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Abstract: Antimicrobial resistance (AMR) remains an important global public health issue with
antimicrobial misuse and overuse being one of the main drivers. The Global Point Prevalence Survey
(G-PPS) of Antimicrobial Consumption and Resistance assesses the prevalence and the quality of
antimicrobial prescriptions across hospitals globally. G-PPS was carried out at 17 hospitals across
Ghana, Uganda, Zambia and Tanzania. The overall prevalence of antimicrobial use was 50% (30–57%),
with most antibiotics prescribed belonging to the WHO ‘Access’ and ‘Watch’ categories. No ‘Reserve’
category of antibiotics was prescribed across the study sites while antimicrobials belonging to the
‘Not Recommended’ group were prescribed infrequently. Antimicrobials were most often prescribed
for prophylaxis for obstetric or gynaecological surgery, making up between 12 and 18% of total
prescriptions across all countries. The most prescribed therapeutic subgroup of antimicrobials was
‘Antibacterials for systemic use’. As a result of the programme, PPS data are now readily available
for the first time in the hospitals, strengthening the global commitment to improved antimicrobial
surveillance. Antimicrobial stewardship interventions developed included the formation of AMS
committees, the provision of training and the preparation of new AMS guidelines. Other common
interventions included the presentation of findings to clinicians for increased awareness, and the
promotion of a multi-disciplinary approach to successful AMS programmes. Repeat PPS would be
necessary to continually monitor the impact of interventions implemented. Broader participation is
also encouraged to strengthen the evidence base.

Keywords: antimicrobial resistance; global-pps; antimicrobial surveillance; antibiotics; antimicro-
bials; antimicrobial stewardship

1. Introduction

Antimicrobial resistance (AMR) is a global, public, and individual health challenge
affecting the delivery of safe, effective healthcare in all settings and all countries. The
ability of microorganisms to become resistant to the effect of antimicrobials is an inevitable
evolutionary process; however, misuse and over-use of antimicrobial agents hastens the
development and spread [1,2].

AMR leads to increased mortality rates [3] and duration and cost of patient care [1].
This is of particular concern in low- and middle-income countries (LMICs) due to the
reduced availability of appropriate equipment and/or appropriate diagnostic tools, as well
as challenges with access to quality antimicrobials [4–7]. The rise in incidence of AMR
has led to an increased global focus on antimicrobial stewardship (AMS). Surveillance of
antimicrobial use and resistance are core to all AMS activities and understanding how
antimicrobials are used allows for a review of current practices and highlights areas for
improvement. Point prevalence surveys (PPSs) are a widely recognised surveillance
method requiring limited resources to collect information on antimicrobial prescribing
practices and other relevant factors in hospitalized patients [8–11].

PPS are a key resource when planning and supporting national and local steward-
ship interventions in a range of settings, offering a standardised method for comparing
data on antimicrobial use across hospitals and countries. The Global Point Prevalence
Survey of Antimicrobial Consumption and Resistance (G-PPS; www.global-pps.com/,
accessed on 15 May 2021) aims to assess the global prevalence of antimicrobial prescribing
and resistance, with an emphasis on countries with low resources, support, and exper-
tise and supports antimicrobial stewardship programs in order to enhance appropriate
antimicrobial prescribing [12].

Alongside the evaluation of antimicrobial prescribing practices in hospitals, PPS
can identify targets for quality improvement of antimicrobial prescribing and implement
and monitor the impact of interventions through repeated surveys. One of the main
aims in strengthening global AMS is to reduce the use of antimicrobials that are in the
World Health Organization’s (WHO) ‘Watch’ and ‘Reserve categories’ and ‘Not Recom-
mended’ group of their AWaRe framework [13,14]. The framework recommends preferred

www.global-pps.com/
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antimicrobial choice for treating common infections—the ‘Access’ category, based on con-
sideration of benefits versus risks to patients and the potential for resistance. An additional
classification—‘Not recommended’ was added to the framework more recently to include
fixed-dose combinations of broad-spectrum antibiotics for which use is not evidence-
based [15]. Similarly, the Anatomic Therapeutic Chemical (ATC) classification categorizes
drugs active substances into different groups and subgroups according to their therapeutic,
pharmacological and chemical properties. WHO endorses the ATC classification as the
standard for drug utilization monitoring and research [16].

The Commonwealth Partnerships for Antimicrobial Stewardship programme (Cw-
PAMS), managed by the Commonwealth Pharmacists Association (CPA) and Tropical
Health and Education Trust (THET), is a health partnerships programme funded by the
UK Official Development Assistance (ODA), through the Department of Health and Social
Care’s Fleming Fund to address AMR globally [17]. The aim of the programme is to
enhance the implementation of protocols and evidenced-based decision making to support
antimicrobial prescribing and the capacity for surveillance of antimicrobial consumption
and stewardship.

The CwPAMS programme included 12 partnerships between UK health institutions
and counterparts in four African Commonwealth countries: Ghana (GH), Uganda (UG),
Zambia (ZM), and Tanzania (TZ). The partnerships consisted of volunteer health workers
and experts from the five countries who shared skills and knowledge to co-develop strate-
gies to address AMR and AMS. As part of the fulfillment of the aims of the partnership, a
Global Point Prevalence Study was used to obtain baseline data and measure the impact of
the implementation of AMS programmes across partnership countries.

This paper aims to compare national data on antimicrobial use obtained from 12
hospitals across four countries (Ghana (6), Uganda (4), Zambia (1) and Tanzania (1)) and
identify target points for improvement. As part of an additional collaboration, PPS data
from a further four hospitals in Ghana and one additional hospital in Zambia (which
collected data using the Global PPS platform during the same period as the CwPAMS
programme), are also included in the study.

2. Results
2.1. Characteristics of Included Hospitals and Eligible Patients

A total of 4376 patients were included in the survey, with 2169 (50%) treated with
antimicrobials across the four countries. From the total number of treated patients, 1366
(63%) were from 10 hospitals in Ghana, 386 (17.8%) from four hospitals in Uganda, 238
(11%) from two hospitals in Zambia, and 179 (8%) from one hospital in Tanzania (Table 1).
Of the 17 hospitals included, 3 were identified as primary care, 6 as secondary care and 8
as tertiary care. Additionally, eight hospitals were classed as teaching hospitals, three in
both Uganda and Ghana and one in both Zambia and Tanzania.

Table 1 summarises the general characteristics of the patients surveyed across the four
countries. More adults were included across all sites than children or neonates. A greater
proportion of children were included in Uganda (35%) than the other three countries
(Ghana (19%), Tanzania (16%), Zambia (15%). Activities of the wards where patients were
surveyed were relatively uniform across the countries, with patients on intensive care
wards (IC) making up the smallest proportion of those surveyed (4–20%).
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Table 1. Characteristics of wards and patients (treated with at least one antimicrobial) in PPS conducted at 17 hospitals.

