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Abstract: Antimicrobial resistance (AMR) is a global threat associated with high morbidity and
mortality, particularly in low- and middle-income countries. Inappropriate use of antimicrobials is
one of the major drivers of the AMR pandemic. This study aims to evaluate the rate and quality of
antimicrobial prescription and use at the University Teaching Hospital of Kigali (CHUK), a tertiary
referral and teaching hospital. A point prevalence survey (PPS) of antimicrobial prescription was
conducted using the Global PPS tool, including the healthcare-acquired infections (HAI)-module.
On the day of PPS, 39.3% (145/369) of the patients were prescribed at least one antimicrobial. Out of
259 prescribed antimicrobials, 232 (89.6%) were antibacterials of which 151 (65.1%) belonged to the
Watch-group of the WHO AWaRe classification. Top three antibiotics prescribed were cefotaxime
(87; 37.5%), parenteral metronidazole (31; 13.4%); and meropenem (23; 9.9%). Stop/review of the
prescribed antimicrobials was documented in 27/259 prescriptions (10.4%). Surgical prophylaxis
(SP) was prescribed for more than one day in 83.3% of 61. Samples for culture were sent for 27.1%
(63/232) of all prescribed antibiotics. This PPS showed a high usage of Watch antibiotics, prolonged
surgical prophylaxis and other poor-quality indicators. Therefore, there is an urgent need for
antimicrobial stewardship interventions.

Keywords: antimicrobial stewardship; Low- and middle-income countries; point prevalence
survey; Rwanda tertiary hospital; teaching hospital; antimicrobial resistance.
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1. Introduction

Antimicrobial resistance (AMR) is an increasing global health challenge, ranked fifth among the
ten WHO highlighted threats affecting the public health [1]. AMR caused an estimated 1.27 million
deaths globally in 2019, and it is projected to increase to 10 million deaths per year by 2050 if no
effective interventions are implemented in response to the current situation [2,3]. Existing evidence
revealed that inappropriate prescription and use of antimicrobials are major drivers for the
development and spread of AMR [4]. In 2015, the WHO set a global action plan for AMR, with
antimicrobial stewardship (AMS) in human health, defined as the promotion of rational usage of
antimicrobials, as one of its cornerstones [5].

Healthcare providers may contribute to the emergence of AMR through irrational antimicrobial
prescription practices, hospitalizing severely ill and/or immunosuppressed patients prone to multi-
drug resistant organisms (MDRO)-infections which may speed up the spread of infections together,
and poor infection prevention and control practices at the healthcare facilities [6—12].

In addition, low-and-middle-income countries (LMICs) including African countries such as
Rwanda, are challenged with the lack of highly trained personnel, particular in infection prevention
and control in healthcare facilities, limited awareness among healthcare providers about the
importance and best practices in regulating the prescription and use of antibiotics. Furthermore, the
high burden of a wide range of infectious diseases, limited hygiene and sanitation, limitations in the
quality, transportation, and storage of medicinal products, as well as misuse of drugs, are heavily
contributing to the rapidly growing burden of AMR [13].

Despite the growing evidence about AMR at the national level in Rwanda, there is still little to
no up-to-date knowledge at hospital level in the country [14-17]. At the time of this study, no data
on antimicrobial use in Rwandan hospital settings, particularly a tertiary and teaching hospitals like
CHUK were available. Therefore, this report provides baseline information on the prescription and
usage of antimicrobials at hospital level to guide the implementation of evidence-based antimicrobial
stewardship program in the country.

2. Results
2.1. Prevalence of Antimicrobial Usage at Hospital and Departmental Levels

A total of 369 patients were enrolled in this study; of which 282 (76.5%) were adults, 75 (20.3%)
were children and 12 (3.2%) were neonates. Sixty-one patients (16.5%, n=369), were referred from
other healthcare centers and 41 (67.2%) of them were already on antimicrobials before their current
hospitalization at CHUK. Hospital-wide the prevalence of patients on antimicrobials was 39.3%
(145/369), and 97% (141/145) of the patients on antibiotics were receiving at least one antibiotic. A
total of 81 patients (58.9%) were receiving more than one antimicrobial. Figure 1 illustrates the
antimicrobial prevalence by the healthcare units in which patients were hospitalized including
medical treatment, surgical care, and intensive care for adults, pediatric and neonatology (Figure 1).
High antimicrobial prevalences were noted in patients in the pediatric surgical ward (PSW), pediatric
intensive care unit (PICU), and neonatology intensive care unit (NICU) with prevalences of 68.8%
(11/16), 80% (8/10) and 75% (9/12), respectively. The lowest antimicrobial prevalence was observed
in the adult medical ward (AMW) with 28.3% (41/145) but increased to 40.5% (51/126) in the adult
surgical ward (ASW) and to 54.5 % (6/11) in the adult intensive care unit (AICU). The remaining
pediatric wards had prevalences of 30% (3/10) at the hematology-oncology ward (HOPMW) and 41%
(16/39) at the medical ward (PMW).
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Figure 1. Antimicrobial prevalence per population groups and healthcare units.

