. The pro-
portion of Access antibiotics is higher in the TH and
lower in the NTH compared to the reported Access/
Watch ratio (0.5) in the private sector in Madhya Pradesh
between 2011 and 2019 [2]. In our study, the proportion
of Access antibiotics increased in the NTH between 2008
and 2017, while in the TH it did not change significantly.
The proportion of Watch antibiotics increased in both
hospitals; whereas the proportion of Reserve antibiotics
increased slightly in the TH, while in the NTH it did not
change significantly. In comparison, when looking into
the private sector consumption in India between 2011
and 2019, the reported consumption of Access antibiot-
ics decreased by 13%, of Watch antibiotics increased by
4%, and of Reserve antibiotics increased by 247% [2].
Although direct comparison of levels of change is diffi-
cult between the two studies due to the different methods
of analysis used, we can observe that the trend of increase
in consumption of Watch antibiotics in our study is con-
sistent with the overall trend in India. Furthermore, the
proportion of consumed Reserve antibiotics between
2011 and 2019 in India remained approximately 1% [2],
which is similar to the proportion of consumed Reserve
antibiotics in our study (<1%). It has to be noted, how-
ever, that the WHO target of 60% of Access antibiotics
refers to the overall antibiotic use at a country level [1],
whereas our study setting is limited to two tertiary-care
hospitals, and the use of Watch antibiotics is expected to
be higher in the tertiary-care settings compared to the
primary-care settings.

One of the biggest strengths of the present study is the
long duration and a large sample size, which can be con-
sidered representative for the surgical patients in Central
India. The data collection process was prospective, and
the same data collection tool was used in both hospitals,
training and monitoring was done by the same person
to maintain the uniformity and enable the comparison.
The study used the ATC/DDD system, which is the rec-
ommended method for the comparison of antibiotic use
between healthcare settings. However, this method gives
only one DDD per drug, while the recommended dose
can differ based on age, type, and severity of diagnosis
[32]. Additionally, DDDs can change over time, which
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can complicate the comparison of trends in antibiotic use
over longer periods of time. Furthermore, although the
latest versions of essential medicines lists (2022 NLEMI,
2023 WHOMLEM) were not applicable at the time of
the study, they were used alongside AWaRe classification
for the analysis of antibiotic prescribing to make it more
relevant to present-day and comparable with the current
recommendations.

One of the limitations of the manual data collection
was the possibility of missing and incorrectly entered
data. However, the utilization of nurses working in the
department, for data collection is a novel concept which
can be replicated at other similar settings that do not
have computerized data entry system. The data collec-
tion form was not designed to collect information about
PAP exclusively, therefore, antibiotic prescribed on the
day of surgery was considered as PAP for analysis, that
can be an underestimation. In addition, information
about the culture and susceptibility tests started to be
collected from 2011, approximately three years after the
beginning of the study, therefore, it is possibly lowballed.
Additionally, the diagnoses in this study were analysed at
a category level, whereas analysis of the individual diag-
noses, as well as more detailed information about the
type of wound and surgery, associated patient and surgi-
cal risk factors, skin preparation, timing and duration of
PAP, and postoperative complications would have been
necessary to fully assess the appropriateness of antibiotic
prescribing. Therefore, the appropriateness of antibiotic
prescribing could only be partially assessed in this study.

Public health implications
Clinical practice recommendations

« Development and implementation of antibiotic pre-
scribing and PAP guidelines in surgery departments
based on local resistance patterns.

+ Performance of culture and susceptibility tests when
appropriate to establish local resistance patterns and
AMR burden in the study setting.

Future research

Identification of the underlying reasons for the observed
antibiotic prescribing practices, the understanding of
which will help in the design of targeted interventions.

Antimicrobial stewardship program policy

+ Development and implementation of multidis-
ciplinary antimicrobial stewardship programs in
both hospitals, as they demonstrated a significant
improvement in antibiotic prescribing practices
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and reduction of healthcare-associated infections
[20, 46].

+ Active surveillance in the form of frequent audits and
feedback to all healthcare staff involved in periopera-
tive and postoperative care, to improve patient out-
comes and reduce healthcare costs and AMR [17].

Conclusion

Total antibiotic prescribing increased until 2012 in the
TH and 2014 in the NTH, after which it started decreas-
ing in both hospitals until 2017. Consumption of Watch
antibiotics increased over 10 years in both hospitals.
Antibiotic prophylaxis was prescribed to all operated
patients, although it is not indicated for every surgery,
and the observed most common diagnoses were not
high-risk nor infectious. Most prescribed antibiotic
prophylaxes were norfloxacin and ceftriaxone, contrary
to the internationally recommended PAP standard cefa-
zolin. Antibiotic prescriptions were largely empirical. The
results of this study suggest the need to perform culture
and susceptibility tests whenever appropriate in order
to establish local resistance patterns. There is a pressing
need for the development and implementation of antibi-
otic prescribing and PAP guidelines in surgery based on
local resistance patterns, as well as antimicrobial stew-
ardship programs in both hospitals.
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