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ABSTRACT

INTRODUCTION: Globally, antimicrobial resistance contributesto 1.27 million deaths annually, with
nearly 5 million deaths directly attributable to drug-resistant infections. In Rwanda, particularly in
the study setting, the burden of infection-causing microbes and antimicrobial resistance patterns
remains poorly understood. Hence, this study aimed to investigate the microbial profile and
antibiogram of clinical samples at Kibuye Level Il Teaching Hospital.

METHODS: A hospital-based retrospective cross-sectional study was conducted among samples
sent for microbiological testing from April to July 2025. We have included all microbial isolates with
positive culture results. Standard microbiological methods were used for organism identification
and antimicrobial susceptibility testing. Data entry and statistical analysis were performed using
SPSS version 27.

RESULTS: A total of 174 microbial isolates were included in this study. Pathogenic bacteria
accounted for 138 (78.9%) of the isolates; 3 (1.7%) grew yeast, and 34 (19.4%) were considered
possible contaminants (Coagulase-negative staphylococci). Gram-negative organisms were most
frequently identified, at 81.6% (111), with Salmonella Typhi (54, 31.0%) the most common,
followed by E. coli (23, 13.2%) and Staphylococcus aureus (20, 11.5%). Salmonella typhi showed
better sensitivity to Tetracycline (58%), but moderate resistance to Meropenem (58%) and
Ciprofloxacin (42%).

CONCLUSION: A high burden of multidrug resistance was observed among Gram-negative
pathogens. These findings underscore the urgent need to strengthen antimicrobial stewardship
and develop institution-specific antibiograms to inform empiric treatment guidelines. We
recommend routine surveillance and genomic sequencing to detect emerging resistant strains
and guide public health interventions.
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INTRODUCTION threat globally, leaving a significant adverse impact
on health care. The burden is disproportionately
Infection has become a substantial public health high in developing countries, contributing to
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iliness, death, and the high cost of care during a
patient’s hospital stay. Antimicrobial Resistance
(AMR) directly attributed to 1.27 million (95% Ul
0.911-1.71) deaths, where sub-Saharan Africa has
been affected most severely. The prevalence of
hospital-acquired infections is even higher than
in the community because of disease severity,
prolonged hospital stays, immunosuppression, and
the greater use of invasive devices, such as central-
line catheters, invasive mechanical ventilation, and
Foley catheters [1].

AMR is the emerging global health threat
contributing to huge morbidity and mortality in
healthcare settings. It is predicted that in a decade,
mortality due to AMR may surpass all case-related
mortality due to chronic diseases and cancer:
the emerging resistance and limited availability
of antimicrobials contribute to the management
challenge. Middle East and North Africa (MENA)
countries showed a high proportion of Gram-
negative infections with varying levels of resistance
across different hospital floors. Multi-Drug
Resistance (MDR) for Pseudomonas Aeruginosa is
becoming alarmingly high [2].

Sub-Saharan Africa has a growing, highly migratory
population with a double burden of trauma and
communicable diseases. Enterobacteria and
Salmonella Typhi are the most commonly isolated
bacteria, with resistance patterns ranging from
31% to 94.2% for cephalosporine and carbapenem
groups [1]. Carbapenem, a new generation of drug,
especially in LMICs, showed resistance patterns of
1% and 86% in the Middle East Countries during
the years 2006-2018 [3]. Gram-negative bacteria
are primarily responsible for Intensive Care Unit
(ICU)-acquired infections, and Extended (XDR) or
Multidrug-Resistant (MDR) strains are increasingly
isolated, including carbapenem-producing
Klebsiella pneumoniae (KPC), Acinetobacter spp.,
and Pseudomonas aeruginosa [4].

