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Abstract

Background Although one of the main drivers of antimicrobial resistance is inappropriate antibiotic prescribing,
there are limited resources to support the surveillance of antibiotic consumption in low-income countries. In this
study, we aimed to assess antibiotic use and consumption among medical patients of two hospitals in different geo-
graphic regions of Sierra Leone.

Methods This is a cross-sectional study of adult (18 years or older) patients receiving medical care at two hospitals
(34 Military Hospital-MH and Makeni Government Hospital-MGH) between March 2021 and October 2021. After
admission to the medical or intensive care unit, patients were sequentially recruited by a nurse from each hospital.
Demographic and clinical characteristics and information on the dose of antibiotics, their routes, and frequency

of administration and duration were collected using a questionnaire adapted from previous studies and encrypted
in EpiCollect software (Epic, Verona WI). A physician reviews and verifies each completed questionnaire. Data analysis
was done using STATA version 16.

Results The mean age of the 468 patients evaluated in this study was 48.6 years. The majority were women (241,
51.7%) and treated at MGH (245, 52.0%). Clinical diagnosis of bacterial infection was made in only 180 (38.5%)
patients. Regardless of the diagnosis, most (442, 94.9%) patients received at least one antibiotic. Of a total 813 doses
of antibiotics prescribed by the two hospitals, 424 (52.2%) were administered in MH. Overall, antibiotic consumption
was 66.9 defined daily doses (DDDs) per 100 bed-days, with ceftriaxone being the most commonly used antibiotic
(277,34.1%). The ACCESS and WATCH antibiotics accounted for 18.9 DDDs per 100 bed-days (28.2%) and 48.0 DDDs
per 100 bed-days (71.7%), respectively. None of the patients were prescribed a RESERVE antibiotics. The antibiotic
consumption was lower in MH (61.3 DDDs per 100 bed-days) than MGH (76.5 DDDs per 100 bed-days).

Conclusion Antibiotic consumption was highest with ceftriaxone, followed by levofloxacin and metronidazole.
Given the high rate of consumption of antibiotics in the WATCH category of the AWaRe classification, there is a need
to initiate surveillance of antibiotic consumption and establish hospital-based antibiotic stewardship in these settings.
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Antimicrobial resistance (AMR)

Introduction

Owing to its increasing burden, antimicrobial resist-
ance (AMR) is a major threat to the health, social and
economic status of countries around the world [1]. The
global death toll from AMR was estimated at 700,000
in 2014 [1]. In a recent estimate, bacterial AMR alone
was responsible for 1.27 million global deaths in 2019,
exceeding the number of deaths caused by malaria and
HIV over the same period [1, 2]. This fact demonstrates
the trajectory of the increasing burden of AMR and sup-
ports previous estimates that if left unchecked, AMR will
cause 10 million deaths per year globally by 2050 [1].

AMR is a complex phenomenon that affects human
health in community and hospital settings and increases
healthcare expenditures, prolongs hospital stays, and
worsens morbidity and mortality [3]. One of the main
drivers of AMR in both the community and hospital
settings is the high rates of inappropriate antibiotic pre-
scriptions reported by many studies in low- and middle-
income countries (LMICs) [4—6]. For example, increased
antibiotic consumption in LMICs has driven a nearly 40%
increase in global antibiotic consumption over the past
30 years [7].

Even with this development, many LMICs have lim-
ited capacity to initiate antimicrobial consumption
surveillance and implement antimicrobial stewardship
(AMS) activities needed to reduce inappropriate antibi-
otic consumption [8—10]. The COVID-19 pandemic has
created additional challenges as AMS-related activities
were de-prioritized at the peak of the pandemic [11, 12].
Therefore, it is necessary to optimize AMS activities to
protect essential antibiotics and prevent the develop-
ment of AMR in public health emergencies [12]. One
strategy is to use standardized international classifica-
tion systems to assess consumption and use patterns.
The World Health Organization (WHO) established the
ACCESS, WATCH, and RESERVE (AWaRe) Framework,
the Anatomical Therapeutic Chemical (ATC) Classifica-
tion system, and the Defined Daily Dose (DDD) per 100
hospital bed-days as standardized classification tools to
evaluate antibiotic use patterns and monitor antimicro-
bial consumption [13-16].

Despite these resources and the fact that previous
observational studies in Sierra Leone have identified
ingrained challenges in the response against AMR [17—
19], there are few studies assessing antibiotic consump-
tion in Sierra Leone. A March 2022 PubMed search
revealed only three articles on antibiotic use and/or

consumption in Sierra Leone, none of which focused
specifically on assessing antibiotic use and consumption
among medical patients [6, 20, 21].