Characteristics Ghana Uganda Zambia Tanzania

Number of Hospitals 10 4 2 1

Number of Treated Patients 1366 386 238 179

Patient Age
Neonate (≤1 month) 150 (11%) 20 (5%) 32 (13%) 34 (19%)

Child (>1 month–≤17 years) 261 (19%) 136 (35%) 35 (15%) 29 (16%)
Adult (≥18 years) 955 (70%) 214 (56%) 171 (72%) 116 (65%)

Unknown - 16 (4%) - -

Patient Gender
Male 570 (41.7%) 162 (42%) 96 (40%) 93 (52%)

Female 794 (58.1%) 205 (53%) 142 (60%) 84 (46.9%)
Unknown 2 (0.2%) 19 (5%) - 2 (1.1%)

Ward Activity
Medicine 76 (46%) 28 (54%) 9 (45%) 7 (35%)
Surgery 74 (45%) 22 (42%) 7 (35%) 10 (50%)

Intensive Care 15 (9%) 2 (4%) 4 (20%) 3 (15%)

2.2. Prevalence of Antimicrobial Use

The prevalence of antimicrobial use (AMU) was 50% from the 17 sites across the four
countries (Table 2). The proportion of patients treated with antimicrobials at the time of the
survey was highest in Zambia (57%), followed by Ghana (55%) and Uganda (45%), and
was lowest in Tanzania (30%).

Table 2. Prevalence of antimicrobial use in four countries included in PPS.

Country Admitted Patients Treated Patients Prevalence of AMU (%)

Ghana 2502 1366 55
Uganda 862 386 45
Zambia 418 238 57

Tanzania 594 179 30

Total 4376 2169 50

There was a total of 3838 prescriptions recorded in the survey, 2435 (63%) of which
were reported from hospitals in Ghana, 710 (18.5%) from Uganda, 402 (10.5%) from Zambia,
and 290 (7.5%) from Tanzania.

Of these prescriptions, those in the ATC J01 category (antibacterials for systemic use)
were further classified into each of the WHO AWaRe categories (Figure 1). There was no
reported use (0%) of the Reserve category of antibiotics in any of the four countries.
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Antibiotics in the WHO access category were prescribed more frequently than those
in other categories across all countries and were prescribed at similar rates, accounting for
60% of the total of ATC J01 antibiotics prescribed in Ghana (1212/2071), 52% in Uganda
(309/592), 58% in Zambia (201/347), and 59% in Tanzania (170/288) (Figure 1). Antibiotics
in the Watch category were the second most frequently prescribed, again with proportions
being similar for all countries (Ghana 42%; n = 851, Uganda 39%; n = 232, Zambia 41%
n = 143, Tanzania 38%; n = 109). There was no reported use (0%) of the Reserve category
antibiotics in any of the four countries.

‘Not Recommended’ antibiotic combinations were prescribed in Uganda, Tanzania,
and Ghana. Ugandan hospitals had the highest prescription rate of these drugs (8%; 48/592)
with 47 prescriptions of Ampiclox®® (ampicillin and cloxacillin) (7% of total prescriptions)
and one of ciprofloxacin and metronidazole. In Tanzania, Ampiclox®® was prescribed on 9
occasions (3% of total prescriptions). In Ghana, the “Not Recommended” group of antibi-
otics made up 0.2% of antibiotic prescriptions (4/1212) with ceftriaxone/beta-lactamase
inhibitor being prescribed twice, ceftriaxone in combination with another unspecified
antibiotic prescribed once and penicillin in combination with another, unspecified antibac-
terial also prescribed once. Unclassified antibiotics were prescribed very infrequently in
all countries.

The proportion of antimicrobials used, as grouped according to the ATC classification
level 1, is shown in Table 3. For all countries, antibacterials for systemic use (J01) were the
most frequently prescribed, making up 83–99% of prescriptions. Additionally, in Ghana,
Uganda, and Zambia, antiprotozoals used as antibacterials (P01AB) made up 4–10% of the
prescriptions. Uganda had the highest proportion of prescriptions for antimalarials (P01B)
at 4.6% of the total and drugs for treatment of tuberculosis (J04A) at 4.5% of the total. Rates
for antibiotics used as intestinal anti-infectives (A07AA), antimycotics and antifungals for
systemic use (J02; D01BA) and antivirals for systemic use (J05) were low (0–2%) for all
four countries.

Table 3. Proportional antimicrobial use by country grouped by therapeutic subgroup.

Therapeutic Subgroup Proportional Antimicrobial Use (% of Prescriptions)

Ghana Uganda Zambia Tanzania

Antibacterials for systemic use (J01) 85.1 83.4 86.3 99.3
Antimycotics and antifungals for systemic use (J02; D01BA) 0.8 1.3 2.2 0.3

Drugs for treatment of tuberculosis (J04A) 1.2 4.5 0.2 0
Antibiotics used as intestinal anti-infectives (A07AA) 0.5 0.3 0.2 0
Antiprotozoals used as antibacterial agents (P01AB) 8.3 4.2 10.2 0.3

Antivirals for systemic use (J05) 1.4 1.7 0 0
Antimalarials (P01B) 2.8 4.6 0.7 0

The most prescribed antimicrobial across Ghanaian hospitals was metronidazole for
systemic use (12% of total prescriptions; 288/2435), compared to ceftriaxone which was
prescribed most frequently in the three other countries; Uganda 24% (173/710), Zambia
21% (83/402), and Tanzania 32% (94/290). Full details of the proportions of antimicrobials
prescribed in each country can be found in the supplementary data (Tables S1 and S2).

2.3. Reason for Prescribing Antimicrobials

The main reasons for prescribing antimicrobials for each country are shown in Figure 2.
Across all countries, antimicrobials were most often prescribed for prophylaxis for obstetric
or gynaecological surgery, making up between 12 and 18% of total prescriptions (Figure 2).
Antimicrobials were next most frequently prescribed for pneumonia or lower respiratory
tract infections, in all but Tanzania, where drugs used as medical prophylaxis for new-born
risk factors was the second most common reason for prescribing (15% of total).
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Figure 2. Most common reason for prescribing antimicrobials across 17 hospitals participating in the PPS.

In Ghana, the third most common reason for prescribing was to treat skin and soft
tissue infections (equal to prescriptions for completely unknown infections). Uganda had
a higher prescription rate for prophylaxis for plastic or orthopaedic surgery than other
countries (8%) and prescriptions for infections of the central nervous system were higher
in Zambia (8%). Drugs were frequently prescribed for sepsis across all countries (7–9%).

Across all four countries, antimicrobials were frequently prescribed for prophylaxis.
This practice was highest in Tanzania, with 48% of all prescribed antimicrobials being for
prophylaxis. This was followed by in Ghana (33%), Uganda (27%) and Zambia (27%).

Proph OBGY—prophylaxis for obstetric or gynaecological surgery (caesarean section,
no episiotomy, carriage of group B streptococcus); pneu—pneumonia or lower respiratory
tract infections; UNK—prescriptions for completely unknown infections; SST—skin and
soft tissue infections (cellulitis, wound including surgical site infection, deep soft tissue not
involving bone, e.g., infected pressure or diabetic ulcer, abscess); proph BJ—prophylaxis
for plastic or orthopaedic surgery (bone or joint); CNS—prescriptions for infections of the
central nervous system; NEO-MP—medical prophylaxis for new-born risk factors, e.g.,
VLBW (very low birth weight) and IUGR (intrauterine growth restriction).