Rwanda, especially in Kigali, has observed a
growing increase in the prevalence of Gram-
negative bacteria with MDR for Imipenem and
Gentamycin [5]. Local epidemiological data
and antibiograms are valuable for optimized
empirical antibiotic therapy for severe hospital-
acquired infections. Antimicrobial susceptibility of
pathogens can vary markedly between hospitals
and different units within the same hospital. The
Emergency Department (ED) receives the largest
proportion of patients who require immediate
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empiric antimicrobial initiation. It is therefore
necessary to monitor prevalence and antimicrobial
susceptibility patterns to modify antimicrobial
hospital policy. This study aims to identify the
organisms causing infection and assess their drug
susceptibility patterns. The epidemiological and
antibiogram characteristics will be compared.

METHODS

Study Area and Period

A retrospective cross-sectional study was
conducted at Kibuye Referral Hospital in Karongi,
Rwanda. Kibuye Referral Hospital is located in
the Western Province, Karongi District, Kibuye
town, 130 kilometers west of Kigali, Rwanda. It
is a Level Il Referral Hospital with a bed capacity
of 210. The hospital started a new microbiology
service in March 2025. Kibuye Referral Hospital is
one of the affiliated sites of Africa Health Sciences
University (AHSU). The microbiology Department
primarily performs aerobic Bacteriology Cultures
on various clinical specimens, including blood,
urine, stool, sputum, tracheal aspirate, pus/
wound swab, CSF, synovial fluid, and Body fluids
(ascites, pleural fluid, synovial fluid). The study
was conducted from April 1st to July 31st 2025. All
Patients for whom microbiology testing showed
culture-positive results for any clinical specimen
sent for Bacteriology were included in the study
population.

Sample Size and Sampling Technique

Records of all patients for whom any clinical
specimen was sent to the microbiology laboratory
for culture were assessed. All patients with
positive culture results from any clinical specimens
collected and sent during the study period were
included in the study. Duplicated isolates from the
same patient were excluded.

Data Collection

A pre-tested, structured questionnaire was used
to collect information on socio-demographic
characteristics and detailed microbiology results. A
trained laboratory professional collected the data.

Laboratory Testing

Specimen collection and processing: For patients
admitted to the hospital who needed microbiology
testing, clinical specimenswere collected for culture
and drug sensitivity testing according to standard
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microbiological procedures. Sputum, endotracheal
aspirates, swabs, urine, blood, catheter specimens,
stool, and drainage samples were collected, based
on clinical indications of infections during patients'
hospital stays. Sterile tools and containers were
used to avoid contamination. As routine practice,
collected clinical specimens are transported to the
microbiology department immediately. All patients
with positive bacterial isolates were included in the
study.

The sample was streaked or inoculated onto the
appropriate culture medium using sterile tools.
Plates were incubated at a controlled temperature
(usually 35-37°C) for 18-48 hours, depending on
the organism. Incubation conditions (aerobic or
anaerobic) were selected based on the suspected
pathogen. After incubation, colonies were
examined for size, shape, color, hemolysis (on
blood agar), and growth pattern. Gram staining
was performed to determine whether the bacteria
were gram-positive or gram-negative.

Biochemical testing, including catalase, oxidase,
coagulase, and sugar fermentation, was used to
identify the organism.

Antimicrobial Susceptibility Testing: Antibacterial
susceptibility testing for the most commonly
used antibiotics for a given microorganism was
performed for all potential pathogens isolated
from any sample site. The Kirby-Bauer Disk
Diffusion Method was the standard technique
used to determine bacterial susceptibility to
antibiotics. After inoculation and incubation, zones
of inhibition (clear areas around the disks where
bacteria did not grow) were measured. The size of
each zone was compared to a standardized chart to
classify the bacteria as Sensitive (S), Intermediate
(1), or Resistant (R) to each antibiotic.

