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Abstract

Background Surveillance of antimicrobial consumption helps to understand the pattern of antibiotic utilisation and
plays an essential role in tackling antimicrobial resistance. However, a lack of an established surveillance system is a
major challenge in combating antimicrobial resistance in low- and middle-income countries (LMICs). This study aimed
to determine the pattern of systemic antibiotic consumption at the Teaching Hospital, Jaffna, using the World Health
Organization (WHO) methodology for surveillance of antimicrobial consumption.

Methods A descriptive study of systemic antibiotic consumption was conducted at the Teaching Hospital, Jaffna,
from 2018 to 2022. Supply data were analysed using the Anatomical Therapeutic Chemical (ATC)/defined daily

dose (DDD) methodology. Antibiotic consumption volume was expressed in DDD, while outpatient and inpatient
consumption rates were expressed as DDD/100 patients and DDD/100 admissions, respectively. The AWaRe (Access,
Watch, and Reserve) classification and Drug Utilisation-90% (DU90%) were used to assess consumption patterns.
Trends were assessed using curve estimation analysis. The Wilcoxon signed-rank test and Friedman test were
performed to determine the significance of changes between years and over five years, respectively. A p value <0.05
was considered statistically significant.

Results Compared with 2018, overall antibiotic consumption showed a declining trend except in 2019. Oral
antibiotics accounted for more than 80% of total consumption, and amoxicillin/clavulanic acid remained the most
commonly consumed antibiotic. Access antibiotics accounted for over 70% of total consumption, with an Access-
to-Watch ratio > 2 throughout the study period. The DU90% segment remained largely consistent, comprising 11-12
antibiotics. Curve estimation analysis showed non-linear trends in Access and Watch antibiotic consumption. Despite
the decline in total antibiotic consumption, the inpatient antibiotic consumption significantly increased in 2021
compared with 2020 (p <0.001).

Conclusion Analysis of antibiotic supply data showed that the overall pattern of antibiotic consumption remained
consistent over a five-year period despite the changes that occurred during the COVID-19 pandemic. Establishing
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routine monitoring of antibiotic consumption using available data sources in hospitals provides basic information and
insights into the problems. These findings could help to plan strategies to improve the antibiotic utilisation in LMICs.

Keywords Antibiotic consumption, ATC/DDD methodology, AwaRe, DU90%

Background

Antimicrobial resistance (AMR) is an urgent global
health issue causing public health as well as socioeco-
nomic problems [1, 2]. Antimicrobial resistance makes
the treatment of infections less effective and may prolong
the illness and increase mortality. Furthermore, infec-
tions with resistant organisms increase the cost of treat-
ment, as they require additional investigations, a longer
duration of treatment or hospital stay, and more expen-
sive medicines [3, 4]. Inappropriate use of antibiotics is
the major driver of AMR [2]. It is well documented that
global consumption of antibiotics is on the rise, particu-
larly in the low- and middle-income countries (LMICs).
The use of broad-spectrum and last resort antibiotics has
also increased [2, 3, 5-7]. Furthermore, the COVID-19
pandemic influenced the pattern of antibiotic consump-
tion. Several studies reported an increase in antibiotic
use during the pandemic, particularly among antibiotics
belonging to the Watch group [7-9]. As the development
of AMR is strongly associated with the level of antibi-
otic use, optimising antibiotic use will reduce the risk of
developing bacterial resistance [1, 10]. The major barriers
for optimising the use of antibiotics in LMICs are lack of
surveillance capacity and comprehensive evidence-based
guidance [6, 11]. The World Health Organization (WHO)
launched the methodology for a global programme on
surveillance of antimicrobial consumption (AMC) in
2016 to provide a global platform to monitor AMC and
introduced the Access, Watch and Reserve (AWaRe) cat-
egorisation of antibiotics in 2017 with the aim of optimis-
ing the use of antibiotics. The WHO has set a target of at
least 60% of the antibiotic consumption from the Access
group by 2023 [3, 11, 12].