Hence, this study set out to (a) determine the preva-
lence antibiotic use among patients admitted in medical
wards of two hospitals in Sierra Leone (b) evaluate anti-
biotic consumption using the 2021 ATC/DDD classifica-
tion, and (c) identify patterns of antibiotic consumption
using the AWaRe framework.

Methods and materials

Study design

The study used a cross-sectional design to assess antibi-
otic use and consumption among patients admitted in
the medical wards of two hospitals in Sierra Leone.

Study population and study duration

The study included all adult inpatients aged 18 years or
older admitted to the Medical Wards and intensive care
units (ICU) of two hospitals between March 2021 and
October 2021.

Study setting

We selected 34 Military Hospital (MH) and Makeni Gov-
ernment Hospital (MGH) for the study as they are in
two different geographic regions and their level of ser-
vice provision and infrastructure is likely representative
of many secondary or tertiary hospitals in Sierra Leone.
Both hospitals provide tertiary services. MH is located in
Freetown, the capital of Sierra Leone, with a population
of one million and 181 beds. MGH is a regional hospi-
tal, located approximately 170 km from Freetown, has a
catchment population of 606,544 people (approximately
8.6% of Sierra Leone’s population) and 207 beds [22].
Approximately 33% (60) of the beds in MH and 22% (44)
of the beds in MGH are in the medical wards.

The two hospitals have laboratories with capacity to
perform hematology and biochemistry investigations but
lacks microbiology diagnostic capacity at the time of data
collection. Patients have access to available diagnostic
services at out-of-pocket costs despite financial hardship.

There are neither Infectious Disease Physicians nor
Microbiologists to guide rational antibiotic prescribing in
these hospitals. Although there were drugs and therapeu-
tic committees in these hospitals at the time of data col-
lection, they did not provide antimicrobial stewardship
interventions such as dedicated leadership, prescriber
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education, and audit of prescription practices. Further-
more, there are no existing antimicrobial guidelines or
formulary to leverage antibiotic prescribing practices.

Diagnostic categories of patients prescribed antibiotics
The diagnoses of patients who were prescribed antibiot-
ics were divided into:

a. Clinical bacterial infection: when a patient develops
an infection that is clinically suspected to be of bacte-
rial origin and thus requires empiric antibiotics.

b. No clinical bacterial infection/sole diagnosis of tuber-
culosis; these patients did not require antibiotics
because the diagnosis they were being treated for was
either unspecified or not a clinical bacterial infection
other than tuberculosis. Therefore, it is inappropriate
to prescribe antibiotics to patients in these catego-
ries. The sub-categories of this group include:

+ ‘No diagnosis’ when there was absence of a diagnosis.

+ ‘Non-bacterial process with HIV’ when an HIV
patient had either a non-bacterial infective process or
non-infective process.

+ ‘Non-infective process’ when patient had a non-com-
municable disease without evidence of infection

+ ‘Non-bacterial infective process’ when patient had an
infection which was designated as non-bacterial in
origin and

+ Sole diagnosis of tuberculosis.

Definitions

The WHO AWaRe framework and the 2021 ATC Clas-
sification system was used to evaluate antibiotic use
patterns as listed in the WHO Model List of Essential
Medicine [15, 16].

The DDDs were calculated by multiplying the quantity
field by DDD conversion factor field on the 2022 version
of the ATC/DDD index using the formula DDD/100 bed
days=Number of units administered in a given period
(milligram) x100/DDD (milligram)xnumber of days in
the periodxnumber of bedsxoccupancy index [16]. A
bed-day was defined as overnight stay in hospital.

Data collection and analysis

After admission to the medical or intensive care unit,
patients were sequentially recruited by a nurse from
each hospital who was trained in the assessment of anti-
biotic use. Demographic and clinical characteristics
were collected at baseline using a questionnaire adapted
from a previous study and encrypted in EpiCollect soft-
ware (Epic, Verona WI) [6, 20]. Subsequently, the nurses
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review patients’ records and interview patients or ward
nurses to collect information on the dose of antibiotics,
their routes, and frequency of administration and dura-
tion of their use on alternate days until the end of admis-
sion. A physician reviews and verifies each completed
questionnaire.

