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Abstract
Background: Environmental contamination in intensive care units (ICUs) is a recognized concern due to its
potential role as a reservoir for pathogenic and antimicrobial-resistant bacteria. Understanding the extent
and patterns of contamination is essential for strengthening infection prevention and control strategies,
particularly in resource-limited settings.

Methods: A cross-sectional environmental surveillance study was conducted in the ICU of Mbarara Regional
Referral Hospital. A total of 34 high-touch surfaces were sampled using sterile pre-moistened swabs over a
standardized area. Bacterial identification was based on colony morphology, hemolytic patterns, Gram
staining, and microscopic characteristics. Antimicrobial susceptibility testing was performed using the disc
diffusion method, with zones of inhibition measured in millimeters and interpreted as sensitive,
intermediate, or resistant according to standard guidelines.

Results: Of the 34 environmental samples collected, 32 (94.1%) yielded bacterial growth, resulting in a total
of 40 isolates. Gram-positive bacteria accounted for 21 isolates (52.5%), while Gram-negative bacteria
accounted for 19 isolates (47.5%). Common isolates included Staphylococcus aureus, Klebsiella species,
and Escherichia coli. Antimicrobial susceptibility testing revealed varying resistance patterns across
commonly used antibiotics, with notable resistance observed among several isolates. Descriptive patient
data indicated frequent use of broad-spectrum antibiotics within the ICU.

Conclusions: This study demonstrates a high level of bacterial contamination on ICU surfaces, with diverse
organisms exhibiting varying antimicrobial resistance patterns. While no direct relationship between
environmental contamination and patient infections was established, the findings highlight the importance
of maintaining stringent infection prevention and control practices. Further studies incorporating advanced
microbiological techniques are recommended to better understand transmission dynamics in ICU settings.
The findings highlight the urgent need for strengthened antimicrobial stewardship programs and routine
culture and sensitivity testing in resource-limited ICU settings.

Categories: Other, Therapeutics, Epidemiology/Public Health
Keywords: antibiotic susceptibility, antimicrobial resistance, environmental contamination, intensive care unit,
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Introduction
Antimicrobial resistance (AMR) is a major global public health threat, responsible for at least 1.27 million
deaths worldwide and associated with nearly five million deaths in 2019 [1]. Projections from a review
commissioned by the United Kingdom government estimated that AMR could result in up to 10 million
deaths annually by 2050 [1]. The misuse and overuse of antimicrobials in humans, animals, and agriculture
are the primary drivers of the emergence and spread of drug-resistant pathogens [2]. Despite ongoing global
efforts to address AMR, data on intensive care unit (ICU)-acquired infections and AMR patterns in low-
resource settings, including Uganda, remain limited.

There is high use of antibiotics in the ICU and high mortality rates among ICU patients. However, in our
setting, this is not well studied. The most common ICU-acquired infections include pneumonia, particularly
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ventilator-associated pneumonia (VAP), surgical site infections (SSIs), catheter-related bloodstream
infections (CRBSIs), and catheter-associated urinary tract infections (CAUTIs) [3,4]. Rates of ICU-associated
hospital-acquired infections (HAIs) are generally higher in low- and middle-income countries compared to
high-income countries, with a greater burden of multidrug-resistant organisms (MDROs), especially among
Gram-negative bacteria [5,6]. ICU patients are frequently treated with broad-spectrum antibiotics, which
exert selective pressure and promote the development and persistence of AMR among commonly
encountered pathogens [7].

HAIs are a leading cause of morbidity and mortality in ICUs and are commonly caused by organisms such as
Enterococcus spp., Klebsiella spp., Acinetobacter spp., Pseudomonas aeruginosa, and members of the
Enterobacteriaceae family [8]. These pathogens can persist on environmental surfaces and medical
equipment and may be transmitted through direct contact or via healthcare workers [9].

Environmental surfaces within ICUs serve as important reservoirs for pathogenic bacteria and play a
significant role in the transmission of healthcare-associated infections. This study was therefore conducted
to assess bacterial contamination and AMR patterns on environmental surfaces in the ICU of Mbarara
Regional Referral Hospital. Additionally, descriptive patient data were collected to provide contextual
insight into antibiotic use within the unit. The findings are intended to inform infection prevention and
control practices and contribute to the growing body of evidence on environmental surveillance in critical
care settings.

