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Background: Wound infections are a major cause of morbidity and are increasingly
complicated by antimicrobial resistance. This study determined the bacterial etiology and
antimicrobial susceptibility patterns of wound infections at a regional referral hospital in
Eastern Uganda. Methods: A laboratory-based cross-sectional study was conducted at Mbale
Regional Referral Hospital between May and August 2023. Wound swabs from 210 patients
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with clinically suspected wound infections were cultured, bacterial isolates identified using
standard microbiological methods, and antimicrobial susceptibility testing performed
according to CLSI 2023 guidelines. Results: Bacterial growth was detected in 41.9% (88/210)
of wound swabs. Gram-negative organisms predominated, accounting for 61.4% (54/88) of
isolates. The most common pathogens were Escherichia coli (22/88, 25.0%), Staphylococcus
aureus (18/88, 20.5%), coagulase-negative staphylococci (14/88, 15.9%), and Klebsiella
pneumoniae (13/88, 14.8%). MRSA prevalence among S. aureus isolates was 61.1% (11/18;
95% CI: 35.8-82.7%). High resistance was observed to ampicillin, ceftriaxone, gentamicin,
and ciprofloxacin. Overall, 28.4% (25/88) of isolates were multidrug resistant. Conclusion:
Wound infections at Mbale Regional Referral Hospital were characterized by Gram-negative
predominance and substantial antimicrobial resistance, including high MRSA and multidrug
resistance rates. Routine microbiological testing, infection prevention measures, and
antimicrobial stewardship are needed to support effective wound infection management.

Introduction

(ESBL)-producing Enterobacteriaceae, and

Wound infections remain a major cause of illness in
low- and middle-income countries, where trauma,
burns, surgical procedures are common [1-3].
Disruption of the skin barrier allows bacterial
colonization that may delay healing and increase the
risk of sepsis, prolonged hospitalization, and death
[4-6]. In many sub-Saharan African healthcare
settings, limited resources, delayed healthcare
seeking, and gaps in infection prevention further
increase the burden of wound-related infections [7,8].
The management of wound infections has become
increasingly complicated by antimicrobial resistance
(AMR). Resistance to commonly used antibiotics
such as ampicillin, ceftriaxone, and ciprofloxacin
reduces treatment effectiveness and limits therapeutic
options [9-12].  Resistant pathogens including
methicillin-resistant Staphylococcus aureus
(MRSA), extended-spectrum beta-lactamase
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carbapenem-resistant organisms have increasingly
been reported in wound infections globally and across
Africa [13-16].

Studies from Ugandan referral hospitals have
identified Staphylococcus aureus, Escherichia coli,
and Klebsiella species among the leading causes of
wound infections, with increasing multidrug
resistance reported among these pathogens [17-20].
However, many available studies have focused on
specific wound categories such as burns or surgical
site infections, limiting broader understanding of
wound pathogens encountered in routine clinical
practice. This study therefore aimed to characterize
bacterial isolates from infected wounds at Mbale
Regional Referral Hospital and determine their
antimicrobial susceptibility patterns to inform
clinical management and local antimicrobial
stewardship efforts.

© 2020 The author (s). Published by Zagazig University. This is an open access article under the CC BY 4.0 license https://creativecommons.org/licenses/by/4.0/.


https://creativecommons.org/licenses/by/4.0/

5092

Mabonga, H., et al /Microbes and Infectious Diseases 2026; 2026; 7(5): 5091-5096

Methods

Study Design and Setting

This was a laboratory-based, descriptive cross-
sectional study conducted at Mbale Regional Referral
Hospital (MRRH) in Eastern Uganda. The hospital
serves as a major referral center for over 16 districts
and a population of more than four million people.
The study was carried out between May and August
2023 in surgical, orthopedic, maternity, and
outpatient wards where patients with wounds were
managed.

Study Population and Sampling

The study population included both inpatients and
outpatients presenting with clinical signs of wound
infection. Patients of all ages with wounds showing
evidence of infection (such as pus, increased
swelling, or delayed healing) were eligible. Critically
ill patients, those in intensive care, and individuals
with mental incapacity to consent were excluded.
Sample size was calculated using the Kish and Leslie
formula (1965), with an assumed wound infection
prevalence of 16.4% from previous regional data
[21], yielding a total sample of 210 participants.
Sample Collection and Transport

Following informed consent, wound swabs were
aseptically collected using sterile cotton-tipped
applicators. Samples were immediately placed into
sterile containers, sealed in zip-lock bags, and
transported in cold chain conditions to the MRRH
Microbiology Laboratory for analysis. Each sample
was accompanied by a unique identification code and
laboratory request form.