Out of 4376 admitted inpatients, 237 patients (5.4%; range 4.1% in Uganda to 5.1% in
Zambia) were treated with antibiotics for systemic use (ATC J01) for at least one healthcare
associated infection. Table 4 shows the types of indication for which antimicrobials were
prescribed by country. Out of all therapeutic prescribing, community-acquired infections
were the most common indication for antimicrobial use. Surgical prophylaxis of >1 day
(SP3) was common in all countries, up to 97% of all prescriptions for surgical prophylaxis
in Tanzania and Uganda (Table 4). Ghana recorded most antimicrobial prescriptions for
which the indication was not known (11%).

Table 4. Type of indication for antimicrobial prescribing.

Ghana Tanzania Uganda Zambia

Total Number of Prescriptions 2435 290 710 402

Therapeutic use 1344 (55.2%) 134 (46.2%) 477 (67.2%) 288 (71.6%)
Community-Acquired infection; CAI 1074 (79.9%) 89 (66.4%) 416 (87.2%) 257 (89.2%)
Healthcare-Associated Infection; HAI 270 (20.1%) 45 (33.6%) 61 (12.8%) 31 (10.8%)

Prophylactic use 805 (33.1%) 145 (50.7%) 225 (31.7%) 102 (25.4%)
Medical Prophylaxis; MP 172 (7%) 46 (16%) 50 (7%) 17 (4%)
Surgical Prophylaxis; SP 633 (26.0%) 99 (34.1%) 175 (24.6%) 85 (21.1%)

Surgical Prophylaxis One dose; SP1 42 (6.6%) 3 (3.0%) 2 (1.1%) 1 (1.1%)
Surgical Prophylaxis One day; SP2 113 (17.9%) 0 (0%) 3 (1.7%) 2 (2.3%)
Surgical Prophylaxis > 1 day; SP3 478 (75.5%) 96 (97.0%) 170 (97.1%) 83 (96.5%)

Other (OTH) 19 (0.7%) 1 (0.3%) 1 (0.1%) 8 (2%)
Unknown (UNK) 267 (11%) 10 (3%) 7 (1%) 4 (1%)
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As mentioned above, one common indication for prescribing antimicrobials in all
countries was for prophylaxis for obstetric or gynaecological surgery. The types of antimi-
crobials prescribed for this indication differed across the four countries. In participating
hospitals in Ghana, 16 different drugs were prescribed for OBGY prophylaxis (Table 5), with
metronidazole comprising 44% of prescriptions for this indication (186/425). This was split
relatively evenly between oral (95/186; 22% of total number of prescriptions) and parenteral
administration (91/186; 21.4% of total prescriptions). Of the 186 times metronidazole was
prescribed, it was co-administered with another antimicrobial (88%; 164/186). When given
orally, it was most commonly prescribed with co-amoxiclav; amoxicillin/clavulanic acid
(42/95) and, when given parenterally, it was most commonly prescribed with co-amoxiclav
(23/91) or ceftriaxone (22/91).

Table 5. Antimicrobials prescribed for prophylactic OBGY purposes in Ghana (% of total) and AWaRe
group.

ATC Code Drug % of Prescriptions
for Proph-OBGY

AWaRe
Classification

P01AB01 Oral Metronidazole 22.4 Access
J01XD01 Parenteral Metronidazole 21.4 Access

J01CF02 Co-amoxiclav/Amoxicillin
and enzyme inhibitor 21.6 Access

J01DC02 Cefuroxime 11.8 Watch
J01CA04 Amoxicillin 9.9 Access
J01DD04 Ceftriaxone 6.4 Watch
J01MA02 Ciprofloxacin 1.6 Watch
J01GB03 Gentamicin 1.4 Access
J01FF01 Clindamycin 1 Access
J01FA10 Azithromycin 0.5 Watch
J01AA02 Doxycycline 0.5 Access
J01MA12 Levofloxacin 0.5 Watch
P01AB07 Secnidazole 0.5 Unclassified
J01DD13 Cefpodoxime 0.2 Watch
J01CF05 Flucloxacillin 0.2 Access
J02AC01 Fluconazole 0.2 Unclassified

Again, in Ghana, co-amoxiclav was prescribed as a single agent on 19% of occasions
(81/425) and, as described, frequently co-administered with metronidazole (65/186). Ce-
furoxime was the next most frequently prescribed on 12% of occasions (50/425). The top
two drugs that were most prescribed in the participating hospitals in Ghana were in the
access category, whereas ceftriaxone is in the Watch category. Whilst the most common
reason for prescribing antimicrobials was the same for the other 3 countries, there was less
variation in drug type (Figure 3).

In Uganda, metronidazole and ceftriaxone were prescribed together frequently for
proph OBGY. Metronidazole was prescribed 47.1% of total prescriptions for proph OBGY
(41/87) and ceftriaxone 44% (38/87) (Figure 3). They were co-prescribed on 37 occasions,
with ceftriaxone only being prescribed alone once for this indication. All but two prescrip-
tions for metronidazole were parenteral administration.

Metronidazole and ceftriaxone were both prescribed for proph OBGY with the same
frequency in Tanzania (49%) but were not co-administered on any occasion to the same
patient. Metronidazole was also the most prescribed antimicrobial for prophylactic OBGY
purposes in Zambia (44%) and was frequently co-administered with amoxicillin (22%)
(Figure 3).
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2.4. Antibiotic Prescription by AWaRe Categories and Age, Gender and Countries

Based on a chi-squared test conducted on the general dataset, there was a significant
association between antibiotic prescription across the AWaRe categories and countries
(X2 = 43.80, p < 0.001), gender (X2 = 24.81, p < 0.001) and age (X2 = 97.74, p < 0.001). From
country-specific analysis, there was a significant association between gender and antibiotic
prescription across the AWaRe categories in Ghana (X2 = 26.67, p < 0.001) and Zambia
(X2 = 14.12, p < 0.001) while the association was not significant in Uganda (X2 = 1.46,
p = 0.482) and Tanzania (X2 = 0.41, p = 0.815). Furthermore, there was a significant asso-
ciation between age and antibiotic prescription across the AWaRe categories in Ghana
(X2 = 42.23, p < 0.001), Tanzania (X2 = 58.50, p < 0.001) and Uganda (X2 = 22.68, p < 0.001).
A summary of the statistics is available in Supplementary Tables S3–S5.

2.5. Quality Indicators for Prescribing

Quality indicators for all prescriptions were recorded during each survey and include
criteria from the GPPS protocol [18] as shown in Table 6. Stop/review dates (i.e., whether
a date of review or stop date of the antimicrobial was recorded in the medical records)
were almost always reported in both Uganda (99% of prescriptions) and Tanzania (99%).
Indications for prescriptions were well-documented ranging from 66% of all prescriptions
in Ghana to 97% in Uganda. The proportion of prescriptions that were guideline-compliant
varied widely among the four countries from 55% in Zambia, to 88% in Tanzania (Table 6).
Ghana most frequently reported the absence of antimicrobial prescription guidelines (13%).
Moreover, in Ghana, in 1096 antimicrobial prescriptions (45%), the information with respect
to the guidelines was not assessable because the indication was unknown.