Materials And Methods
Study design, study area, and setting
A cross-sectional environmental surveillance study was conducted aimed at assessing bacterial
contamination and AMR patterns on ICU surfaces of Mbarara Regional Referral Hospital (MRRH), Uganda. In
addition, retrospective data on antibiotic use, patient outcomes, medical history, and sociodemographic
characteristics were extracted from the medication charts of patients admitted to the ICU between January
2022 and June 2023. Patient-related data were included for descriptive purposes only and were not linked
analytically to environmental isolates.

Study population
The minimum sample size of 87 patients was determined using a single population proportion formula,
assuming a 95% confidence level, a two-sided margin of error of 5%, and an estimated AMR prevalence of
6% based on a previous study [10]. All patients admitted to the ICU during the study period who received at
least one antibiotic were considered eligible. Patients with incomplete or illegible medical records were
excluded. Clinical, medication, and treatment outcome data were collected using a pretested data collection
form. Ultimately, all eligible patients encountered during the study period were included, resulting in a final
sample size of 109. This larger sample enhanced the precision and robustness of the study findings.

Specimen collection
Frequently touched ICU surfaces were identified in consultation with a microbiologist and ICU nursing staff.
Specimen collection was conducted on different days over a three-week period. A standardized surface area
of 25 cm² was swabbed using sterile pre-moistened swabs to enhance bacterial recovery from dry surfaces.
Each site was sampled once using a single swab. Swabbing was performed in both horizontal and vertical
directions to ensure adequate surface coverage. Reference strains from the ATCC class (Escherichia coli ATCC
25922 and Staphylococcus aureus ATCC 25923) were used as positive controls to ensure quality assurance.

Following collection, swabs were immediately placed into sterile Bijou bottles containing brain heart
infusion broth, securely sealed, labeled, and transported to the microbiology laboratory within one hour at
room temperature. A total of 34 environmental samples were collected one hour after routine cleaning and
disinfection. Between two and six samples were obtained per site from pre-defined high-touch surfaces,
including worktops, beds, door knobs, trays, drug trolleys, sinks, taps, ventilators, and oxygen ports.

The sample size was informed by previous studies conducted in similar settings, taking into account ICU
size, feasibility, and available resources. Trained and licensed laboratory technologists were used to collect
the samples; they observed aseptic technique and uniform pressure during collection. Negative field controls
were used to detect any environmental contamination. Samples were collected within two hours, and each
batch was tested for sterility. Unused sterile swabs were sent with samples to detect any contamination
during transportation. There was no cross-contamination between samples.

Bacterial isolates
Specimens were cultured using conventional culture media in accordance with the standard operating
procedures of the microbiology laboratory at Mbarara University of Science and Technology. Samples were
inoculated onto MacConkey agar and blood agar plates using sterile inoculation loops and incubated
aerobically at 37°C for 24 hours.
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Following incubation, bacterial growth was assessed based on colony morphology and density. Colonies were
examined macroscopically and microscopically. Bacterial identification was performed using standard
microbiological techniques, including Gram staining and biochemical testing.

Gram-negative bacteria were identified based on lactose fermentation, hydrogen sulfide production,
catalase, oxidase, indole, citrate utilization, urease activity, and gas production tests. Gram-positive bacteria
were identified using hemolytic patterns on blood agar, catalase testing, and coagulase testing.

Bacterial growth from environmental samples was interpreted qualitatively and semi-quantitatively based
on the presence and relative abundance of colonies, rather than applying clinical diagnostic thresholds. This
approach is consistent with standard environmental microbiological surveillance practices.

Quality assurance of culture media was performed by incubating 3% to 5% of each prepared batch at 35°C to
37°C for 24 hours. Media demonstrating any growth were discarded prior to use to ensure sterility and
reliability of results.

Standardization and preparation of the inoculum
Bacterial inocula were standardized using a 0.5-McFarland turbidity standard prepared by mixing 0.50 mL of
1.175% barium chloride dihydrate with 99.50 mL of 1% sulfuric acid. The standard was aliquoted into test
tubes, and turbidity was verified spectrophotometrically at 625 nm with an absorbance of 0.09.