Microbiological Analysis

Swab samples were inoculated onto Blood agar,
MacConkey agar, and Chocolate agar, and incubated
aerobically at 37°C for 24 hours. Chocolate agar
plates were placed in anaerobic jars to enhance
recovery of fastidious bacteria. Colony morphology
was examined, and isolates were subjected to Gram
staining.

Gram-positive bacteria were identified using
catalase, coagulase, and DNase tests. Gram-negative
bacteria were differentiated using biochemical tests
including  Indole, Voges-Proskauer,  Urease,
Simmons Citrate, Triple Sugar Iron (TSI), and
Oxidase tests [15, 19, 22].

Antimicrobial Susceptibility Testing (AST)

All significant isolates underwent AST using the
Kirby-Bauer disc diffusion method on Mueller-
Hinton agar, in accordance with Clinical and
Laboratory Standards Institute (CLSI) guidelines,
2023 edition. A 0.5 McFarland standard suspension
was prepared for each isolate.

The following antimicrobial discs were used for
susceptibility  testing:  ampicillin (10  pg),
amoxicillin/clavulanic acid (20/10 pg), ceftriaxone
(30 pg), gentamicin (10 pg), ciprofloxacin (5 pg),
meropenem (10 pg), vancomycin (30 pg), cefoxitin
(30 pg), clindamycin (2 pg), tetracycline (30 pg),

erythromycin (15 ug), piperacillin (100 pg), and
piperacillin/tazobactam (100/10 pg). Zones of
inhibition were measured using a Vernier caliper and
interpreted according to CLSI 2023 guidelines.
Detection of MRSA

Methicillin-resistant Staphylococcus aureus (MRSA)
was detected phenotypically using Cefoxitin (30 pg)
discs as a surrogate marker. Testing was performed
on Mueller-Hinton agar supplemented with 4% NacCl.
A 0.5 McFarland bacterial suspension was uniformly
swabbed onto the agar, and Cefoxitin discs applied.
Plates were incubated at 37°C for 24 hours, and
inhibition zones measured. Resistance was defined as
a zone <21 mm.

Quality Control

To ensure accuracy, standard control strains were
used:  Escherichia coli  (ATCC  25922),
Staphylococcus aureus (ATCC 25923),
Pseudomonas aeruginosa (ATCC 27853).

Strict adherence to Standard operating proceedures
was maintained throughout sample collection, culture
preparation, and AST.

Data Collection and Analysis

Sociodemographic and clinical data were collected
using a structured questionnaire. Laboratory data
were compiled and analyzed using STATA version
12. Descriptive statistics summarized frequencies and
proportions. Chi-square tests were used to assess
associations between categorical variables, with
statistical significance set at p < 0.05.

Ethical Considerations

The study was approved by the Mbarara University
of Science and Technology Research Ethics
Committee ~ (MUST-REC: MUST-2023-795).
Administrative clearance was obtained from the
Mbale District Health Office and the Mbale Regional
Referral Hospital Research Committee. Written
informed consent was obtained from all adult
participants prior to enrollment. For participants
younger than 18 years, written informed consent was
obtained from a parent or legal guardian, and assent
was obtained where appropriate. Participation was
voluntary, and participants were informed of their
right to decline or withdraw from the study at any
time without affecting their care. To maintain
confidentiality, participant identifiers were not
recorded on laboratory forms or study databases, and
all study data were stored in password-protected files
accessible only to the research team.

Results

Socio-demographic ~ characteristics ~ of  study
participants

A total of 210 patients with clinically suspected wound
infections were enrolled. The mean age was 20 years
(SD %10 years), with 46.1% (83/210) aged between 1-
17 years, 35.6% (64/210) aged 18-30 years and 18.6%
(33/210) aged over 31 years. Males comprised 55.8%
(115/210) of participants, while females accounted for
44.2% (91/210).

Surgical procedures were the leading cause of wounds,
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reported in 77.7% (108/210) of cases. Other causes
included bites (10.1%), burns (8.6%), and accidents
(3.6%).

Etiological agents that cause wound infections among
patients

Of the 210 wound swabs cultured, 88 (41.9%) yielded
bacterial growth. Among the culture-positive samples,
Gram-negative bacteria accounted for 61.4% (54/88) of
isolates, while Gram-positive bacteria accounted for
38.6% (34/88). The most frequently isolated organisms
were Staphylococcus aureus (20.5%, 18/88), coagulase-
negative staphylococci (15.9%, 14/88), Escherichia coli
(25.0%, 22/88), and Klebsiella pneumoniae (14.8%,
13/88). Less frequently isolated organisms included
Pseudomonas aeruginosa, Citrobacter spp., Proteus
spp., Streptococcus pyogenes, and Acinetobacter
baumannii (Table 1).