Sri Lanka, a lower-middle-income South Asian nation,
has shown a higher rate of consumption of broad-
spectrum antibiotics [13, 14]. In line with the WHO’s
Global Action Plan on AMR, Sri Lanka has launched
the National Strategic Plan (NAP) for Combating AMR
in 2017 [15]. Though NAP includes surveillance of anti-
biotic utilisation, a sustainable system for surveillance
of AMC is lacking in Sri Lanka [14, 16]. Surveillance of
AMC at the national, regional, and hospital levels pro-
vides a better understanding of the pattern of AMC. As
the density of antibiotic use in hospital settings is higher,
the surveillance of antibiotic consumption in hospitals
plays an essential role in antibiotic stewardship. Monitor-
ing antibiotic consumption at the hospital level helps to
plan and monitor the interventions to optimise antibiotic
use at the institutional level [17]. Antibiotic consumption

data is derived from aggregated data sources, which are
often easily accessible. Though these sources do not pro-
vide patient-level information, consumption data serves
as a proxy estimate of the antibiotic use and helps to
understand the pattern of antibiotic consumption [3,
18]. Antimicrobial consumption was quantified using
two key metrics: the volume of consumption, expressed
in defined daily doses (DDD), and the consumption rate
(consumption density). The consumption rate is a stan-
dardised measure that accounts for hospital activity
indicators such as admissions, discharges, bed-days, and
outpatient visits and is commonly reported as DDD per
100 admissions or DDD per 100 patients [17, 19].

This study aimed to evaluate the pattern of systemic
antibiotic consumption over a period of five years at the
Teaching Hospital, Jaffna, which is the largest tertiary
care hospital in the Northern Province of Sri Lanka. The
findings of this study would help to determine the trends
and patterns of antibiotic consumption at the Teaching
Hospital, Jaffna.

Methods

Study design and setting

This was a descriptive study of antibiotic consumption at
the Teaching Hospital, Jaffna, over a period of five years
from 2018 to 2022, following the STROBE statement
(Supplementary file 5). The Teaching Hospital, Jaftna, is a
public-sector tertiary care hospital that provides primary,
secondary, and a wide range of specialised care to the
public. Like all other public sector healthcare facilities in
Sri Lanka, the Teaching Hospital, Jaffna, also delivers the
services to the public free of charge [20]. We analysed the
consumption of systemic antibiotics at the Teaching Hos-
pital, Jaffna, using the WHO methodology for surveil-
lance of antimicrobial consumption [17, 18].

Inclusion and exclusion criteria

The JO1 group (antibacterials for systemic use) of the
Anatomical Therapeutic Chemical (ATC) classification
consumed at the Teaching Hospital, Jaffna, from 2018
to 2022 was analysed in this study. The analysis included
systemic antibiotics administered via oral and parenteral
routes. Parenteral antibiotics included intravenous, intra-
muscular and subcutaneous formulations. Antitubercu-
losis and antileprosy medicines were excluded.

Data source and data collection
We obtained the supply data of antibiotics from the phar-
macy store database of the Teaching Hospital, Jaffna.



Guruparan et al. BMC Pharmacology and Toxicology (2026) 27:104

The hospital pharmacy store is the central point of the
pharmacy network of the institution. Supply data was
the record of the items issued by the pharmacy store to
the internal pharmacies, namely the indoor pharmacy,
the outpatient pharmacy, and the clinic pharmacy. The
indoor pharmacy supplies the inpatient units, includ-
ing wards, intensive care units, and operating theatres.
The outpatient pharmacy and clinic pharmacy dispense
the medicines to the outpatients who visit the outpa-
tient department (OPD) and monthly follow-up clinics,
respectively. We extracted the information on antimi-
crobial supply to the internal pharmacies for a period
of five years from 2018 to 2022 using the WHO tem-
plate for data collection and calculation of antimicrobial
consumption estimates [17]. The first author had cross-
checked the extracted data to ensure that all the relevant
supply data were accurately extracted from the database.

Metrics for the quantification of antibiotic consumption

In this study the metrics used to quantify the antibiotic
consumption were consumption volume and consump-
tion rate [17, 19, 21]. Consumption volume and con-
sumption rate were calculated for each year for each
antibiotic product. We extracted the supply data of anti-
biotics in the JO1 group (antibacterials for systemic use)
of the ATC classification [22] from the hospital pharmacy
database. The amount of each antibiotic at ATC level 5
was consolidated for each year in grams. The consump-
tion volume of antibiotics was expressed in defined daily
doses (DDD). The number of DDDs was calculated using
the ATC/DDD system of the WHO Collaborating Cen-
tre for Drug Statistics Methodology (WHO CC) [17] as
follows:

Number of DDD
Total number of gramsof the
antibiotic concumed in a year

~ DDDvalue of the antibioticin
grams assignedby WHO CC

The number of outpatients who visited the OPD and
clinic for the year was the outpatient hospital activity
indicator (denominator) for the calculation of the out-
patient antibiotic consumption rate. The number of out-
patients for each year was obtained from the outpatient
registry and the clinic registry. Outpatient antibiotic con-
sumption rate was expressed in DDD/100 patients [17,
19], which was calculated as follows:

Cosumption rate

Number of DDD of the antibiotic
fortheyear x 100

~ Number of outpatients for the year
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In this study, the hospital activity indicator for inpa-
tients (denominator) was the number of admissions. The
number of admissions for each year was obtained from
the hospital admission registry. Inpatient antibiotic con-
sumption rate was expressed in DDD/100 admissions
[17, 19], which was calculated as follows:

Cosumption rate

Number of DDD of the antibiotic
fortheyear x 100

~ Number of admissions for the year

Methods used to assess the pattern of antibiotic
consumption

AWaRe classification of antibiotics The WHO AWaRe
(Access, Watch, and Reserve) classification was used to
determine the pattern of antibiotic consumption [3, 17].
The antibiotics were classified into Access, Watch and
Reserve groups as per the 2021 WHO classification [23].
Antibiotics that were not categorised in the AWaRe clas-
sification were reported as “Other” We have used the
Access-to-Watch ratio to determine the pattern of antibi-
otic consumption.

Drug Utilisation-90% (DU90%) The DU90% is a method
used to assess the pattern of drug utilisation. The DU90%
segment represents the number of drugs that account for
90% of the total consumption [17, 24, 25]. To determine
the DU90%, antibiotics were ranked at the ATC level 5
according to the volume of consumption, and the antibiot-
ics that accounted for 90% of the total consumption were
identified for each year. The number of AWaRe antibiotics
contributed to DU90% segments being determined.

Data analysis

Results were summarised in DDD, percentage, mean, and
standard deviation (SD). An Access-to-Watch ratio>2
and a greater number of Access antibiotics in the DU90%
segment were considered desirable antibiotic consump-
tion. Percent change was used to describe the changes
in the consumption of total, Access, and Watch anti-
biotics over a period of five years, taking 2018 values as
baseline. The Wilcoxon signed-rank test and Friedman
test were performed to determine the significance of
changes between years and over a period of five years,
respectively. A p value<0.05 was considered statistically
significant. Curve estimation analysis was carried out to
determine the trend of antibiotic consumption. Sensi-
tivity analysis of antibiotic consumption was performed
by comparing consecutive years. Sensitivity ratios for
Access, Watch, and total antibiotic consumption were
calculated separately for outpatient and inpatient set-
tings. The sensitivity ratios were calculated based on the
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percentage change in hospital activity (outpatient visits
or admissions) and the corresponding percentage change
in antibiotic consumption for each period using the fol-
lowing formula:

Sensitivity ratio
Percent change in
antibiotc concumption

"~ Percent chenge in outpatient
visits or admissions

As the Reserve and other category antibiotics contrib-
uted to less than 1% of the total antibiotic consumption,
they were excluded from the analysis of changes over a
period of time. This approach was adopted to ensure that
the analysis focused on categories with sufficient volume
to meaningfully assess changes over time.

Approvals

Approval was obtained from the Ethics Review Commit-
tee, Faculty of Medicine, University of Jaffna, Sri Lanka
(J/JERC/22/134/NDR/0273), and administrative approv-
als were obtained from relevant authorities. We collected
secondary data from the pharmacy store database of the
Teaching Hospital, Jaftna, and we did not collect any
information from patients.

Results

Background information

We analysed the consumption of systemic antibiotics at
the Teaching Hospital Jaffna from 2018 to 2022. During
this period, a total of forty-two antibiotic products (ATC
level 5) were consumed. The number of oral, parenteral,
and AWaRe categories of antibiotics was almost consis-
tent throughout the five-year period (Table 1).

Table 1 Background information
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Volume of antibiotic consumption
Table 2 shows the volume of consumption of antibiotics
in DDD. More than two-thirds of the volume was con-
sumed in the OPD and clinics. Oral antibiotics contrib-
uted to more than 80% of the total volume. Almost all
the antibiotics consumed in the OPD and clinics were
oral antibiotics, and almost all the parenteral antibiotics
were consumed by the inpatient units. Consumption of
oral (45% -50%) and parenteral (50% —55%) antibiotics
was almost equal in inpatient units. The majority of anti-
biotics belonged to the Access group (69% -78%), and
the Watch group accounted for less than one-third (22%
—31%) of the total volume. A drop in antibiotic consump-
tion was observed in 2020 and 2021. The change in the
volume of consumption over a period of five years was
significant for oral antibiotics (p=0.0497) but not for
total (p =0.540) or parenteral (p =0.412) antibiotics.
When considering the antibiotic subgroups, penicil-
lins were the most consumed subgroup, and beta-lactam
antibiotics contributed to almost two-thirds (60% — 66%)
of the antibiotic consumption throughout the five-year
period (Table 3).