Table 6. Proportion of total prescriptions of all antimicrobials for each of the 4 quality indicators (% of total).

Quality Indicator Ghana Uganda Zambia Tanzania

Total number of prescriptions 2435 710 402 290

Prescriptions with a documented stop/review date 1579 (67%) 700 (99%) 82 (20%) 289 (99%)
Prescriptions with a documented indication 1601 (66%) 687 (97%) 321 (80%) 248 (86%)

Prescriptions that were guideline-compliant * 858 (84%) 413 (67%) 195 (55%) 237 (88%)
Prescriptions for which no guidelines were available (NA) 313 (13%) 36 (5%) 38 (10%) 1 (0.3%)

* Guideline compliance is calculated as compliance to guidelines (Yes) when guidelines are existing (Yes + No).
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2.6. Antimicrobial Stewardship Interventions as a Result of PPS

The key antimicrobial stewardship interventions that were implemented as a result
of the PPS data in the CwPAMS programme institutions are summarised in Table 7 with
further details in SInfo1: Antimicrobial Stewardship Intervention summaries.

Table 7. AMS interventions at 16 of the 17 hospitals in response to the PPS carried out.

Hospital

AMS Intervention 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

New guidelines developed X X X X X X X X X X

Catalyst for forming AMS
committee X X X X X X X X X X X X

Improved access to guidelines
through:

Posters X X X

Printed copies X X X X

Promotion of CwPAMS app X X X X X X

Other: Please state X

Training sessions X X X X X X X X X X X X X X X

Repeat PPS conducted and
submitted G-PPS platform X X X X

Repeat PPS conducted and
analysed internally X X X X X X X X

AMS awareness raising X X X X X X X X X

Data presented to clinicians X X X X X X X X X X X

Data presented to AMS committee
or DTC X X X X X X X X

Activities for WAAW X X X X X X

Antibiogram developed X

Drug chart updated or created X X X

Improved laboratory services X X X X X X X

Other: Please list below

Quality improvement project on
prescriber’s adherence to
antibiotics for ambulatory
pneumonia management

Outpatient A/B prescribing
survey

X X

Engagement with external
stakeholders X X

No details provided by hospital 17.

3. Discussion

The Point Prevalence Surveys presented provide key insights into antibiotic prescrib-
ing in selected public or not-for-profit hospitals across Ghana, Tanzania, Uganda, and
Zambia. The overall prevalence of antimicrobial use was 50% (30–57%), with most antibi-
otics prescribed belonging to the WHO ‘Access’ and ‘Watch’ groups. No ‘Reserve’ category
antibiotics were prescribed across the study sites; however, there were some prescriptions
of ‘Not Recommended’ antibiotic combinations. While this pattern of antibiotic use may
partly be due to the prescriber’s consideration of optimality and potential for antimicrobial



Antibiotics 2021, 10, 1122 10 of 15

resistance, in line with WHO’s goal of improving antibiotic use through antimicrobial
stewardship [19], other authors suggest alternative reasoning [20,21].

Antibiotic prescribing patterns were significantly associated with accessibility and
affordability, with broad-spectrum antibiotics in the Access category being more readily
available and affordable than antibiotics in the Watch and Reserve categories and the
‘Not Recommended’ group [20,21]. A recent study on antibiotic availability and use in 20
low- and middle-income countries reported that the median proportion of facilities across
countries with availability of Access category antibiotics was 89.5% [22]. Pauwels et al.
(2021) reported that low-income countries had the highest percentage of use of Access cate-
gory antibiotics (63%), the lowest use of Watch category antibiotics (36%) and no Reserve
category prescriptions on adult wards across 69 countries [23]. A PPS conducted across
six referral hospitals in Tanzania also supports data presented in the current study, report-
ing 62% of prescriptions for in-patients being from the Access group [24]. In addition to
availability and affordability, the similarity in prescription patterns across all four countries
in the current study might be associated with the circulating bacterial strains and disease
burden across low- and middle-income countries [6,7,25]. The WHO proposes that the
AWaRe classification should support monitoring of antibiotic prescribing and inform AMS
programmes and has the target that by 2023 at least 60% of national antibiotic consumption
should come from the Access category [15]. In data presented here, 60% of the total of ATC
J01 antibiotics prescribed in Ghana (1212/2071), 52% in Uganda (309/592), 58% in Zambia
(201/347) and 59% in Tanzania (170/288) were in the Access category, demonstrating the
hospitals’ alignment with the WHO target for national antibiotic consumption.

The antibiotics most commonly prescribed across hospitals in all four countries in
the current study were metronidazole and ceftriaxone, with metronidazole being the most
prescribed antibiotic across Ghanaian hospitals. These findings are supported by data from
the Pauwels et al. study across 69 countries, where ceftriaxone was the most commonly
used antibiotic for therapeutic use on adult wards worldwide. In the same study, up to 24%
of prescriptions for surgical prophylaxis in sub-Saharan Africa were for metronidazole,
followed by ceftriaxone (23%) [23]. A PPS carried at the Korle-Bu Teaching Hospital
in Ghana (2018) reported metronidazole as the most frequently prescribed antibiotic,
followed by amoxicillin-clavulanic acid, cephalosporins (ceftriaxone, cefuroxime), and
cloxacillin [26]. A PPS in Kenya also recorded a higher use of nitroimidazoles compared to
beta-lactam antibiotics [27]. Furthermore, a PPS in three hospitals in north-eastern Tanzania
reported ceftriaxone, metronidazole, and penicillin as the most prescribed antibiotics [28].

Metronidazole is effective in the treatment of a broad range of anaerobic infections
which may be more common in African countries [29]. Metronidazole was used in addi-
tion to co-amoxiclav, so this could perhaps be an area to target to reduce use if anaerobic
infections are covered by use of other antibiotics. This highlights that it might be useful to
increase the awareness and understanding of antibiotic sensitivity. The findings presented
here show that metronidazole was primarily prescribed for prophylaxis for obstetrics
and gynaecology. Published data demonstrate a similarity between the most commonly
prescribed antibiotics in PPSs carried out in other low-income countries. This could be
explained by the affordability, availability, and the spectrum of activity of metronidazole
and ceftriaxone, as well as their suitability for prophylaxis in certain obstetric and gy-
naecological procedures [30]. However, the broad-spectrum activity of some antibiotics,
particularly cephalosporins, can lead to the over-growth of other bacteria that are resistant
to their activity, for example Clostridiodies difficile, methicillin-resistant Staphylococcus aureus
(MRSA), and vancomycin-resistant enterococci (VRE) [31,32]. The use of cephalosporins, in
particular, and third-generation drugs such as ceftriaxone, are linked to the rise in incidence
of extended-spectrum beta-lactamase (ESBLs)-producing bacteria, leading to a reduction
of effective antibiotics [33,34]. Therefore, there remains a need to evaluate prescriber’s
choices and the frequent prescription of ceftriaxone, which falls within the Watch group of
antibiotics in the WHO AWaRe categories.
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Reasons for antimicrobial prescribing in other published studies demonstrate a similar
pattern to the current study, with lower respiratory tract infections and medical and surgical
prophylaxis presented as common reasons for prescribing [24,25]. Prophylaxis for obstetric
or gynaecological surgery was the most frequent reason for prescribing in the current study.
Although the reasons for antimicrobial prescribing were similar across all four countries,
Uganda had the highest prescription rates for antimalarials, drugs for the treatment of
tuberculosis (TB). The WHO Global Tuberculosis Report (2020) reported Zambia having the
highest incidence of TB (of the four countries included here) in 2019 (300–499 incidences
per 100,000 population per year), followed by Tanzania (200–299 incidences per 100,000
population per year) and Ghana and Uganda having similar, lower rates (10–99 incidences
per 100,000 population per year) [35]. It is possible that there were localised TB and malaria
outbreaks in the regions where the Ugandan hospitals were, but data are not available
to confirm or deny this. This data may also be influenced by the time of year the PPS
was carried out. If the PPS was conducted in the rainy season, then prescriptions for
antimalarials might be higher than if the PPS was done in the dry seasons. The reason
for this could also be that TB detection methods may be more robust in Uganda, which
may explain the lower prevalence of disease but higher use of drugs. Further analysis and
PPS would be required to explain the higher observed rates for unclassified antimicrobials
and drugs used in the treatment of TB and malaria seen in Uganda. Antimicrobials were
often prescribed when indication was documented (Figure 2). There is a need to improve
diagnostic capacity as diagnostic uncertainty might lead to the increase of antimicrobial
prescribing [36].