After collection, the data were extracted into Micro-
soft Excel, cleaned, coded, and then transferred into Stata
version 16 (StataCorp LLC) for analysis. Descriptive sta-
tistics such as frequencies and percentages were used to
present demographic and clinical characteristics of study
participants, as well as antibiotic consumption.

Results

Demographic characteristics of study participants

Of 468 patients enrolled in the study, 241 (51.7%) were
women. The mean age of the patients was 48.6 years (SD,
17.9). The majority were treated at MGH (245, 52.4%)
(Table 1).

Clinical diagnosis and antibiotic use

Only 180 (38.5%) patients were clinically diagnosed with
a bacterial infection, of which pneumonia (80,17.1%) and
gastroenteritis and other gastrointestinal infections (59,
12.6%) were the most common diagnostic categories for
which antibiotics were prescribed (Table 2). Regardless
of the diagnosis, 442 (94.9%) medical patients admit-
ted either in the medical wards (405, 94.0%) or ICU (37,
100%) received at least one antibiotic. The majority (171,
95.0%) of the patients with suspected bacterial infection
was prescribed an antibiotic. Of the 9 patients with no
indicated diagnosis, 8(88.9%) were given an antibiotic.
Nearly all patients with HIV (39, 97.5%) were prescribed
an antibiotic (Table 2).

Antibiotic use and consumption

Of the 813 administered antibiotic doses in the medical
wards or intensive care unit (ICU) of the two hospitals,
424 (52.2%) were made in MH (Table 2). The mean num-
ber of antibiotics prescribed per patient is 1.8. Most peo-
ple had two antibiotics (229, 48.9%) and the majority of
the prescribed antibiotics were parenteral (685, 84.3%).
The mean duration of antibiotic administration was 5
days (Table 3).

The most commonly administered antibiotics were cef-
triaxone (277, 34.1%), metronidazole (235, 28.9%), and
levofloxacin (104, 12.8%) (Table 4). Antibiotic consump-
tion was 23.9 DDDs per 100 bed-days for ceftriaxone,
18.0 DDDs/100 bed-days for levofloxacin, and 12.4 per
100 bed days for metronidazole (Table 5).

The overall antibiotic consumption was 66.9 DDDs per
100 bed-days. The ACCESS antibiotics accounted for 18.9
DDDs per 100 bed-days (28.2%), whereas consumption
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Table 1 Demographic and clinical characteristics of study
participants

Parameter Total MH MGH
N (%) N (%) N (%)
Overall total 468(100) 245(52.4) 223(47.6)
Sex
Female 241(51.5) 122(49.8) 119(53.4)
Male 227(48.5) 123(50.2) 104(46.6)
Age(yrs)
<25 48(10.3) 11(4.5) 37(16.6)
25-44 143(30.7) 58(24.0) 85(38.1)
45-64 171(36.8) 112(46.3) 59(26.5)
>65 103(22.2) 61(25.2) 42(18.8)
Mean (SD) 486(17.9) 53.3(16.0) 43.5(18.6)
Marital status
Single 103(22.0) 47(19.2) 56(25.1)
Married 298(63.7) 159(64.9) 139(62.3)
Separated/divorced/  57(14.3) 39(15.9) 28(12.6)
widowed
Education
None 197(42.1) 57(23.3) 140(62.8)
Primary 30(6.4) 18(7.3) 12(5.4)
Secondary 161(344) 111(45.3) 50(22.4)
Tertiary 80(17.1) 59(24.1) 2109.4)
Occupation
None 76(16.2) 37(15.1) 39(17.5)
Student 45(9.6) 19(7.8) 26(11.7)
Informal sector 215(45.9) 85(34.7) 130(54.3)
Formal sector 88(18.8) 63(25.7) 25(11.2)
Retired 44(9.4) 41(16.7) 3(1.3)
Ward
Medical 431(92.1) 244(99.6) 187(83.9)
ICU 37(7.9) 1(04) 36(16.1)

MH 34 Military Hospital, MGH Makeni Government Hospital and ICU Intensive
Care Unit

for WATCH antibiotics was 48.0 DDDs per 100 bed-days
(71.7%). No RESERVE antibiotics were prescribed. The
antibiotic consumption was lower in MH (61.3 DDDs per
100 bed-days) than MGH (76.5 DDDs per 100 bed-days),
but the consumption of the WATCH antibiotics was
higher in MH (81.7%) than MGH (58.2 (Fig. 1)).

Discussion
We used the 2021 ATC/DDD and the WHO AWaRe
classifications to determine the prevalence of antibiotic
use, and assess antibiotic consumption among patients
admitted to the medical wards of two hospitals in
Sierra Leone [15, 16].