Overall, the most prescribed antibiotic classes were beta-lactams (147/232, 63.4%), followed by
imidazole derivates (31/232, 13.4%,) and glycopeptides (GP) (17/232, 7.3%,). Sixty-four percent
(95/147) of the prescribed beta-lactams consisted of 3rd generation cephalosporins (3GCS), mainly
cefotaxime (n=87), and ceftriaxone (n=8), followed by carbapenems (23/147, 15.6%), namely
meropenem. The distribution of the five most prescribed antibiotics at ward level are illustrated in
Figure 2. Carbapenem prevalence was 22.2% (4/18) in the PSW, 37.5% (3/8) in the AICU and 23.5%
(4/17) in the PICU. At the PICU, glycopeptide prevalence was 41.2% (7/17).
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Figure 2. Distribution of the five most prescribed antimicrobials at healthcare unit level. Healthcare
units include: AMW: Adults Medical Ward; ASW: Adult Surgical Ward; AICU: Adult Intensive Care
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Unit; PMW: Pediatric Medical ward; PSW: Pediatry Surgical ward; PICU: Pediatric Intensive Care
Unit; NICU: Neonatology Intensive Care Unit.

Antibiotics belonging to the WHO Access group were representing 35% (81/232) while the
Watch group was representing 65% of all prescriptions. The ICU departments had the highest
proportion of Watch antibiotics 72% (31/43), followed by the surgical wards 64.3% (63/98), and the
medical wards 59% (56/95). Sixty-four percent (96/151) of all prescribed Watch antibiotics were 3GCS,
with 57.6% (87/151) of them being cefotaxime, followed by carbapenems (meropenem) with 15.2%
(23/151) and glycopeptides (vancomycin) with 11.2% (17/151). The most prescribed antibiotics in the
Access group was metronidazole (IV) at 43.2% (35/81) (Figure 2).

2.2. Indications for Antimicrobial Usage

A 178 out of 259 (68.7%) antimicrobials were prescribed for treatment of infections, whereas 81
out of 259 (31.3%) for prophylaxis, of which 61 (75.3%) for surgical prophylaxis. The top five
indications for antimicrobial treatment were respiratory infections (RI), including bronchitis and
pneumonia counting 20.2% (36/178), followed by skin and soft tissue infections (SSTI) with 14.6%
(26/178), tuberculosis 10.7 % (19/178), intra-abdominal infections (IA) with 9 % (16/178), and central
nervous system infections (CNS) and sepsis with 7.3% each (13/178). Figure 3 illustrates the
distribution of antibacterials prescribed for the top five indications for treatment. The top four
indications for prophylaxis were for medical and surgical conditions of gastro-intestinal 30.8%
(25/81), bone and joint with 18.5% (15/81) and medical prophylaxis for maternal risk factors (MP-
MAT) and newborn risk factors (NEO-MP) such as very low birth weight representing with 13.6%

(11/81) each.
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Figure 3. Distribution of most prescribed antibacterials in the top five diagnosis (TB excluded). The
treatment target include: RI: Respiratory Infections including pneumonia and bronchitis; SST: skin
and soft tissue infections; IA: intra-abdominal infections; CNS: central nervous system infections.

Sixty-one (61) antimicrobials were prescribed to 42 patients for surgical prophylaxis. The most
prescribed antimicrobials were 3GCS (62.3%,38/61) and metronidazole (13.2%, 8/61). Only 1.6% (1/42)
of the patients received a 1st generation cephalosporin (1GC). Of all 42 patients for whom surgical
prophylaxis was prescribed, 7 (16.6%) received a single dose, while the remaining 35 (83.3%) received
multiple doses extended to more than one day.