Data Quality Assurance

The Data abstraction tool was prepared in English.
One week before data collection, the questionnaire
was pre-tested on 5% of the required sample size
at Kibuye Referral Hospital to ensure that the
research questions were unambiguous and were
then modified accordingly. Before data collection,
all data collectors were trained by the principal
investigator. The collected data was checked daily
for consistency and accuracy. Known bacterial
strains were used as positive quality control strains
throughout the procedure.
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Data Processing and Analysis

The collected data were checked for completeness
and clarity before data entry and analysis. The data
were then coded into multiple variables to help
achieve the defined objectives. Data entry and
analysis were performed using Statistical Package
for the Social Sciences (SPSS) version 27. Data
were summarized and presented using descriptive
measures, such as tables, figures, and percentages.

Ethical Consideration

Ethical approval was obtained from the Institutional
Review Board of Kibuye Referral Hospital. Because
the study involved a review of the laboratory
registry, written informed consent was not
required. All information obtained from the study
participants is kept confidential and used only for
this research. The study incurred no costs for the
study participants.

RESULTS

Demographic characteristics

This study reviewed 174 microbial isolates
collected between April and July 2025. Males
accounted for 94 (53.7%). The median age was
21.5 years. A total of 142 samples were collected
from Kibuye Referral Hospital, and the remaining
6,5, 5, 3, and 3 were collected from Kirinda District
Hospital, Karongi community, Musango Health
Center, Murunda District Hospital, and Kibingo
Health Center, respectively. The highest pathogen
isolation frequency was observed in samples
from the Internal Medicine ward (IM), 42 (24%),
followed by the Pediatric ward, 37 (21.1%), and the
Emergency Department, 34 (19.4%). The ICU had
the lowest representation, with only four samples
(Table 1).

Overview of isolates

The majority of isolates were from Blood samples
(103, 58.52%), followed by urine (33, 18.75%), stool
(15, 8.52%), and pus (12, 6.82%). Gram-negative
organisms were most frequently identified, 111
(81.6%). Of the 174 samples, 138 (78.9%) yielded
pathogenic bacteria, 3 (1.7%) grew yeast, and 34
(19.4%) were considered possible contaminants.
The predominant pathogen was Salmonella
Typhi, accounting for 31.0% (95% Cl: 24.6 — 38.3),
followed by Coagulase-Negative Staphylococcus at
19.5% (95% Cl: 14.3 — 26.1) and Escherichia Coli at
13.2% (95% Cl: 9.0 — 19.1). Staphylococcus Aureus
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Table 1: Sociodemographic and Clinical characteristics of patients by Microbiology result at

Kibuye Referral Hospital, 2025

Characteristic Category Count (n)
Age group 0-28 days 22
28 days — 1 year 6
1-18 years 48
19-64 years 86
>65 years 12
Sex Male 94
Female 80
Department Internal Medicine 42
Pediatrics 37
Emergency 34
From other hospitals 21
NICU 13
Surgery 12
Gyn/Obs 11
ICU 4

NICU = Neonatal Intensive Care Unit, Gyn/Obs = Gynecology/Obstetrics, ICU = Intensive Care Unit

represented 11.5% (95% Cl: 7.6—17.1) of isolates,
while other bacterial species collectively accounted
for 10.3% (95% Cl: 6.6-15.8). Less frequently
isolated organisms included Vibrio Cholerae (5.2%,
95% Cl: 2.7-9.5), Neisseria Gonorrhoeae (4.0%,
95% Cl: 2.0-8.1), and Enterobacter spp. (2.3%,
95% Cl: 0.9-5.8). Fungal isolates were rare, with

Candida Albicans and non-albicans Candida species
comprising 1.7% (95% Cl: 0.6—4.9) and 1.1% (95%
Cl: 0.3-4.1), respectively (Table 2).