Antimicrobial susceptibility across isolated bacterial
pathogens

MRSA prevalence among Staphylococcus aureus
isolates was 61.1% (11/18; 95% CI: 35.8-82.7%).
Among Gram-positive organisms, resistance to

clindamycin and erythromycin was common among S.
aureus, occurring in 58.8% and 50.0% of isolates,
respectively. All tested Gram-positive isolates remained
susceptible to vancomycin.

Among  Gram-negative  organisms,  substantial
resistance was observed to commonly prescribed
antibiotics,  particularly  ampicillin,  ceftriaxone,
gentamicin, and ciprofloxacin. Escherichia coli,
Klebsiella pneumoniae, and Citrobacter freundii
exhibited the highest levels of resistance, with
ciprofloxacin resistance reaching 77.3% among E. coli
and 83.3% among C. freundii. In contrast, meropenem
retained activity against all Gram-negative isolates
except a single multidrug-resistant Acinetobacter
baumannii isolate. For Pseudomonas aeruginosa,
susceptibility was substantially higher to piperacillin-
tazobactam (80.0%) than to piperacillin alone (20.0%).
Multi-drug resistance in isolated bacteria

Multidrug resistance (MDR), defined as resistance to
three or more antimicrobial classes, was identified in
28.4% (25/88) of bacterial isolates as shown in table 3.

Table 1. Distribution of bacterial isolates recovered from infected wounds

Bacterial species Frequency (n=88) Percentage (%)
Escherichia coli 22 25.0
Staphylococcus aureus 18 20.5
Coagulase-negative staphylococci 14 15.9
Klebsiella pneumoniae 13 14.8
Citrobacter freundii 6 6.8
Pseudomonas aeruginosa 5 5.7
Proteus vulgaris 3 3.4
Proteus mirabilis 2 2.3
Streptococcus pyogenes 2 2.3
Acinetobacter baumannii 1 1.1
Klebsiella aerogenes 1 11
Citrobacter kisani 1 11
Total 88 100.0

Table 2A. Antimicrobial susceptibility patterns of Gram-negative bacterial isolates

Organism n |[AMP R|AMC R|CEF R|GEN R|CIP R|MEM R
(%) (%) (%) (%) (%) (%)
Escherichia coli 22 | 13(59.1) 3(13.6) 10 (45.5) | 12 (54.6) 17 (77.3) | 0(0.0)
Klebsiella 13 | 4/6 (66.7) | 1/6 (16.7) | 9(69.2) 7(53.8) 7112 0 (0.0)
pneumoniae (58.3)
Citrobacter freundii 6 | 4/4(100.0) | 4/4 (100.0) | 4 (66.7) 3(50.0 5(83.3) 0 (0.0)
Proteus vulgaris 3 | 2/2(100.0) | 1/2 (50.0) 1(33.3) 0 (0.0) 0(0.0) 0(0.0)
Proteus mirabilis 2 | NT NT 0 (0.0) 1 (50.0) 2 (100.0) | 0(0.0)
Pseudomonas 5 | NT NT 2 (40.0) 1(20.0) 1(20.0) 0(0.0)
aeruginosa
Acinetobacter 1 (0(0.0) 0(0.0) 1(100.0) | 1(100.0) 1(100.0) | 1(100.0)
baumannii

AMP- Ampicillin; AMC-Amoxicillin-Clavulanic acid; CEF, Ceftriaxone; GEN, Gentamicin; CIP- Ciprofloxacin; MEM, Meropenem; TE,
Tetracycline; CD, Clindamycin; ERY, Erythromycin; VAN, Vancomycin; PIP, Piperacillin; PTZ, Piperacillin-Tazobactam. Certain
antimicrobial agents were tested only against organisms for which CLSI interpretive criteria were available.
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Table 2B. Antimicrobial susceptibility patterns of Gram-positive bacterial isolates

Organism n [FOXR (%)|CDR (%) |ERY R (%) VAN R (%)
Staphylococcus aureus 18(11 (61.1) |10 (58.8) 9 (50.0) 0 (0.0)
Coagulase-negative staphylococci (14 |NT NT NT NT
Streptococcus pyogenes 2 |NT 2 (100.0) 2 (100.0) 0 (0.0)
Table 3. Frequency distribution of multidrug-resistant bacterial isolates.
Bacterial species Total isolates (n) MDR isolates (n) MDR (%)
Staphylococcus aureus 18 10 55.6
Escherichia coli 22 6 27.3
Klebsiella pneumoniae 13 3 23.1
Pseudomonas aeruginosa | 5 1 20.0
Proteus spp. 5 1 20.0
Citrobacter freundii 6 4 66.7
Streptococcus pyogenes 2 0 0.0
Total 88 2 28.4
Discussion for serious wound infections. Similar trends reported

This study characterized the bacterial etiology of
wound infections at Mbale Regional Referral
Hospital and demonstrated a predominance of Gram-
negative organisms. Escherichia coli was the most
frequently isolated pathogen, followed by
Staphylococcus aureus, coagulase-negative
staphylococci, and Klebsiella pneumoniae. Similar
pathogen distributions have been reported in other
Ugandan and African healthcare settings, where
Enterobacteriaceae and S. aureus account for a
substantial proportion of wound infections [9, 12,
23].