Out of the 178 prescribed antimicrobials for treatment, 71% (127) were for community-acquired
infections (CAI), while 29% (51) were for hospital-acquired infections (HAI). The overall prevalence
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of HAI in the hospital was 9.5% (35/369 patients). However, among patients receiving antibiotics, this
prevalence of HAI increased to 24.8% (35/141 patients). The main HAI were surgical site infections
(SSI) counting for 37.1% (13/35), followed by non-intervention related HAI other than BSI (31.4%),
intervention related infections (20%), and blood stream infections (BSI) (11.4%). The top three
antibacterials prescribed for CAI were third-generation cephalosporins (3GCs) at 38.8% (40/103),
metronidazole at 16.5% (17/103), and glycopeptides at 10.7% (11/103). For hospital-acquired
infections (HAI), the most frequently prescribed antibacterials were 3GCs at 28.6% (14/49), followed
by carbapenems at 26.5% (13/49), and metronidazole at 12.2% (6/49).

Two-hundred and four out of 259 (78.8%) prescribed antimicrobials were administered
parenterally compared to 54 (20.8%) and one (0.4%) orally and intramuscularly respectively.
Parenteral antimicrobials exceeded 90% in the pediatric department and 70% in the adult department.
A reason for prescription was present in the patient file for the treatments of 239 (92.3%), but only
105 (40.5%) prescriptions were based on an elevated biomarker of infection (WBC, CRP). For 62 (24%)
prescriptions, a body fluid or tissue sample was sent to the microbiology lab for culture and
antimicrobial sensitivity testing (AST).

In the subset of patients receiving targeted antimicrobial treatment, the commonly isolated
bacteria were Escherichia coli 12/22 (54.5%) among which 41.7% were extended-spectrum beta-
lactamases producing bacteria (ESBL). Additionally, 8.3% were Third Generation Cephalosporins
resistant bacteria (3GCREB), and 33.3% were both, ESBL and 3GCREB. They were followed by
Klebsiella pneumoniae and Acinetobacter spp with 13.6% (n=3) each and their phenotypic resistance were
33.3% of ESBL and 33.3% of Carbapenem-resistant Non fermenters (CR-NF), respectively. Only two
(9%) Staphylococcus aureus were isolated and none showed resistance. Other isolated bacteria were
one Enterococcus spp. and one Pseudomonas Aeruginosa, with resistance profile of Vancomycin-resistant
enterococci (VRE) and CR-NF, respectively. Antimicrobials were prescribed for empiric use in 220
(85%) cases and only 34 (15.5%) of these prescriptions had sent samples to the microbiology
laboratory for culture and AST. In all prescribed antimicrobials, patients missed some doses of
antibiotics that were supposed to be taken in 17.4% (45/259) prescriptions. Guidelines were only
assessed on tuberculosis cases; other prescriptions of antimicrobial were made without having
guidelines. Table 1 includes data of the different quality indicators of antimicrobial prescription in
the pediatric and adult departments.

Table 1. Quality indicators of antimicrobial prescription (N=259).

Indicators Pediatric (N=90) Adult (N=169) Overall (N=259)
Parenteral administration route 83 (92.2%) 122 (72.2%) 205 (79.1%)
Reason in notes 88 (97.8 %) 151 (89.3%) 239 (92.3%)
Treatment based on biomarkers 33 (36.7%) 72 (42.6%) 105 (40.5%)
Sample for culture sent to the lab 13 (14.4%) 50 (29.6%) 63 (24.3%)
Targeted therapy 8 (8.9 %) 31 (18.3 %) 39 (15%)
Stop/review date documented 3 (3.3 %) 24 (14.2 %) 27 (10.4%)

3. Discussion

To the best of our knowledge, this PPS was the first to be conducted in a Rwandan hospital and
it gives baseline information on antimicrobial prescription and use at a tertiary care facility in a LMIC
settings. This PPS showed several areas for improvement, gaps in antimicrobial prescription and use
at CHUK. Hospital-wide, prevalence of patients on antimicrobials was 38% with a wide variation
between the different healthcare units. This overall prevalence is comparable to observations in other
tertiary hospitals from the East-African region such as a tertiary-care referral hospital in Tanzania
with 38%, [18] but lower than the observed prevalence in certain hospitals in other African countries
[19,20]. However, prevalence of antimicrobial use in patients varied between 55 to 80% in certain
healthcare units such as the adult ICU, pediatric ICU, and pediatric surgical ward. This could be
attributed to several factors including higher rate of bacterial infections among specific population
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groups, very small number of patients in certain subgroups, prevalence of healthcare acquired
infections (such as intravascular device- related and surgical site infections) in these healthcare units,
as well as capacity and practices in implementing effective infection prevention and control measures
in the different healthcare units.