From the 4376 admitted inpatients across the 4 countries, 5.4% were treated with
antibiotics for systemic use for at least one healthcare-associated infection (HCAI). Out of
all therapeutic prescribing, community acquired infections were the most common reason
for antimicrobial use. The rates of HCAI were similar to a large study conducted across
acute care facilities in 28 countries in the EU/EAA, where 6.5% of patients had at least one
HCAI [37]. Although the European study was conducted over a much larger sample group,
the data show a trend towards similar rates of HCAI in the data presented in this study.

The chi-squared test of association revealed significant associations between age,
gender, countries, and AWaRe categories. Although the exact nature of the relation-
ship between variables is uncertain, the summary statistics (Supplementary Material:
Tables S3–S5) provide more insight into these associations. As observed from descriptive
analysis, reasons for antibiotic prescribing differ across populations with some age-specific
indications such as ‘medical prophylaxis for new-born risk factors’ mostly observed in
Tanzania and Uganda and gender-specific indications such as ‘prophylaxis for obstetric
or gynaecological surgery’ observed across all countries. While these partly explain sig-
nificant associations between antibiotic prescribing, gender, and age in specific countries
and the general population, our results reflect country-specific trends worthy of further
investigation.

Through the Global PPS programme and CwPAMS (for the participating hospitals),
all partnerships and additional hospitals in Ghana and Zambia have demonstrated the
strengthening of their healthcare workforce knowledge and capacity (Table 7) in the areas of
antimicrobial use surveillance and AMS. Prior to the programme, although other hospitals
had collated antimicrobial use data through PPS methodology, only one hospital in the
four countries had previously conducted data collection to the scale of the Global PPS.

Translating PPS findings into contextualised interventions can be challenging but all
CwPAMS health partnerships and hospitals involved have provided information regarding
key AMS interventions taken as a result of the Global PPS undertaken at their institutions.
These are summarised in Table 7 (for the full text, see Supplementary Data). In an evaluation
of the impact of the Global-PPS on local AMS programmes, prolonged surgical antibiotic
prophylaxis was the most common target for improvement identified [38]. This study also
highlights the need to focus on prolonged surgical antibiotic prophylaxis considering that
prescriptions for more than one day for surgical prophylaxis were common. However,
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antibiotics are only one component that can be used to reduce SSI. The inability to ensure a
sterile environment and optimal IPC conditions may result in overuse or antibiotics.

Variations in quality indicators were observed across countries. Consistent with this
study, the PPS in 6 reference hospitals in Tanzania observed an 84% adherence of antibiotic
prescriptions to the National Standard Treatment Guideline [24]. Similarly, a multi-centre
PPS in Ghana also recorded a level of non-compliance to national antimicrobial standard
treatment guidelines [39]. The variations observed could be influenced by varying national
antimicrobial prescribing policies, hospital protocols and the effectiveness of antimicrobial
stewardship intervention programs in study centres across all four countries.

The consistency of data collection via the G-PPS methodology adds rigor and validity
to the data presented here. The study demonstrates inclusivity with data obtained from 17
hospitals across four countries in 3 African regions, coupled with a good representation
of gender, age groups, and hospital sections. In addition, data were collected by trained
health professionals working, for the most part, as part of the Commonwealth Partnerships
for Antimicrobial Stewardship.

4. Materials and Methods

Training on the collection of surveillance data for the G-PPS reported in this paper
was provided to the CwPAMS health partnerships by the Global PPS team and the CPA,
supporting the development of evidence-based standards, guidelines, protocols and the
development of a mentorship programme to support sustainability. UK volunteers who
had experience of PPS also provided mentorship and in-country support during their visits
to Ghana, Uganda, Zambia, and Tanzania. Data collection was carried out by volunteers
from individual health partnerships. PPS were conducted between May and December
2019, using the G-PPS methodology as described elsewhere [18]. Data from 17 hospitals
across four countries: ten in Ghana, four in Uganda, two in Zambia and one in Tanzania
were collected and analysed. Follow-up data were collected in a second PPS for two
hospitals but only the data from the first survey are included here.

Age of patients were defined as: adult (≥18 years) Child (>1 month–≤17 years) or
neonate (≤1 month). Gender, age, diagnosis (reason for prescribing), indication (therapeu-
tic versus prophylactic prescribing), routes of administration, prescribed antimicrobials
dosing regimen, and causative microorganisms were all recorded. Data collection also
included a set of prescription-related quality indicators; Prescriptions with a documented
stop/review date, prescriptions with a documented indication, prescriptions that were
guideline compliant and prescriptions for which no guidelines were available. The G-PPS
data collection form is available via: https://www.global-pps.com/documents/ (accessed
on 15 September 2021).

Hospitals were classified as primary, secondary, or tertiary care hospitals. All inpa-
tients admitted at 8 a.m. on the day of the PPS were included and data were analysed by
country and ward type. The included wards were neonatal medical and intensive-care
units, paediatric medical, surgical or haematology-oncology ward and intensive-care units
and adult medical, pneumology, surgical, haematology-oncology wards, and intensive-care
units.

Prescribed antimicrobials were divided into four main categories using the WHO
AWaRe classification [14] and further grouped using the 2021 WHO ATC code classification
system [20]. AWaRe groups were Access, Watch, Reserve and Not Recommended. Those
that were not included in the classification were recorded as unclassified. Antimicrobials
were grouped into therapeutic subgroups (ATC 2 level) following the WHO ATC classifi-
cation system [20]. The therapeutic subgroups were antibacterials for systemic use (J01),
antimycotics and antifungals for systemic use (J02 and D01BA including griseofulvin and
terbinafine), drugs for treatment of tuberculosis (J04A), antibiotics used as intestinal anti-
infectives (A07AA), antiprotozoals used as antibacterial agents, nitroimidazole derivatives
(P01AB), antivirals for systemic use (J05) and antimalarials (P01B).

https://www.global-pps.com/documents/
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Antimicrobial stewardship interventions as a result of PPS data: leads of all hospitals
were asked to provide a short summary of AMS interventions, detailing the actions taken
and any follow up data as a result of the PPS.