Antimicrobial resistance pattern
The overall resistance pattern across all tested
antibiotics showed that Cotrimoxazole had the

Table 2: Distribution of Bacterial and Fungal Isolates from Clinical Samples at Kibuye Referral

Hospital, 2025
Organism Count % 95% CI
Salmonella typhi 54 31.0 24.6-38.3
Coagulase-negative 34 19.5 14.3-26.1
Staphylococcus (CoNS)
Escherichia coli (all) 23 13.2 9.0-19.1
Staphylococcus aureus 20 11.5 7.6-17.1
Others 18 10.3 6.6-15.8
Vibrio cholerae 9 5.2 2.7-9.5
Neisseria gonorrhoeae 7 4.0 2.0-8.1
Enterobacter spp. 4 2.3 0.9-5.8
Candida albicans 3 1.7 0.6-4.9
Candida non-albicans 2 1.1 0.3-4.1

Cl= Confidence interval, %=Percentage
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Table 3: Antibiotic Susceptibility Profiles of Bacterial Isolates from Kibuye Referral

Hospital, 2025

Antibiotic % Resistant 95% CI
Cotrimoxazole 43.4 33.2-54.1
Amoxicillin 30.1 21.3-40.7
Meropenem 30.1 21.3-40.7
Ciprofloxacin 25.3 17.2-35.6
Gentamycin 19.3 12.2-29.0
Ceftriaxone 18.1 11.3-27.7
Chloramphenicol 18.1 11.3-27.7
Vancomycin 14.5 8.5-23.6

highest resistance rate at 43.4%, followed by
Amoxicillin and Meropenem, both at 30.1%.
Ciprofloxacin resistance was observed in 25.3%
of isolates. Lower resistance rates were noted
for Gentamicin (19.3%), Ceftriaxone (18.1%), and
Chloramphenicol (18.1%).

Vancomycin demonstrated the lowest resistance at
14.5%. These findings indicate significant resistance
to first-line oral agents (cotrimoxazole, amoxicillin)
and an alarming 30.1% resistance to meropenem,
suggesting the presence of carbapenem-resistance
mechanisms in a substantial proportion of isolates.
Gentamicin, ceftriaxone, and chloramphenicol
retain relatively better activity, while vancomycin
remains the most effective agent tested (Table 3).

The majority of the isolates were tested against
11 antimicrobial agents. E. Coli showed high-
level resistance to Amoxicillin-Clavulanate (80%),
Chloramphenicol (67%), and Tetracycline (89%).
Meropenem resistance was alarmingly high (58%)

among Salmonella Typhiisolates. At the same time,
Ceftriaxone retained 58% susceptibility. Salmonella
typhi showed moderate resistance to Ciprofloxacin
(42%) and Amoxicillin (42%). At the same time, it
showed better sensitivity to Gentamycin (67%),
Chloramphenicol (58%), and Tetracycline (58%).

Staphylococcus aureus showed high resistance
to  Amoxicillin = (89%), Meropenem  (89%),
Chloramphenicol (89%), and Ceftriaxone (78%). At
the same time, Vancomycin (67%) and Tetracycline
(56%) show higher sensitivity to both Ciprofloxacin
and Cotrimoxazole than to Ciprofloxacin alone
(44%). Vibrio cholerae showed 100% sensitivity to
Ciprofloxacin, Gentamycin, and Chloramphenicol.

Meropenem was used most frequently among
Salmonella typhi (58%) and E. coli (33%).
Intermediate fluoroquinolone resistance was seen
in E. coli, Salmonella typhi, and S. aureus at 50%,
42%, and 56%, respectively. Levofloxacin shows
similar resistance patterns (67% in E. coli and 57%

Table 4: Antibiotic Sensitivity and Resistance Profiles of Selected Clinical Bacterial Isolates at

Kibuye Referral Hospital, 2025

Isolate AMC CRO cip GEN MEM VAN C TET IPM AMK LvX

Type Sensitive/Intermediate/Resistant

E. coli 10/10/80 17/17/67 33/17/50 54/8/38 67/0/33 0/0/100 33/0/67 11/0/89 67/0/33 67/0/33 33/0/67
50/8/42 58/17/25 42/17/42  67/8/25 33/8/58 0/0/100 58/8/33 58/0/42 50/0/50 42/0/58 50/0/50