Four to five morphologically similar colonies from overnight cultures were suspended in 5 mL of 0.85%
normal saline and mixed using a vortex mixer. The turbidity was adjusted to match the 0.5-McFarland
standard, corresponding to approximately 1.5 × 10⁸ CFU/mL. A sterile cotton swab was dipped into the
suspension and used to evenly inoculate the surface of Mueller-Hinton agar plates.

Antibiotic susceptibility testing
Antimicrobial susceptibility testing was performed using the Kirby-Bauer disc diffusion method on Mueller-
Hinton agar in accordance with standard microbiological procedures. The bacterial inoculum was prepared
and standardized prior to inoculation to ensure uniformity.

The antibiotics tested included ceftriaxone (30 µg), gentamicin (10 µg), ciprofloxacin (5 µg), ampicillin (10
µg), imipenem (10 µg), ceftazidime (30 µg), oxacillin (1 µg), and azithromycin (30 µg). Following inoculation,
plates were allowed to dry for three to five minutes before antibiotic discs were aseptically applied. The
plates were then incubated aerobically at 37°C for 18 to 24 hours.

Zones of inhibition were measured in millimeters using a calibrated ruler and interpreted as susceptible,
intermediate, or resistant in accordance with the Clinical and Laboratory Standards Institute guidelines [11]
and European Committee on Antimicrobial Susceptibility (Figures 1-4) [12].

FIGURE 1: Swab sticks placed into Bijou bottles immediately after
specimen collection
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FIGURE 2: Zones of inhibition demonstrating varying bacterial
susceptibility to commonly used antibiotics

FIGURE 3: Prepared Mueller-Hinton agar and blood agar plates prior to
inoculation
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FIGURE 4: Growth of bacterial isolates on Mueller-Hinton agar and
blood agar following incubation at 37°C for 24 hours

The antibiotic panel was selected based on a preliminary assessment of the most commonly prescribed
antibiotics in the ICU setting, ensuring clinical relevance to local treatment practices. Antibiotics such as
vancomycin were not included in the initial testing panel, as their use is typically reserved for specific Gram-
positive organisms following identification rather than routine empirical screening.

Ethical approval
Ethical approval for this study was obtained from the Institutional Review Board of Kampala International
University (Ref: KIU-2022-217). Administrative clearance was granted by the Director’s Office of Mbarara
Regional Referral Hospital. The study was also registered with the Uganda National Council for Science and
Technology (Ref: HS4682ES). Patient consent was waived as the study involved minimal risk and utilized
anonymized data.

Quality control
All materials were checked for manufacturer specifications and expiry dates prior to use. Samples were
properly labeled to prevent misidentification. Laboratory equipment was sterilized using an autoclave at
121°C for 20 minutes and a hot air oven at 160°C for two hours. Prepared reagents were sterilized at 121°C
for 15 minutes and incubated at 37°C for 24 hours to assess sterility. Any contaminated reagents were
discarded. Quality control strains E. coli ATCC 25922 and S. aureus ATCC 25923 were used to verify the
performance of antibiotic discs.

Results
Patient information
Medical charts of 109 patients admitted to the ICU at Mbarara Regional Referral Hospital during the study
period were reviewed. The majority of patients were male (68, 62.4%). Most patients were aged 18 to 50 years
(46, 42.2%), followed by those younger than 18 years (33, 30.3%). Culture and sensitivity testing was
performed in five patients (4.6%).

Overall, 72 patients (66.1%) died during ICU admission. This finding is presented as a descriptive outcome
and was not analyzed in relation to antibiotic use or microbiological testing practices (Table 1).
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Variable Category Frequency Percentage (%)

Age (years)

<18 33 30.3

18-50 46 42.2

>50 30 27.5

Gender
Female 41 37.6

Male 68 62.4

Culture and sensitivity
Yes 5 4.6

No 104 95.4

Outcome
Died 72 66.1

Discharged 37 33.9

TABLE 1: Demographic and clinical characteristics of ICU patients (N = 109)
Demographic characteristics, culture and sensitivity testing status, and clinical outcomes of patients admitted to the ICU. Data are presented as
frequencies and percentages.