Data analysis: The results were analyzed descriptively and analytically using the R
software (version 4.1.0) and Microsoft Excel (2016). Antimicrobial use prevalence rates
were reported by calculating the number of patients on at least one antimicrobial relative
to the number of admitted patients at the time of the PPS using Microsoft Excel (2016). The
chi-squared test of association was conducted to compare national data on antimicrobial
use and identify associations between dependent and independent variables within the
dataset using the R software. The tests investigated the association between countries,
gender, age groups, and antibiotic prescription across the AWaRe categories. Age was split
into three categories namely: neonates (>1 month), children (1 month–17 years), and adults
(18 years and above). Statistical significance was set at p < 0.05.

Ethics: Formal ethics approval was not required at any hospital as there was no direct
patient contact and all data were anonymized. All sites obtained approval from their
respective hospital administration. Ethics review and approval was sought and obtained
in Uganda and administrative clearance by the participating hospitals was also given. For
the four additional sites in Ghana, formal ethical approval was received.

5. Conclusions

The prevalence of antimicrobial use in the hospitals included in this study was
50% (30–57%), with most antibiotics prescribed belonging to the WHO ‘Access’ and ‘Watch’
groups. No ‘Reserve’ category antibiotics were prescribed across the study sites. Not
Recommended antibiotics were prescribed, albeit infrequently. This aligns with previ-
ously published data in that the ‘Access’ and ‘Watch’ category antibiotics are commonly
prescribed in LMICs, although to varying extents across countries.

As a result of the CwPAMS health partnership programme and collaboration with
other hospitals, PPS data are available for the most part for the first time, strengthening
the global commitment to improved antimicrobial surveillance. AMS interventions as a
result of the PPSs conducted include formation of AMS committees, preparation of new
AMS guidelines and provision of training. Other common interventions included the
presentation of findings to clinicians, thus supporting awareness and the multi-disciplinary
approach to successful AMS programmes.

In order to continue to monitor the impact of interventions, repeat PPS should be
carried out and to strengthen the quality of data, widening participation is encouraged.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antibiotics10091122/s1, Table S1: Most common reason for antimicrobial prescribing across 17
hospitals participating in the PPS, Table S2: Proportional use of ATC level 5-defined antimicrobials in
each of 4 countries, Table S3: Countries and Antibiotic Prescription by AWaRe Categories, Table S4:
Gender and Antibiotic Prescription by AWaRe Categories, Table S5: Age and Antibiotic Prescription
by AWaRe Categories. SInfo1: Antimicrobial Stewardship Intervention summaries.

Author Contributions: Conceptualization, D.A.-O., A.-K.L., N.O.-N. and J.A.O.; Data curation, D.A.
(Daniel Afriye), Z.A., D.A. (Daniel Ankrah), D.M.A., D.C.B., S.B., C.B., J.B., P.B., C.C.D., F.G., J.H.S., Y.J.,
F.E.K., I.M.K., M.M., S.M., C.M., N.O.-N., W.J.O., E.P.-Q., I.S., J.S. and A.S.C.J.; Formal analysis, N.D.,
D.A.-O. and O.O.; Methodology, D.A.-O., A.-K.L., N.O.-N., J.A.O. and I.P.; Project administration,
N.D.; Supervision, D.A.-O.; Writing—original draft, N.D., O.O., I.P. and A.V.; Writing—review and
editing, N.D., D.A.-O., D.A. (Daniel Afriye), Z.A., D.A. (Daniel Ankrah), D.M.A., D.C.B., S.B., C.B.,
J.B., P.B., C.C.D., F.G., J.H.S., Y.J., F.E.K., I.M.K., A.-K.L., M.M., S.M., C.M., N.O.-N., W.J.O., J.A.O.,
E.P.-Q., I.P., I.S., J.S., A.S.C.J. and A.V. All authors have read and agreed to the published version of
the manuscript.

Funding: This was funded by the Department of Health and Social Care using UK aid funding and
is managed by the Fleming Fund. The Fleming Fund is a £265 million UK aid investment to tackle
antimicrobial resistance by supporting low- and middle- income countries to generate, use, and
share data on AMR. The Fleming Fund programme is managed by the UK Department of Health

https://www.mdpi.com/article/10.3390/antibiotics10091122/s1
https://www.mdpi.com/article/10.3390/antibiotics10091122/s1


Antibiotics 2021, 10, 1122 14 of 15

and Social Care. CwPAMS programme is managed by Commonwealth Pharmacists Association
and Tropical Health Education Trust (THET). The views expressed in this publication are those of
the author and not necessarily those of the Department of Health and Social Care, the NHS, CPA
or THET. The Global Point Prevalence Survey is coordinated at the University of Antwerp, Belgium
and supported through an unrestricted grant given to them by bioMérieux and personal Methusalem
grant to Herman Goossens from the Flemish government; neither funder had a role with any of the
CwPAMS projects. None of the funders had any role in the design of the study; in the collection,
analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the
results.

Institutional Review Board Statement: All sites obtained approval from their respective hospital
administration. Ethics review and approval was sought and obtained in Uganda and administrative
clearance by the participating hospitals was also given. For the four additional sites in Ghana, formal
ethical approval was received.

Informed Consent Statement: Not applicable as there was no direct patient contact and all data
were anonymized.

Data Availability Statement: Not applicable.

Acknowledgments: All other members of the 12 CwPAMS partnerships that featured in this arti-
cle as well CPA and THET teams are acknowledged for their support, contributions, and shared
learning throughout the CwPAMS programme: The Commonwealth Pharmacist Association Cw-
PAMS programme Team: Victoria Rutter; Chloe Tuck; Sarah Cavanagh; Khor Wei Ping; Omotayo
Olaoye; Ayodeji Matuluko; Tropical Health Education Trust (THET) CwPAMS programme Team:
Will Townsend; Richard Skone-James; Beatrice Waddingham.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. WHO Antimicrobial Resistance: Fact Sheets. Available online: https://www.who.int/news-room/fact-sheets/detail/

antimicrobial-resistance (accessed on 3 February 2021).
2. McEwen, S.A.; Collignon, P.J. Antimicrobial Resistance: A One Health Perspective. Microbiol. Spectr. 2018, 6, 6–12. [CrossRef]
3. Cassini, A.; Högberg, L.D.; Plachouras, D.; Quattrocchi, A.; Hoxha, A.; Simonsen, G.S.; Colomb-Cotinat, M.; E Kretzschmar,

M.; Devleesschauwer, B.; Cecchini, M.; et al. Attributable deaths and disability-adjusted life-years caused by infections with
antibiotic-resistant bacteria in the EU and the European Economic Area in 2015: A population-level modelling analysis. Lancet
Infect. Dis. 2018, 19, 56–66. [CrossRef]

4. Howard, P.; Pulcini, C.; Levy Hara, G.; West, R.M.; Gould, I.M.; Harbarth, S.; Nathwani, D. An international cross-sectional
survey of antimicrobial stewardship programmes in hos-pitals. J. Antimicrob. Chemother. 2015, 70, 1245–1255.