Staph 11/0/89 11/11/78 44/0/56 33/11/56  11/0/89 67/11/22 11/0/89 56/0/44 11/0/89 11/0/89 44/0/56

aureus

Vibrio 0/0/100 100/0/0 100/0/0 100/0/0 0/0/100

cholera

AMC: Amoxicillin-Clavulanate, CRO: Ceftriaxone, CIP: Ciprofloxacin, GEN: Gentamicin, MEM: Meropenem,
VAN=Vancomycin, C=Chloramphenicol, TET=Tetracycline, IPM=Imipenem, AMK=Amikacin, and LVX=Levofloxacin; S/I/
R=Sensitive/Intermediate/Resistant; dash (-) indicates that the antibiotic was not tested for that isolate.

Rwanda Medical Journal, Vol. 83, SI, p. 81-88, June 2026. https://dx.doi.org/10.4314/rmj.v83i2.13s -85-




Shimber et al.

Neisseria Gonorrhea) (Table 4).
DISCUSSION

In this study, we analyzed 174 microbial isolates
obtained from general inpatients between April
and July 2025, of which 138 (78.9%) vyielded
significant pathogenic growth. Among these,
Gram-negative bacteria predominated (81.6%),
with Salmonella Typhi as the leading isolate
(31%), followed by Escherichia coli (13.2%) and
Staphylococcus aureus (11.5%).

These findings indicate a considerable burden of
bloodstream and enteric pathogens in our patient
population. Globally, the WHO reports an ongoing
rise in bacterial AMR, contributing to 1.27 million
deathsannuallyandassociated with nearly 5 million
deaths worldwide, with estimates suggesting
that bacterial AMR could cause 39 million deaths
between 2025 and 2050 if not urgently addressed.
[6] Compared to studies in developed countries,
where E. coli and Klebsiella pneumoniae often
dominate inpatient bloodstream infections, our
data reveal a much higher proportion of Salmonella
species. This reflects persistent differences in
infection epidemiology between sub-Saharan
Africa and high-income countries, likely linked
to environmental sanitation, water safety, and
healthcare infrastructure [7].

The distribution of isolates in our dataset has
patterns similar to those reported in East Africa,
where Gram-negative bacteria frequently account
for the majority of inpatient infections. In a
Rwandan tertiary hospital, Gram-negative isolates
comprised ~89% of pathogens, dominated by
E. coli, Klebsiella, and Salmonella species. At the
same time, Gram-positives, such as Staphylococcus
aureus and coagulase-negative staphylococci,
accounted for a smaller fraction [8]. Similarly,
a review across East African referral hospitals
identified Salmonella, E. coli, and Klebsiella
as leading causes of bloodstream infections.
However, the proportion of Salmonella typhiin our
setting appears substantially higher than in most
comparable reports [9,10]. Remarkably, unlike
many regional studies, our dataset discovered
almost no Klebsiella pneumoniae isolates, despite
its frequent association with hospital-acquired
infections elsewhere. Our non-focused sampling
strategy could explain this difference: we included
general inpatients without distinguishing between
community-acquired and nosocomial infections,
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nor focusing on high-risk populations such as ICU
or neonatal patients, where Klebsiella typically
predominates. Moreover, the high burden of
typhoidal Salmonella and other enteric pathogens
in our study may reflect an overrepresentation
of community-acquired bloodstream infections,
which can lead to underestimation of hospital-
acquired pathogens such as Klebsiella. This
highlights the importance of stratifying AMR
surveillance by infection focus and patient
population in future studies to better distinguish
between community and hospital-acquired
patterns.