ICU: intensive care unit

Antibiotics in the ICU
All 109 patients received at least one antibiotic, resulting in a total of 246 antibiotic prescriptions
comprising 21 different agents. Cephalosporins accounted for the largest proportion of prescriptions
(33.0%), mainly ceftriaxone, ceftazidime, and cefixime, followed by carbapenems (11.0%) and penicillins
(11.0%) (Figure 5).
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FIGURE 5: Distribution of antibiotic classes prescribed in the ICU (N =
246)
Percentages represent the proportion of each antibiotic class out of a total of 246 antibiotic prescriptions. Absolute
frequencies are shown in parentheses. Percentages were rounded to the nearest whole number, and totals may
not equal 100% due to rounding.

ICU: intensive care unit

Metronidazole was the most frequently prescribed antibiotic (82 prescriptions, 33.3%), followed by
ceftriaxone (78, 31.7%). Meropenem and piperacillin-tazobactam were each prescribed 15 times (6.1%),
while imipenem was prescribed 12 times (4.9%).

Bacterial isolates
A total of 34 environmental samples were collected from ICU surfaces, of which 32 yielded positive cultures,
resulting in 40 bacterial isolates. Gram-positive organisms accounted for 21 isolates (52.5%), predominantly
Bacillus subtilis (16, 76.2%), followed by S. aureus (4, 19.0%). Gram-negative organisms constituted 19
isolates (47.5%), with Klebsiella species being the most common (5, 26.3%), followed by Enterobacter
aerogenes (4, 21.1%) (Table 2).
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Bacteria species Door knobs Tap and sink Ventilator Bed Oxygen port Worktop Trolley N %

Bacillus subtilis 3 4 2 2 1 1 3 16 40

Klebsiella spp. 1 - - 2 - 1 1 5 12.5

Enterobacter aerogenes 1 2 - - - - 1 4 10

Staphylococcus aureus 1 1 1 1 - - - 4 10

Enterobacter cloacae 1 1 1 - - - - 3 7.5

Pseudomonas aeruginosa - 2 1 - - - - 3 7.5

Escherichia coli - 1 - 1 - - - 2 5

Proteus spp. 1 - 1 - - - - 2 5

Streptococcus spp. - - - 1 - - - 1 2.5

Total 8 11 6 7 1 2 4 40 100

TABLE 2: Bacterial isolates recovered from ICU environmental surfaces (N = 40)
Frequency and percentage distribution of bacterial species isolated from ICU environmental surfaces, including door knobs, taps and sinks, ventilators,
beds, oxygen ports, worktops, and trolleys.

ICU: intensive care unit

Antimicrobial susceptibility testing was performed on 38 of the 40 isolates. Klebsiella species exhibited high
resistance to ceftriaxone (5/5), ampicillin (5/5), ceftazidime (4/5), and ciprofloxacin (4/5), with partial
sensitivity observed to gentamycin (2/5) and imipenem (2/5). P. aeruginosa showed complete resistance to
ceftriaxone (3/3) and ampicillin (3/3), but all isolates were sensitive to gentamycin (3/3). S. aureus
demonstrated high resistance to ceftriaxone, ampicillin, ciprofloxacin, and azithromycin (3/3 each), with
partial sensitivity to gentamycin (2/3) and imipenem (2/3).

E. coli isolates were resistant to ceftriaxone, ampicillin, and ciprofloxacin (2/2 each), but fully sensitive to
gentamycin (2/2). E. aerogenes showed complete resistance to ceftriaxone, ampicillin, and ceftazidime (4/4),
with partial sensitivity to gentamycin (2/4) and imipenem (2/4) (Table 3).
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Antibiotic class Antibiotic agents
Organisms (number and % of resistance)

A (n = 5) B (n = 4) C (n = 2) D (n = 3) E (n = 3) F (n = 1) G (n = 1) H (n = 1) I (n = 2)