Sixty-five percent (65%) of all prescribed antimicrobials belonged to the Watch group of the
WHO AWaRe classification, such as third generation cephalosporins, carbapenems and
glycopeptides. This rate is comparable to some Sub-Saharan African countries such as Tanzania and
Democratic Republic of Congo [18,21]. However, compared to other LMICs, this is relatively high
[22-25]. This may be due to different factors such as limited knowledge of the WHO AWaRe
Classification and AWaRe antibiotic guideline and the large antibacterial spectrum of Watch
antibiotics. Others contributing factors might be the limited choice and/or availability of certain
Access antibiotics, the lack of local treatment guidelines and microbiological diagnosis as well as lack
of stewardship program in many LMICs [26-29]. At CHUK and in particular at the ICUs, besides the
forementioned reasons, the presence of many severely ill patients and long hospital stays may have
contributed to this high Watch prescription level [30].

As in many other WHO regions, 3GCS (e.g., ceftriaxone and cefotaxime) were the most
prescribed antimicrobials, followed by metronidazole [20,31,32]. This was the case for treatment as
well as prophylaxis of infection. This finding is a concern given the role of 3GCS in the selection of
extended-spectrum beta-lactamase (ESBL)-producing bacteria [33,34]. The highest rate of 3GCS
prescription was recorded in adult surgical wards (55.3%). These findings are comparable to reports
from countries such as Kenya (55%) and Bangladesh (44.6%) [31]. One of the reasons is their high
usage for surgical prophylaxis, although international guidelines recommend using first generation
cephalosporins (with or without metronidazole, depending on the type of surgery), which cover most
bacteria involved in surgical site infections [35]. The high prescription level of 3GCs might also be
due to their use in the treatment of postoperative infections, because of their broad-spectrum activity
in both Gram-positive and Gram-negative bacteria [36].

Besides the high level of 3GCS prescription for surgical prophylaxis, the duration of surgical
prophylaxis exceeded one day in 84% of the patients. This finding is lower compared to findings from
Tanzania, Uganda and Zambia reporting prolonged SP in more than 96% of the cases [37].
International guidelines as well as the WHO antibiotic guide recommend for most cases a single dose
of surgical antibiotic prophylaxis with cefazolin for surgical interventions not exceeding 4 hours
[35,38] The prolonged SP at CHUK could be explained by different factors such as the prescription
behavior of healthcare providers, fear of post operation SSI, inadequate Infection prevention control
(IPC) measures the lack of a local SP guideline, little awareness of the WHO SP guideline, and poor
recording of stop and review dates.

In addition, 3GCS and other Watch antibiotics were prescribed for community-acquired
infections in 56% of the cases, whereas the WHO antibiotic guide and AWaRe classification often
recommends otherwise [39]. This prescription behavior can be explained by several reasons, such as
the lack of local guidelines, inadequate microbiological diagnostics and AMR surveillance, which
could tailor adequate and locally adapted empiric antimicrobial prescription if present.

Eighty-five percent of all antimicrobials were prescribed empirically with 62% of the antibiotics
being of Watch class. A possible explanation lies in the fact that CHUK is a tertiary care and referral
hospital, treating patients already having received first-line (Access) antimicrobials. This finding is
comparable to the finding from studies done in Northern & Southern Europe and other African
Countries [40-43]. Surprisingly, in only 14.3% of the empirical treatments samples of body fluids
were sent to the microbiology laboratory for culture and AST. This is comparable to findings from
other PPS reports [40,41]. The low number of samples sent to the laboratory may be due to low
diagnostic prescription of the treating physicians; confidence of physicians in their empirical
prescription practices [30]; little expectations of getting AST results on time due to limited technical
expertise and overall limited laboratory capacities. In addition, the microbiology lab at CHUK is often
confronted with supply issues regarding blood culture bottles, antibiotic disks, and reagents required
for culture and AST, hampering even more the adequate diagnosis of infectious diseases.
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The samples sent for culture showed a worrying amount of multi drug resistant organisms, such
as ESBL producing and 3GCS resistant enterobacterales, CPE and carbapenem resistant non
fermenters. However, because of the low number of samples sent, no robust conclusions on the
hospital epidemiology at CHUK can be drawn for the moment.