5. Afriyie, D.K.; A Sefah, I.; Sneddon, J.; Malcolm, W.; McKinney, R.; Cooper, L.; Kurdi, A.; Godman, B.; Seaton, R.A. Antimicrobial
point prevalence surveys in two Ghanaian hospitals: Opportunities for antimicrobial stewardship. JAC-Antimicrobial Resist. 2020,
2, dlaa001. [CrossRef]

6. Klein, E.Y.; Van Boeckel, T.P.; Martinez, E.; Pant, S.; Gandra, S.; Levin, S.A.; Goossens, H.; Laxminarayan, R. Global increase and
geographic convergence in antibiotic consumption between 2000 and 2015. Proc. Natl. Acad. Sci. USA 2018, 115, E3463–E3470.
[CrossRef]

7. Laxminarayan, R.; Matsoso, P.; Pant, S.; Brower, C.; Røttingen, J.-A.; Klugman, K.; Davies, S. Access to effective antimicrobials: A
worldwide challenge. Lancet 2015, 387, 168–175. [CrossRef]

8. Talaat, M.; Saied, T.; Kandeel, A.; El-Ata, G.A.A.; El-Kholy, A.; Hafez, S.; Osman, A.; Razik, M.A.; Ismail, G.; El-Masry, S.; et al. A
Point Prevalence Survey of Antibiotic Use in 18 Hospitals in Egypt. Antibiotics 2014, 3, 450–460. [CrossRef] [PubMed]

9. Saleem, Z.; Hassali, M.A.; Versporten, A.; Godman, B.; Hashmi, F.K.; Goossens, H.; Saleem, F. A multicenter point prevalence
survey of antibiotic use in Punjab, Pakistan: Findings and implications. Expert Rev. Anti-infective Ther. 2019, 17, 285–293.
[CrossRef] [PubMed]

10. Dean, B.; Lawson, W.; Jacklin, A.; Rogers, T.; Azadian, B.; Holmes, A. The use of serial point-prevalence studies to investigate
hospital anti-infective prescribing. Int. J. Pharm. Pr. 2002, 10, 121–125. [CrossRef]

11. Willemsen, I.; Groenhuijzen, A.; Bogaers, D.; Stuurman, A.; van Keulen, P.; Kluytmans, J. Appropriateness of Antimicrobial
Therapy Measured by Repeated Prevalence Surveys. Antimicrob. Agents Chemother. 2007, 51, 864–867. [CrossRef]

12. Goossens, H. Global Point Prevalence Survey of Antimicrobial Consumption and Resistance (2019 GLOBAL-PPS). Available
online: https://www.global-pps.com/ (accessed on 12 January 2021).

13. Global Action Plan on Antimicrobial Resistance. Microbe Mag. 2015, 10, 354–355. [CrossRef]
14. WHO. WHO Releases the 2019 AWaRe Classification Antibiotics. Available online: https://www.who.int/medicines/news/2019

/WHO_releases2019AWaRe_classification_antibiotics/en (accessed on 12 January 2021).

https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
http://doi.org/10.1128/microbiolspec.ARBA-0009-2017
http://doi.org/10.1016/S1473-3099(18)30605-4
http://doi.org/10.1093/jacamr/dlaa001
http://doi.org/10.1073/pnas.1717295115
http://doi.org/10.1016/S0140-6736(15)00474-2
http://doi.org/10.3390/antibiotics3030450
http://www.ncbi.nlm.nih.gov/pubmed/27025755
http://doi.org/10.1080/14787210.2019.1581063
http://www.ncbi.nlm.nih.gov/pubmed/30755077
http://doi.org/10.1111/j.2042-7174.2002.tb00597.x
http://doi.org/10.1128/AAC.00994-06
https://www.global-pps.com/
http://doi.org/10.1128/microbe.10.354.1
https://www.who.int/medicines/news/2019/WHO_releases2019AWaRe_classification_antibiotics/en
https://www.who.int/medicines/news/2019/WHO_releases2019AWaRe_classification_antibiotics/en


Antibiotics 2021, 10, 1122 15 of 15

15. Sharland, M.; Gandra, S.; Huttner, B.; Moja, L.; Pulcini, C.; Zeng, M.; Cappello, B.; Cooke, G.; Magrini, N. Encouraging
AWaRe-ness and discouraging inappropriate antibiotic use—The new 2019 Es-sential Medicines List becomes a global antibiotic
stewardship tool. Lancet Infect Dis. 2019, 19, 1278–1280. [CrossRef]

16. World Health Organization. WHOCC-ATC/DDD Index. Available online: https://www.whocc.no/atc_ddd_index/ (accessed
on 28 November 2020).

17. Commonwealth Pharmacists Association. Commonwealth Pharmacists Association. Available online: https://commonwealthpharmacy.
org/ (accessed on 4 November 2020).

18. Versporten, A.; Zarb, P.; Caniaux, I.; Gros, M.-F.; Drapier, N.; Miller, M.; Jarlier, V.; Nathwani, D.; Goossens, H.; Koraqi, A.; et al.
Antimicrobial consumption and resistance in adult hospital inpatients in 53 countries: Results of an internet-based global point
prevalence survey. Lancet Glob. Heal. 2018, 6, e619–e629. [CrossRef]

19. WHO Collaborating Centre for Drug Statistics Methodology. ATC Structure and Principles. Available online: https://www.
whocc.no/atc/structure_and_principles/ (accessed on 2 February 2021).

20. Antimicrobial stewardship programmes in health-care facilities in low- and middle-income countries: A WHO practical toolkit.
JAC-Antimicrob. Resist 2019, 1, dlz072. [CrossRef] [PubMed]

21. Sartelli, M.; Hardcastle, T.C.; Catena, F.; Chichom-Mefire, A.; Coccolini, F.; Dhingra, S.; Haque, M.; Hodonou, A.; Iskandar, K.;
Labricciosa, F.M.; et al. Antibiotic Use in Low and Middle-Income Countries and the Challenges of Antimicrobial Resistance in
Surgery. Antibiotics 2020, 9, 497. [CrossRef] [PubMed]

22. Knowles, R.; Sharland, M.; Hsia, Y.; Magrini, N.; Moja, L.; Siyam, A.; Tayler, E. Measuring antibiotic availability and use in 20 low-
and middle-income countries. Bull. World Heal. Organ. 2020, 98, 177–187C. [CrossRef]

23. Pauwels, I.; Versporten, A.; Drapier, N.; Vlieghe, E.; Goossens, H.; Koraqi, A.; Hoxha, I.; Tafaj, S.; Cornistein, W.; Quiros, R.; et al.
Hospital antibiotic prescribing patterns in adult patients according to the WHO Access, Watch and Reserve classification (AWaRe):
Results from a worldwide point prevalence survey in 69 countries. J. Antimicrob. Chemother. 2021, 76, 1614–1624. [CrossRef]

24. Seni, J.; Mapunjo, S.G.; Wittenauer, R.; Valimba, R.; Stergachis, A.; Werth, B.J.; Saitoti, S.; Mhadu, N.H.; Lusaya, E.; Konduri, N.
Antimicrobial use across six referral hospitals in Tanzania: A point prevalence survey. BMJ Open 2020, 10, e042819. [CrossRef]