Trend of antibiotic consumption

There was a progressive increase in the consumption of
the Access group up to 2021, and a drop was observed
in 2021. Reciprocal changes were observed in the con-
sumption of the Watch group (Fig. 1A). Curve estima-
tion analysis indicated a non-linear trend (dotted lines)
in the consumption of Access (linear R*=0.003, qua-
dratic R?=0.46) and Watch (linear R?=0.0003, quadratic
R?=0.44) group antibiotics over a five-year period. The
Access-to-Watch ratio was >2 (ranged between 2.3 and
3.6) in all five years. When compared to 2018, total anti-
biotic consumption had dropped except in 2019. Changes
in the Access group were not consistent, whereas con-
sumption of Watch group had declined (Fig. 1B).

Description 2018 2019 2020 2021 2022
Number of outpatient visits 640,267 631,563 433,214 303,767 358,735
Number of admissions 87,224 122,143 102,972 86,587 136,073
Number of antibiotics consumed (ATC level 5) 39 41 39 39 37
Access antibiotics 16 16 15 16 15
Watch antibiotics 18 19 18 17 16
Reserve antibiotics 01 02 02 02 02
Other antibiotics 04 04 04 04 04
Number of oral antibiotics 24 24 23 23 22
Outpatients 20 21 21 19 21
Inpatients 23 24 20 22 21
Number of parenteral antibiotics 27 29 27 27 26
Outpatients 02 10 1 0 10
Inpatients 27 29 27 27 26

ATC, Anatomic Therapeutic Classification
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Table 2 \Volume of consumption of antibiotics in Defined Daily Dose
Description DDD n (%)
2018 2019 2020 2021 2022
Total consumption 1212995.8 13013992 (100.0) 1119255.9 (100.0) 9542648 (100.0) 1124770.3 (100.0)
(100.0)
Outpatients 9144453 969503.6 (74.5) 8470824 (75.7) 665108.2 (69.7) 787523.8 (70.0)
(754)
Inpatients 2985504 (24.6) 331895.6 (25.5) 2721735 (24.3) 289156.6 (30.3) 337246.5 (30.0)
Oral antibiotics 1054708.6 (87.0) 11337289 968512.5 799450.5 951096.7
(87.1) (86.5) (83.8) (84.6)
Outpatients 913760.3 966543.24 847070.8 665108.2 7849532
(75.3) (74.3) (75.7) (69.7) (69.8)
Inpatients 1409482 16718567 1214417 1343423 1661435
(11.6) (12.8) (10.9) (14.1) (14.8)
Parenteral antibiotics 158287.2 167670.3 150743.5 154814.3 173673.6
(13.0) (12.9) (13.5) (16.2) (15.4)
Outpatient 635.0 29604 1.7 00 25706
0.1 0.2) (0.001) (0.0) 0.2)
Inpatients 157602.2 164709.9 150731.8 154814.3 171103.0
(13.0) (12.7) (13.5) (16.2) (15.2)
Assess groups 840162.7 960028.2 8720195 660706.0 797379.9
(69.3) (73.8) (77.9) (69.2) (70.9)
Watch groups 3703303 3372938 2418139 287445.0 3174564
(30.5) (25.9) (21.6) (30.1) (28.2)
Reserve groups 67.5 183.9 423.1 298.8 140.8
0.01) 001) (0.04) (0.03) 001)
Other antibiotics 24353 38934 49995 5815.0 97932
(0.20) (0.30) (0.45) (0.61) (0.87)
DDD, defined daily dose
Table 3 Consumption of different classes of antibiotics over a period of five years
ATC code Subgroup of antibiotics at ATC level 3 DDD n (%)
2018 2019 2020 2021 2022
JOTA Tetracyclines 88700.0 (7.3) 99000.0 (7.6) 88400.0 (7.9) 61900.0 (6.5) 74400.0 (6.6)
JO1B Amphenicols 0.7 83 0.0 0.0 0.0
(<0.001) (<0.001) (0.0) (0.0) (0.0)
Jo1C Beta-lactam antibacterials, penicillins 510921.1 (42.1) 6743309 (51.8) 612917.2(54.8) 4302039 (45.1) 522189.6 (46.4)
JO1D Other beta-lactam antibacterials 2143015(17.7) 1816988 (14.0)  124689.1 (11.1)  140060.3 (14.7)  158413.6 (14.1)
JO1E Sulfonamides and trimethoprim 52000.0 (4.3) 29000.0 (2.2) 53000.0 (4.8) 67002.5 (7.0) 82000.0 (7.3)
JOTF Macrolides, lincosamides and streptogramins ~ 119394.2 (9.8) 119087.9 (9.2) 69691.1 (6.2) 87183.2(9.1) 107694.0 (9.6)
J01G Aminoglycoside antibacterials 30514 (0.3) 3345.4(0.3) 44526 (0.4) 5920.1 (0.6) 73783 (0.6)
JOIM Quinolone antibacterials 83507.0 (6.9) 72119.5 (5.5) 68519.5 (6.1) 78011.5(8.2) 917985 (8.2)
JO1X Other antibacterials 1411200 (11.6) 1228084 (9.4) 97586.4 (8.7) 83983.3 (8.8) 80896.3 (7.2)