The antimicrobial prescribing quality was suboptimal, illustrated by low to very low levels of
oral administration, absence of guidelines, and limited documentation of stop or review date in the
patient files. However, the reason for antimicrobial prescription was noted in the patient files in more
than 90% of the cases. This is in line with many other African countries, having performed a PPS
[37,43]. The potential drivers are diverse and need further exploration to be elucidated. However,
possible explanations for these observations may include the poor documentation habits of
healthcare providers, the availability of drugs for parenteral routes comparatively to oral drugs,
limited awareness of the international guidelines, inadequate evidence-based information to create
local guidelines, limited awareness of health care providers on the advantage of usings oral
antibiotics.

This is the first PPS conducted at the University Teaching Hospital of Kigali, implemented by
the healthcare providers who have been trained using the G-PPS tool. This study provides a baseline
data for CHUK and serves as reference to other tertiary hospitals in Rwanda and regional LMIC
settings. Our survey has a couple of limitations. First, the PPS was conducted on different days
however each ward was entirely surveyed on a single day as per the protocol. Second, the PPS
provides a snapshot of antimicrobial prescription data at a single time point, which does not capture
the overall hospital antimicrobial prescription practices, over time. Therefore, additional
measurements and interventions will be performed such as auditing SP practices in order to confirm
the findings of the PPS.
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4. Materials and Methods

This is a descriptive study that was conducted at CHUK, a tertiary-care and teaching hospital,
located in Nyarugenge district, Rwanda. CHUK has a bed capacity of 519 beds for hospitalization
and an average occupancy level of 81%. The PPS was conducted as part of the Antimicrobial
Stewardship program (ASP), following the protocol of the Global PPS of Antimicrobial Consumption
and Resistance (Global-PPS) project (https://www.global-pps.com/) from 27th -30th March, 2023. The
Global-PPS data collection was performed using the basic PPS protocol to survey inpatient
antimicrobial use, and the additional healthcare-associated infections (HAI) PPS module (Global-PPS
protocol version 2023) (Ref: Supplementary document).

Prior to the conduct of the PPS, multidisciplinary teams consist of nurses, physicians,
pharmacists, microbiologists, quality assurance personnels were trained on the usage of the G-PPS
tool and a pilot survey was conducted. The ethical approval to conduct PPS was obtained from
CHUK division of research, education and Training.

All data were collected from the patient files and included all inpatients occupying a bed at 8:00
AM on the day of the PPS. In addition to the data on the use of antimicrobials, we also collected
patient demographics and medical information including healthcare unit of admission. Collected
data for all patients on antimicrobials at the time of the study included age, sex, biomarker of
inflammation (white blood cell count, CRP, PCT), information on the type and results of culture(s) of
body fluids and/or tissue. Additionally, we collected information on the name of prescribed
antimicrobial, start date, dosage, and administration route, diagnosis and type of indication
(healthcare-associated versus community-acquired infection, surgical or medical prophylaxis).
Furthermore, we collected information about documentation of stop/review date of antimicrobial
treatment and the reason for prescribing in patient notes; presence/absence of as well as compliance
to (local) guidelines, and the number of missed doses. If the antimicrobial treatment was targeted
based on microbiological results, the type of micro-organism(s) and their resistance profile(s) were
noted. For the HAI module, additional data were collected for all patients on antimicrobials,
including the presence of invasive devices and underlying morbidities.

Data analysis: Data were entered into the web-based application for Global-PPS data entry, an
in-house built application for data-entry, validation and reporting, developed by the University of
Antwerp. Data were extracted in Microsoft Excel (2021), analyzed descriptively and results were
expressed as frequencies and percentages. Antibiotics were categorized as Access, Watch, Reserve,
or Not Recommended  following the 2023 WHO  AWaRE  classification
(https://www.who.int/publications/i/item/WHO-MHP-HPS-EML-2023.04). The HAI prevalence was
calculated by dividing the number of patients receiving at least one antimicrobial for an HAI by the
total number of admitted patients at the time of the survey.

5. Conclusions

This survey highlights different gaps that are associated with irrational prescription and usage
of antibiotics, and it calls for urgent need to establish and implement a local and national
antimicrobial stewardship program to optimize the usage of antibiotics and further exploring the
drivers of the prescribing behaviors.
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