25. Hsia, Y.; Lee, B.R.; Versporten, A.; Yang, Y.; Bielicki, J.; Jackson, C.; Newland, J.; Goossens, H.; Magrini, N.; Sharland, M.; et al.
Use of the WHO Access, Watch, and Reserve classification to define patterns of hospital antibiotic use (AWaRe): An analysis of
paediatric survey data from 56 countries. Lancet Glob. Heal. 2019, 7, e861–e871. [CrossRef]

26. Labi, A.-K.; Obeng-Nkrumah, N.; Nartey, E.T.; Bjerrum, S.; Adu-Aryee, N.A.; Ofori-Adjei, Y.A.; Yawson, A.E.; Newman, M.J.
Antibiotic use in a tertiary healthcare facility in Ghana: A point prevalence survey. Antimicrob. Resist. Infect. Control. 2018, 7, 1–9.
[CrossRef]

27. Maina, M.; Mwaniki, P.; Odira, E.; Kiko, N.; McKnight, J.; Schultsz, C.; English, M.; Tosas-Auguet, O. Antibiotic use in Kenyan
public hospitals: Prevalence, appropriateness and link to guideline availability. Int. J. Infect. Dis. 2020, 99, 10–18. [CrossRef]
[PubMed]

28. Horumpende, P.G.; Mshana, S.E.; Mouw, E.F.; Mmbaga, B.T.; Chilongola, J.O.; De Mast, Q. Point prevalence survey of antimicrobial
use in three hospitals in North-Eastern Tanzania. Antimicrob. Resist. Infect. Control. 2020, 9, 1–6. [CrossRef]

29. Löfmark, S.; Edlund, C.; Nord, C.E. Metronidazole Is Still the Drug of Choice for Treatment of Anaerobic Infections. Clin. Infect.
Dis. 2010, 50, S16–S23. [CrossRef] [PubMed]

30. Alekwe, L.O.; Kuti, O.; Orji, E.O.; Ogunniyi, S.O. Comparison of ceftriaxone versus triple drug regimen in the prevention of
cesarean section infectious morbidities. J. Matern. Neonatal Med. 2008, 21, 638–642. [CrossRef]

31. Dancer, S. The problem with cephalosporins. J. Antimicrob. Chemother. 2001, 48, 463–478. [CrossRef]
32. Byrne, F.; Wilcox, M. MRSA prevention strategies and current guidelines. Injury 2011, 42, S3–S6. [CrossRef]
33. Lexley, M.; Pereira, P.; Phillips, M.; Ramlal, H. Third generation cephalosporin use in a tertiary hospital in Port of Spain, Trinidad:

Need for an antibiotic policy. BMC Infect Dis. 2004, 4, 1–7.
34. Paterson, D.L. Resistance in Gram-Negative Bacteria: Enterobacteriaceae. Am. J. Med. 2006, 119, S20–S28. [CrossRef] [PubMed]
35. World Health Organisation. Global Tuberculosis Report 2020. Available online: https://www.who.int/teams/global-tuberculosis-

programme/data (accessed on 15 September 2021).
36. Ndhlovu, M.; Nkhama, E.; Miller, J.M.; Hamer, D.H. Antibacterial prescribing practices for patients with fever in the transition

from presumptive treatment of malaria to “confirm and treat” in Zambia: A cross sectional study. Trop. Med. Int. Health 2015, 20,
1696–1706. [CrossRef]

37. Suetens, C.; Latour, K.; Kärki, T.; Ricchizzi, E.; Kinross, P.; Moro, M.L.; Jans, B.; Hopkins, S.; Hansen, S.; Lyytikäinen, O.; et al.
Prevalence of healthcare-associated infections, estimated incidence and composite antimicrobial resistance index in acute care
hospitals and long-term care facilities: Results from two European point prevalence surveys, 2016 to 2017. Eurosurveillance 2018,
23, 1800516. [CrossRef]

38. Pauwels, I.; Versporten, A.; Vlieghe, E.; Goosssens, H. Assessing the Learning Needs and Barriers for Implementation of Anti-Microbial
Stewardship in Hospitals That Have Participated in the Global Point Prevalence Survey on Antimicrobial Consumption and Resistance
(Global-PPS); ICPIC: Geneva, Switzerland, 2019.

39. Bediako-Bowan, A.A.A.; Owusu, E.; Labi, A.-K.; Obeng-Nkrumah, N.; Sunkwa-Mills, G.; Bjerrum, S.; Opintan, J.A.; Bannerman,
C.; Mølbak, K.; Kurtzhals, J.A.L.; et al. Antibiotic use in surgical units of selected hospitals in Ghana: A multi-centre point
prevalence survey. BMC Public Health 2019, 19, 1–10. [CrossRef] [PubMed]

http://doi.org/10.1016/S1473-3099(19)30532-8
https://www.whocc.no/atc_ddd_index/
https://commonwealthpharmacy.org/
https://commonwealthpharmacy.org/
http://doi.org/10.1016/S2214-109X(18)30186-4
https://www.whocc.no/atc/structure_and_principles/
https://www.whocc.no/atc/structure_and_principles/
http://doi.org/10.1093/jacamr/dlz072
http://www.ncbi.nlm.nih.gov/pubmed/34222945
http://doi.org/10.3390/antibiotics9080497
http://www.ncbi.nlm.nih.gov/pubmed/32784880
http://doi.org/10.2471/BLT.19.241349
http://doi.org/10.1093/jac/dkab050
http://doi.org/10.1136/bmjopen-2020-042819
http://doi.org/10.1016/S2214-109X(19)30071-3
http://doi.org/10.1186/s13756-018-0299-z
http://doi.org/10.1016/j.ijid.2020.07.084
http://www.ncbi.nlm.nih.gov/pubmed/32781162
http://doi.org/10.1186/s13756-020-00809-3
http://doi.org/10.1086/647939
http://www.ncbi.nlm.nih.gov/pubmed/20067388
http://doi.org/10.1080/14767050802220490
http://doi.org/10.1093/jac/48.4.463
http://doi.org/10.1016/S0020-1383(11)70125-5
http://doi.org/10.1016/j.amjmed.2006.03.013
http://www.ncbi.nlm.nih.gov/pubmed/16735147
https://www.who.int/teams/global-tuberculosis-programme/data
https://www.who.int/teams/global-tuberculosis-programme/data
http://doi.org/10.1111/tmi.12591
http://doi.org/10.2807/1560-7917.ES.2018.23.46.1800516
http://doi.org/10.1186/s12889-019-7162-x
http://www.ncbi.nlm.nih.gov/pubmed/31226974

	Introduction 
	Results 
	Characteristics of Included Hospitals and Eligible Patients 
	Prevalence of Antimicrobial Use 
	Reason for Prescribing Antimicrobials 
	Antibiotic Prescription by AWaRe Categories and Age, Gender and Countries 
	Quality Indicators for Prescribing 
	Antimicrobial Stewardship Interventions as a Result of PPS 

	Discussion 
	Materials and Methods 
	References