ATC, Anatomic Therapeutic Classification, DDD, defined daily dose

A significant reduction (p<0.001) in the consumption
of the Access group was observed in 2021 compared to
baseline (2018). Changes observed in the Watch group
were not statistically significant.

Table 4 presents the sensitivity analysis of antibiotic
consumption over a period of five years. In the pre-
COVID-19 year (2019), a slight reduction (-1%) in OPD
visits was observed, while the consumption of the Access
group increased by 13.7%. In contrast, the consump-
tion of the Watch group decreased by (-15.4%). Among
inpatients during the pre-COVID-19 period, both admis-
sions and antibiotic consumption increased; however, the

increase in admissions (40%) was substantially greater
than the increase in antibiotic consumption (11.2%).
Changes in antibiotic consumption during the COVID-
19 pandemic (2020 and 2021) were inconsistent. During
the early COVID-19 period (2020), marked reductions in
OPD visits (-31.4%), admissions (-15.7%), and total anti-
biotic consumption (-12.6%) were observed. The reduc-
tion was greater for the Watch group (-37.6%) than for
the Access group (-5.5%). This pattern changed in the
second COVID-19-year (2021), when further reduc-
tions were observed in OPD visits (-29.9%), admissions
(-15.9%), and the consumption of the Access group in
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Fig. 1 Trend of consumption of antibiotics over a period of five years

both outpatient (-28.3%) and inpatient (-8.3%) settings.
In contrast, Watch group consumption increased with
a greater increase among inpatients (39.4%) than outpa-
tients (8.0%).

In the post-COVID-19 year (2022), OPD visits and
admissions increased by 18.1% and 57.2%, respectively.
A corresponding increase in antibiotic consumption was
also observed. The increase was more pronounced for

2020 2021 2022

M Access ® Watch

the Access group than Watch group in both outpatient
(22.2% vs. 13.2%) and inpatient (21.1% vs. 5.5%) settings.

DU 90% segment antibiotics

Eleven to twelve antibiotics (ATC level 5) accounted for
90% of the consumption each year. Over the period of
five years, a total of 14 different antibiotic products con-
tributed to 90% of the antibiotic consumption (Fig. 2). Of
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Table 4 Sensitivity analysis of antibiotic consumption over a period of five years
Periods compared %A visits/ admission Access group Watch group Total
%A SR %A SR %A SR
Outpatients (visits)
2018 and 2019 -14 13.7 -10.1 -154 114 6.0 44
2019 and 2020 -314 -10.1 03 -222 0.7 -126 04
2020 and 2021 -29.9 -283 0.9 8.0 -0.3 -21.5 0.7
2021 and 2022 18.1 20.2 1.1 132 0.7 184 1.0
Inpatients (admissions)
2018 and 2019 40.0 16.6 04 3.1 0.1 11.2 03
2019 and 2020 -15.7 -55 04 -37.6 24 -180 1.1
2020 and 2021 -159 -89 0.6 394 -2.5 6.2 04
2021 and 2022 57.2 22.1 04 6.5 0.1 16.6 03

%A, percent change, SR, sensitivity ration

them, the majority were Access group antibiotics (2=9),
and the rest were Watch group antibiotics (#=5). Amoxi-
cillin/clavulanic acid was the most commonly consumed
antibiotic throughout the five-year period.