Surgical wounds accounted for more than three-
quarters of all wounds sampled, highlighting the
importance of postoperative wound care and
infection prevention measures. Surgical site
infections remain a major healthcare-associated
infection in low-resource settings and may reflect
challenges related to aseptic technique, wound care
practices, patient overcrowding, and limited infection
prevention resources (3,7).

The predominance of E. coli and K. pneumoniae is
consistent with reports from other African referral
settings [9, 10, 24]. These organisms are commonly
associated with healthcare environments and
previous antibiotic exposure and are increasingly
recognized as important causes of wound and surgical
site infections. Their persistence may be facilitated by

prolonged hospitalization, overcrowding, and
inadequate infection prevention and control
measures.

High resistance to ampicillin among

Enterobacteriaceae reflects patterns reported across
Africa [22, 25]. The increased empirical use of this
inexpensive antibiotic likely contributes to sustained
selective pressure. Resistance to ceftriaxone and
ciprofloxacin is more concerning, given their role as
second-line agents in Uganda [26, 27]. Reduced
susceptibility to these drugs limits available options

in Ethiopia and other East African countries [20, 24,
28], suggest a wider regional antimicrobial resistance
challenge.

Meropenem remained effective against most Gram-
negative isolates. However, the single isolate of
Acinetobacter baumannii was multidrug resistant,
including resistance to meropenem. Although based
on one isolate, this finding is concerning, as
carbapenem-resistant non-fermenters are
increasingly reported globally [20, 29, 30].

MRSA prevalence among S. aureus isolates was
61.1%, indicating a substantial burden of methicillin
resistance within the hospital. Similar high MRSA
rates have been reported in wound infection studies
from Uganda and other African countries [11, 31, 32].
The presence of MRSA complicates empirical
treatment, increases reliance on reserve antibiotics,
and reinforces the need for strengthened infection
prevention measures and antimicrobial stewardship
programs.

Overall, 28.4% of bacterial isolates were multidrug
resistant. The highest MDR proportions were
observed among Citrobacter freundii and
Staphylococcus aureus, while MDR was also
detected among E. coli, K. pneumoniae, P.
aeruginosa, and Proteus spp. Similar MDR patterns
have been reported across Africa and reflect
increasing selective pressure from widespread
antibiotic use. [33]. The presence of MDR pathogens
reduces treatment options and may contribute to
prolonged hospitalization, increased healthcare costs,
and poorer clinical outcomes.

Pseudomonas aeruginosa demonstrated greater
susceptibility to piperacillin-tazobactam than to
piperacillin alone, suggesting that p-lactamase
inhibition may improve antimicrobial activity against
some isolates. This finding supports the importance
of susceptibility-guided therapy when managing
infections caused by non-fermenting Gram-negative
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organisms [34].

Given the resistance patterns observed, empirical
therapy alone may be insufficient in some cases. The
presence of MRSA and multidrug-resistant Gram-
negative organisms may contribute to delayed wound
healing, prolonged hospitalization, increased
treatment costs, and poorer clinical outcomes.
Routine culture and susceptibility testing, supported
by regular hospital antibiograms, would improve
prescribing practices. Broader surveillance and
molecular studies could further clarify resistance
mechanisms and guide future interventions.

Study limitations

This study did not include molecular testing;
therefore, specific resistance genes were not
identified. In addition, information on prior antibiotic
use among participants was limited, which may have
influenced the resistance patterns observed.
Conclusion

Wound infections at Mbale Regional Referral
Hospital were predominantly associated with surgical
wounds and were characterized by a substantial
burden of antimicrobial resistance. The high
prevalence of MRSA and multidrug-resistant Gram-
negative pathogens raises concerns about the
continued effectiveness of commonly used empirical
therapies. These findings highlight the need to
strengthen infection prevention practices within
surgical care, promote routine microbiological
diagnosis, and use local susceptibility data to guide
antibiotic prescribing. Sustained surveillance will be
critical to monitor emerging resistance and support
antimicrobial stewardship efforts in the region.
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