About 95% of medical patients admitted to both hos-
pitals were prescribed antibiotics, consuming 66.9 DDDs
of antibiotics per 100 bed-days. Previous studies in Sierra
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Leone reported similar antibiotic prescription rates for
hospitalized patients (82%) and in surgery (92%) [6, 22].
In Nigeria and Ethiopia, similarly high levels of anti-
biotic use were also reported [23, 24]. This pattern of
prescription of antibiotics across Africa indicate similar
challenges with rational antibiotic prescribing and call
for greater coordination among African governments in
AMR prevention and control.

Only 38.5% of the reasons for prescribing antibiot-
ics were suspected bacterial diseases. Whether this pre-
sumptive diagnosis represents a true bacterial infection
is a question that could be answered in future studies.
Most importantly, many patients with non-bacterial dis-
eases or without a documented diagnosis have been inap-
propriately prescribed an antibiotic, similar to studies in
Japan and India [25, 26]. Antibiotic prescription should
be guided by laboratory support to prevent inappropriate
use, especially to treat non-bacterial diseases. However,
in many hospitals in Sierra Leone, the laboratory capacity
for microbiological methods is limited [6]. One plausible
strategy to address this problem is the use of point-of-
care tests to quickly distinguish bacteria from non-bac-
terial diseases on the bed side [27]. Biomarkers such as
procalcitonin can be useful diagnostic tools as elevated
levels have been associated with febrile bacterial infec-
tions but not with non-bacterial febrile illness [28].

Similar to previous studies [6, 22], the most com-
monly used antibiotic was ceftriaxone, followed by met-
ronidazole and levofloxacin. The high use of ceftriaxone
may explain the increased rates of extended-spectrum
[-lactamase-producing Gram-negative bacilli reported in
some hospitals in Sierra Leone [17, 19, 29]. Similarly, the
high rates of use of levofloxacin in one of the hospitals
may have contributed to resistance, which may poten-
tially affect Sierra Leone’s national efforts to prevent and
control multi-drug resistance tuberculosis [30, 31]. Thus,
the need to explore different stewardship interventions in
our hospitals and different techniques to evaluate appro-
priate antibiotic prescribing practices [32, 33].

WHO recommends that the narrow-spectrum ACCESS
antibiotics should be used more frequently to reduce the
selection pressure associated with the broad-spectrum
WATCH and RESERVE antibiotics [34]. In our study, the
estimated consumption of the ACCESS antibiotics was lower
than the WATCH antibiotics (28.2% vs. 71.7%) in contrast
with the WHO recommendation of having at least 60% con-
sumption of ACCESS antibiotics [34], reinforcing the need
for different AMS strategies such as de-escalation and restric-
tion of antibiotics, and training of healthcare workers. None
of the patients was prescribed a RESERVE antibiotic similar
to data reported in a previous study in outpatient settings of
the national referral hospitals in Sierra Leone [35]. Although
it is more or less considered good stewardship practices not
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Table 2 Diagnostic categories of medical patients at MH and MGH
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Parameter Total participants Received antibiotics
N % N %

Suspected bacterial infections 180 385 171 95.0
Pneumonia 80 17.1 75 93.8
Gastroenteritis and other gastrointestinal infections 59 12.6 59 100.0
Skin and soft tissue infections 11 25 11 100.0
Sepsis with no defined focus 8 1.7 8 100.0
Urinary tract infections 7 1.5 6 85.7
Sexually transmitted and other genital infections 5 0.8 4 80.0
Central Nervous System Infections 3 0.6 3 100.0
Others: unspecified febrile illness, infective endocarditis and septic 7 13 5 714
arthritis
No clinical bacterial infections 286 60.1 271 94.8
No diagnosis 9 1.9 8 889
Non-bacterial process with HIV 40 8.5 39 97.5
Non-infective process 122 26.1 116 95.1
Non-bacterial infective process 67 14.3 65 97.0
Sole diagnosis of tuberculosis 48 10.3 43 89.6
Missing data 2 0.4 - -
Hospital

MH 245 524 231 94.3

MGH 223 476 21 94.6
Wards

Medical 431 92.1 405 94.0

ICU 37 79 37 100.0

MH 34 Military Hospital and MGH Makeni Government Hospital, ICU Intensive Care Units

Table 3 Number, duration and route of antibiotic administration
at MH and MGH

Table 4 Antibiotics and their frequency of administration in
each of the study hospitals

Parameter N %

Number of antibiotics administered per patient (mean=1.8)

One 172 36.8
Two 229 489
Three 58 124
Four 8 1.7
Missing 1 0.2
Route of administration
Oral 128 15.7
Parenteral 685 84.3
Duration of antibiotic use (mean duration=5.0 days)
Less than 4 239 294
4-6 446 549
Greater than 6 128 15.7

to use RESERVE antibiotics, it should be possible to use
RESERVE antibiotics in the care of critically ill patients.