Figure 3 shows the cumulative change of DU90% seg-
ment antibiotics over the five-year period. Among the 14
antibiotics that contributed to 90% of the consumption, a
net increase in consumption was observed in six antibiot-
ics, and a net reduction was observed in eight antibiotics
(Fig. 3). Of the six antibiotics that showed a net increase,
four belonged to the Access group and two belonged to
the Watch group. Flucloxacillin showed the highest net
increase (56175 DDD). Among the eight antibiotics that
showed net reduction, five were Access group antibiot-
ics and three were Watch group antibiotics. The highest
reduction was observed in amoxicillin (-66487 DDD).

The top five antibiotics with the highest mean con-
sumption rates in outpatient units were amoxicillin/cla-
vulanic acid, flucloxacillin, amoxicillin, cefuroxime, and
doxycycline, and those of inpatient units were amoxicil-
lin/clavulanic acid, metronidazole, cefuroxime, azithro-
mycin, and flucloxacillin. Amoxicillin/clavulanic acid had
the highest consumption rate throughout the five years in
both outpatients and inpatients. A progressive increase
in the rate of consumption of amoxicillin/clavulanic
acid in outpatient units from 38.0 DDD/100 patients
per day (2018) to 67.2 DDD/100 patients per day (2022)
was observed. The changes in the rate of consumption of
amoxicillin/clavulanic acid in inpatient units were incon-
sistent, and the highest rate (81.1 DDD/100 admissions
per day) was observed in 2021, and the lowest rate (57.6
DDD/100 admissions per day) was observed in 2019.

Antibiotic consumption rates

Figure 4 shows the consumption rates of total, Access,
and Watch antibiotics for outpatients and inpatients with
nonlinear trendlines indicated by dotted lines. Curve
estimate analysis of antibiotic consumption rate of out-
patients showed that the quadratic model fitted slightly

better than the linear model for total (R%, 0.94 vs. 0.92),
Access (R?%, 0.86 vs. 0.95), and Watch (R?, 0.74 vs. 0.67)
antibiotics. Similarly, the quadratic model showed a
slightly better fit than the linear model among the inpa-
tients for total (R% 0.23 vs. 0.21), Access (R? 0.19 vs.
0.16), and Watch (R?, 0.37 vs. 0.25) antibiotics.

Outpatient antibiotic consumption rate

Mean outpatient antibiotic consumption was 186.1 +32.3
DDD/100 patients, while the mean consumption rate
of oral antibiotics was 185.8+32.3 DDD/100 patients,
accounting for 99.9% of the total consumption. Mean
consumption rates of Access and Watch antibiotics
were 142.7+24.6 DDD/100 patients per day (77%) and
43.2+9.8 DDD/100 patients (23%), respectively. Total
and oral antibiotic consumption rates in outpatients
showed a progressive increase over the five-year study
period (Fig. 4). However, the difference in antibiotic con-
sumption between 2021 (219 DDD/100 patients) and
2022 (220 DDD/100 patients) was minimal. Changes in
outpatient antibiotic consumption rates between consec-
utive years were not statistically significant.

Inpatient antibiotic consumption rate

The mean inpatient antibiotic consumption rate was
292.0 £ 38.4 DDD/100 admissions. The mean consump-
tion rate of oral antibiotics was 138.7+17.3 DDD/100
admissions (48% of the total consumption rate), while
that of parenteral antibiotics was 153.3+22.6 DDD/100
admissions (52% of the total consumption rate). Mean
consumption rates of Access and Watch group antibi-
otics were 174.1+17.1 DDD/100 admissions (60%) and
113.3+£25.6 DDD/100 admissions (39%), respectively. A
declining trend was observed in the total inpatient anti-
biotic consumption rate except in 2021 (Fig. 4). Signifi-
cant changes in inpatient antibiotic consumption rates
between consecutive years were observed in 2018/2019
(p=0.015), 2020/2021 (p<0.001), and 2021/2022
(p=0.004).
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Discussion

This paper describes the quantity and patterns of antibi-
otic consumption at the Teaching Hospital, Jaffna, a ter-
tiary care hospital that provides a wide range of patient
care, from primary to specialised, with around five hun-
dred thousand outpatients and one hundred thousand
inpatients annually. Overall, total antibiotic consumption

remained relatively stable over the five-year period
from 2018 to 2022. However, the findings also highlight
notable shifts in consumption patterns associated with
the COVID-19 pandemic and the concurrent economic
crisis, such as an increase in the use of certain antibiot-
ics to treat COVID-19-related infections and a decrease
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in elective procedures that typically require antibiotic
prophylaxis.