Our findings reveal widespread multidrug
resistance (MDR) among common pathogens,
similar to regional and global trends. E. coli showed
high resistance to amoxicillin (80%), cotrimoxazole
(75%), and ceftriaxone (67%), while retaining
relatively lower resistance to meropenem.
Similarly, Staphylococcus aureus demonstrated
very high resistance to beta-lactams (amoxicillin,
89%, ceftriaxone, 78%) and meropenem (89%),
with preserved sensitivity to vancomycin (67%) and
tetracycline (56%), suggesting possible methicillin
resistance. These resistance patterns are consistent
with Rwandan and East African studies reporting
ceftriaxone resistance rates above 70% and high
prevalence of ESBL-producing Enterobacteriaceae.
However, our data indicate worryingly high
carbapenem resistance, particularly meropenem
resistance of 58% in Salmonella typhi and 33%in E.
coli. This is considerably higher than most regional
and global reports, where carbapenem resistance
remains below 15% in Rwanda and Pakistan, and
much lower in developed countries (<5%). These
findings highlight an urgent need for enhanced
stewardship programs and routine susceptibility
testing to preserve the efficacy of last-resort
antibiotics [11,12].

A prominent finding in this study is the high
prevalence of Salmonella typhi, which accounted
for 31% of all isolates. This contrasts with trends
in much of the developed world, where S. typhi is
rare and bloodstream infections are more often
caused by nosocomial Gram-negative bacteria or
Staphylococcus aureus. [13] Among our isolates,
resistance to ciprofloxacin (42%), amoxicillin
(42%), and meropenem (58%) was concerning,
though tetracycline (58% sensitive) remains a
practical option. Greater sensitivity to gentamicin
in multidrug-resistant S. typhi was also observed
in a study conducted in Bangladesh. [14] Recent
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WHO data from sub-Saharan Africa indicate that
fluoroquinolone resistance in S. typhi is rising
but rarely exceeds 25% in most regions. [15] The
higher resistance rates in our setting may reflect
unregulated antibiotic access, prior empirical use,
or circulation of multidrug-resistant Salmonella
lineages in the community. This highlights the
need for local guidelines and targeted surveillance
to optimize empiric therapy for suspected typhoid
infections. Also, further genomic sequencing
to identify endemic and outbreak pathogens is
paramount.

CONCLUSION

Our findings expose systemic challenges relevant
to AMR control. First, high pre-culture antibiotic
use seen in up to 98% of patients in Rwandan
studies likely also affects our setting and may
artificially inflate resistance estimates.[9] Second,
limited laboratory capacity in rural and semi-
urban facilities, combined with fragmented AMR
surveillance, hinders early detection of resistant
strains. Third, the observed carbapenem resistance
among Salmonella and E. coliis alarming, given the
reliance on carbapenems as reserve agents. Finally,
WHO and Africa CDC advocate for implementing
AWaRe-based stewardship frameworks, enhanced
culture practices, and expanded antibiogram
networks. [16] Our study provides critical local
data underscoring these recommendations and
demonstrates that empiric therapies must be
guided by routine susceptibility testing to curb the
spread of multidrug-resistant pathogens.

This study revealed a significant burden of bacterial
infections among hospitalized patients, with Gram-
negative organisms predominating and Salmonella
Typhi contributing substantially. The antibiogram
shows significant multidrug resistance in E. coli,
Salmonella Typhi, and S. aureus, particularly to
commonly used antibiotics such as Amoxicillin,
Cotrimoxazole, and Ceftriaxone, and alarming
levels of resistance to reserve antibiotics, such
as meropenem, among Salmonella Typhi and
E. coli. Although Meropenem, Amikacin, and
Ceftazidime-Avibactam are more effective against
Gram-negative bacteria, and Vancomycin and
Tetracycline are more effective against S. aureus,
the overall resistance pattern indicates a narrowing
of effective treatment options.

These findings underscore the urgent need for
antimicrobial stewardship and institution-specific
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antibiogram development to inform empiric
treatment  guidelines.  Additionally,  routine
surveillance and genomic sequencing are crucial
for detecting emerging resistant strains and
guiding public health interventions. With the
increasing burden of AMR, the impact extends
from individual patients to strain the entire health
system.
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