Our study has strengths and limitations. Although the
findings of this study are not nationally representative,

Variable Total drug MH=424 MGH=
administration N (%) 389

N (%)
Amoxicillin 2(0.2) 1(0.2) 1(0.3)
Amoxicillin-cloxacillin 28(3.4) 0(0.0) 28(7.2)
Amoxicillin-clavulanate 52(6.4) 17(4.0) 35(9.0)
Azithromycin 47(5.8) (7 3) 16(4.1)
Ceftriaxone 277(34.1) 35(31.8) 142(36.5)
Ciprofloxacin 41(5.1) ( 7) 17(4.4)
Clindamycin 1(0.1) 1(0.2) 0(0.0)
Doxycycline 2(0.2) 1(0.2) 1(0.3)
Erythromycin 2(0.2) 2(0.5) 0(0.0)
Gentamycin 22(2.7) 5(1.2) 17(4.4)
Levofloxacin 104(12.8) 104(24.5) 0(0.0)
Metronidazole 235(28.9) 103(24.3) 132(33.9)

MH 34 Military Hospital and MGH Makeni Government Hospital

it is the first study in Sierra Leone to describe antibiotic
use patterns and consumption among medical patients at
two hospitals in different geographic regions. Hence, its
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Table 5 Showing antibiotics and their frequency administration, AWaRe category and antibiotic consumption (in DDDs per 100 bed-

days)
Variable ATC code AWaRe category Drug administration DDDs/100 bed-days
N (%) N (%)
813(100) 66.9(100)
Amoxicillin JO1CA04 Access 2(0.2) 0.1(0.1)
Amoxicillin-cloxacillin JOT1CR50 Access 28(3.4) 0.7(1.0)
Amoxicillin-clavulanate JO1CRO2 Access 52(6.4) 3.9(5.8)
Azithromycin JOTFAT0 Watch 47(5.8) 25(3.7)
Ceftriaxone J01DD04 Watch 277(34.1) 23.9(35.7)
Ciprofloxacin JOTMAO02 Watch 41(5.1) 3.5(5.2)
Clindamycin JOTFFO1 Access 1(0.1) 0.1(0.1)
Doxycycline JOTAA02 Access 2(0.2) 0.1(0.1)
Erythromycin JOTFAO1 Watch 2(0.2) 0.05(0.07)
Gentamycin JO1GB03 Access 22(2.7) 1.7(2.5)
Levofloxacin JOTMA12 Watch 104(12.8) 18.0(26.9)
Metronidazole POTABO1 Access 235(28.9) 12.4(18.5)
60
50.1
R 48 445 g
2 5
g 40 32 o
[
= 30 18.9 S &
©
— 20 11.2 5 <
(0] 10 l Q 8
o oo
A o . £
o 3
& Total MH MGH 5 Total MH MGH
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M Access M Watch W Access M Watch
(a) (b)

Fig. 1 aTotal antibiotic consumption presented as DDDs per 100 bed-days by WHO AWaRe category in two hospitals in Freetown. b Proportion
of total antibiotic DDDs per 100 bed-days by WHO AWaRe category in the hospitals. MH = 34 Military Hospital and MGH = Makeni Government

Hospital

evidence has important policy implications for antibiotic
stewardship programs. We did not clinically verify the
diagnosis of bacterial and non-bacterial diseases made by
the clinicians at the bedside. Therefore, our findings may
not represent the true picture of the common diagnoses
that lead to antibiotic prescriptions in these hospitals.

Conclusion

Our study showed a high prevalence of antibiotic pre-
scribing in two hospitals in different geographic regions
of Sierra Leone. Antibiotic consumption was highest
with ceftriaxone, followed by levofloxacin and metroni-
dazole. Given the high rate of consumption of antibiot-
ics in the WATCH category of the AWaRe classification,
there is a need to initiate surveillance of antibiotic con-
sumption and establish facility-based antibiotic stew-
ardship in these hospital settings.
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