Findings of this study have shown inconsistent changes
in the volume of antibiotic consumption, with the high-
est consumption in 2019 and the lowest consumption
in 2021. When considering the consecutive years, a
decreasing trend in the total volume of antibiotic con-
sumption was observed in 2020 and 2021. A similar find-
ing was reported in a study that described the antibiotic
consumption over a period of six years (2016 to 2021) in
a secondary healthcare facility in Ghana [19]. The study
period included the years affected by the COVID-19

pandemic, which may have influenced antibiotic con-
sumption patterns at the Teaching Hospital, Jaffna. A
reduction in outpatient visits and hospital admissions
during the pandemic period may have contributed to the
decline in the overall volume of antibiotic consumption
observed in 2020 and 2021. However, despite the reduc-
tion in total consumption volume, the inpatient antibiotic
consumption rate increased in 2021, possibly reflect-
ing the admission of patients with more severe illnesses
who required prolonged hospitalisation and antibiotic
therapy during the pandemic. Reduction in outpatient
visits and hospital admissions during the COVID-19
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pandemic could be the reason for the decline in the vol-
ume of antibiotic consumption in 2020 and 2021. How-
ever, we observed a significant increase in the antibiotic
consumption rate in 2021 among inpatients. An increase
in the antibiotic consumption rate, despite the reduction
in the overall volume of antibiotic consumption, was also
reported in primary and secondary healthcare settings in
England during the COVID-19 pandemic [9]. During the
COVID-19 pandemic, patients who needed hospitalisa-
tion were more likely to have severe diseases compared
to previous years, which could explain the increased
antibiotic consumption rate [26]. These findings indicate
a shift in the characteristics of hospitalised patients dur-
ing the pandemic toward more severe conditions, leading
to a longer duration of antibiotic therapy rather than a
higher number of patients treated with antibiotics in the
pre-pandemic period [8]. In contrast to the progressive
change observed in outpatient antibiotic consumption
rates, the inconsistencies observed in inpatient antibiotic
consumption rates also support our claim about changes
in hospitalised patients’ characteristics. However, find-
ings from other studies on the impact of COVID-19 on
hospital antibiotic consumption rates were inconsistent
[26-30]. Another observation in our study was a reduc-
tion in the volume of antibiotic consumption in 2022
compared to the pre-COVID-19 period (2018 and 2019).
We have also found a significant decline in the antibiotic
consumption rate in 2022 compared to 2021. The eco-
nomic crisis in Sri Lanka in 2022, resulting in reduced
availability of medication, could be the contributing fac-
tor to the lower antibiotic consumption observed in 2022
[31].

We found that oral antibiotics accounted for more
than 80% of the total antibiotic consumption. A similar
trend was seen in hospitals in Hungary and Ghana, while
a Chinese study reported that consumption of oral and
parenteral antibiotics was almost equal in tertiary hos-
pitals [19, 32, 33]. In our study, almost all the antibiotics
consumed at the OPD were oral, while the consump-
tion of oral and parenteral antibiotics was almost equal
in inpatient units. A study conducted in Kazakhstan [34]
also reported a similar trend in inpatient antibiotic con-
sumption. The mean outpatient (186.1 + 32.3 DDD/100
patients) and inpatient (292.0 + 38.4 DDD/100 admis-
sions) antibiotic consumption rates in our study indicate
the greater consumption of antibiotics by hospitalised
patients. Furthermore, the inpatient units consumed
nearly all of the parenteral antibiotics. These observa-
tions are not unexpected, as hospitalised patients have
more severe illnesses, which often require parenteral
antibiotic therapy and/or longer durations of treatment.
They reflect the characteristics of patients treated at OPD
and inpatient units.
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In the present study, the Access group of antibiotics
was the most commonly consumed, and their consump-
tion was well above the WHO’s minimum target of 60%
throughout the study period [11]. A study conducted in
a secondary healthcare facility in Ghana reported a simi-
lar finding [19], whereas in other LMICs, namely India,
Nepal, Pakistan, and Sierra Leone, consumption of the
Watch group antibiotics was greater than in the Access
group in hospital settings [35-39]. However, the Ghana
study showed an increasing trend in the consumption of
the Watch group’s antibiotics, and the Access-to-Watch
ratio declined from 2.4 to 1.2 over a period of six years,
while the ratio remained > 2 throughout the five-year
period in our study. National surveys in Sri Lanka have
also shown a greater consumption of the Access group
of antibiotics compared to the Watch group in the pub-
lic sector [13, 14]. In Sri Lanka, the Medical Supplies
Division of the Ministry of Health is responsible for the
procurement and distribution of medicines to all public
sector healthcare facilities, guided by the National Essen-
tial Medicines List, which informs selection and supply
practices [40]. This study explains the greater consump-
tion of access group antibiotics in the public sector. The
Teaching Hospital, Jaffna, as a public sector institution,
exhibited antibiotic consumption patterns comparable
to those observed in other public sector healthcare facili-
ties nationwide. However, there was an increase in the
consumption rate of antibiotics that was observed in
the Watch group in 2021. A similar trend was reported
in the antibiotic consumption rate in healthcare settings
in other countries as well, where the consumption of
the Watch and Reserve groups was increased during the
COVID-19 pandemic [8, 9, 41].

Eleven to twelve antibiotics accounted for 90%
(DU90%) of antibiotic consumption, and the majority of
DU90% segment antibiotics were Access group antibi-
otics (64%) in our study. The number of antibiotics con-
tributed to the DU90% segment reported in the literature
varied between 7 and 13, and, like our finding, the major-
ity of DU90% antibiotics belonged to the Access group
[25, 42—44]. When considering the cumulative change in
the consumption of DU90% segment antibiotics in our
study, the majority of antibiotics with a net increase were
in the Access group, indicating a trend favouring the use
of Access antibiotics.

The most commonly consumed antibiotic subgroup
(ATC level 3) at the Teaching Hospital, Jaffna, was peni-
cillin, followed by other beta-lactam antibiotics, macro-
lides, tetracyclines, and quinolones. A similar pattern was
reported in the public sector healthcare facilities in Sri
Lanka [13, 14]. In our study, the pattern of antibiotic con-
sumption by subgroups was almost consistent through-
out the five-year period. Like the present study, the
penicillin group remained the most commonly consumed
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subgroup in most of the other studies that reported the
pattern of antibiotic consumption over a period of time
[25, 42—44].

Amoxicillin/clavulanic acid was the most commonly
consumed antibiotic product in the present study, which
was the most commonly consumed antibiotic in a sec-
ondary healthcare facility in Ghana as well [19]. However,
findings of many other studies differed. Many studies
reported amoxicillin as the most commonly consumed
antibiotic [13, 14, 25, 42-44]. In contrast, studies con-
ducted in India, Nepal, and Sierra Leone found that
second-and third-generation cephalosporins were the
most commonly consumed antibiotics in hospital set-
tings [35-37]. A lack of a surveillance systems integrating
antimicrobial consumption with antimicrobial resistance
patterns could have contributed to the consumption of
antibiotics with a broader spectrum of activity to cover
all the potential resistant organisms [3, 14, 16, 19].

Limitations

There are some limitations in this study. Because of the
lack of records on duration of therapy and hospital stay,
we used the number of admissions/outpatient visits as
the denominator to express inpatient antibiotic utilisa-
tion, whereas many other studies have used different
outcome measures, such as DDD per patient day. This
limited the comparison of our findings with those of
other studies. As the Teaching Hospital, Jaffna is a pub-
lic hospital; the findings may not reflect antibiotic utili-
sation trends in private sector hospitals in Jaffna, which
also contribute substantially to patient care. In addi-
tion, patient-level data were not available to assess the
appropriateness of antibiotic use. Furthermore, analysis
was carried out for a short period, particularly the pre-
COVID-19 years, which limits the ability to detect the
evolving long-term trend.

Conclusions

The analysis of the supply data was able to determine
the pattern of antibiotic consumption over a period of
time. At Teaching Hospital, Jaffna, overall consumption
remained largely stable over a five-year period, although
notable variations were observed in response to external
factors such as the COVID-19 pandemic and the eco-
nomic crisis. These findings demonstrate the utility of
hospital supply data in assessing antibiotic consumption
in terms of both quantity and pattern. Routine analysis of
such readily available data offers a practical approach to
understanding consumption patterns, identifying gaps,
and informing targeted strategies to optimise antimicro-
bial use in low- and middle-income countries.
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