Macrolides Azithromycin * * * * 100% 100% * * *

Cephalosporins
Ceftazidime 80% 100% 100% 100% * * 100% 100% 50%

Ceftriaxone 100% 100% 100% 100% 100% 100% 100% 100% 100%

Fluoroquinolones Ciprofloxacin 80% 75% 100% 67% 100% 0% 100% 100% 100%

Penicillins
Ampicillin 100% 100% 100% 100% 100% 100% 100% 100% 100%

Oxacillin * * * * 100% 100% * * *

Aminoglycosides Gentamycin 60% 50% 50% 0% 33.3% 100% 100% 100% 0%

Carbapenems Imipenem 60% 50% 50% 67% 33% 0% 0% 0% 50%

TABLE 3: Antimicrobial resistance patterns of bacterial isolates
Percentage resistance of bacterial isolates to selected antimicrobial agents based on antimicrobial susceptibility testing. Asterisks (*) indicate antibiotics
that were not tested against the respective organisms.

A: Klebsiella spp.; B: Enterobacter aerogenes; C: Enterobacter cloacae; D: Pseudomonas aeruginosa; E: Staphylococcus aureus; F: Streptococcus spp.;
G: Proteus spp.; H: Citrobacter spp.; I: Escherichia coli

Discussion
The baseline cross-sectional survey involved 109 medical files of patients admitted to the ICU from January
2022 to June 2023. The survey aimed at determining the most commonly used antibiotics, the practice of
culture and sensitivity to guide antibiotic prescribing, and the clinical outcomes of patients on antibiotic
therapy in the ICU. This study did not attempt to establish a relationship between environmental
contamination and clinical infections or antibiotic use. The environmental and patient datasets were
analyzed independently, and no causal inferences can be drawn. With less than one-third (27.5%) of patients
older than 50 years, the current ICU study population was comparable with what was reported by a previous
systematic review of Ugandan ICU patients [13]. On the other hand, the current study showed a significantly
younger population of ICU admissions compared to several studies elsewhere [14,15]. The probable
explanation for this difference is due to a younger population in Uganda with a mean age of 16.3 years,
which is much lower compared to most countries. Our study also revealed a much higher proportion of males
(62.4%) among the ICU admissions. This is consistent with previous studies, but the reason why men are at
higher risk for ICU admission as well as poorer clinical outcomes remains unsettled [16].

The current mortality rate of 66.1% is considerably higher than the 37.5% that was reported in a systematic
review of Ugandan adult ICU admissions [13]. This discrepancy might be attributed to the difference between
health facilities in their capacities related to healthcare workers and infrastructure to deliver ICU services.
The patient overload in tertiary hospitals in low-income compared to high-income countries can contribute
to increased mortality in the ICU [15,17]. The high mortality rate in the current study may also reflect
resource constraints, including limited access to culture and sensitivity testing, leading to inappropriate
antibiotic use.

Our survey showed cephalosporins, carbapenems, and penicillins to be the most commonly prescribed
antibiotics in ICU patients. Although all the patients used at least one antibiotic agent, culture and
sensitivity test was done only in 5/109 (4.6%) of the patients. The low utilization of culture and sensitivity
testing alongside frequent antibiotic prescribing observed in this study highlights potential gaps in
antimicrobial stewardship. However, no association between these practices and patient outcomes,
including mortality, was assessed in this study. Adequate and timely administration of antibiotics, taking
into account local resistance patterns and patient risk factors, is associated with substantially better survival
[18].

In this study, 32/34 (94.1%) of the surveyed surfaces in the ICU were contaminated with different species of
bacteria. This finding is comparable with 94.7% in Brazil [19] but moderately higher than the 83.3% that was
reported in a study in Northern Ethiopia [20].

In this study, B. subtilis isolates were the most frequently identified microorganisms in the specimens
collected from different surfaces in the ICU, followed by Klebsiella isolates, E. aerogenes, S. aureus, and P.
aeruginosa. This finding is consistent with a study conducted in an ICU in Bangladesh that showed
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Pseudomonas spp., E. coli, Acinetobacter spp., and Klebsiella spp. [21]. Previous studies also showed P.
aeruginosa to be a common contaminant on moist surfaces like taps and sinks, leading to it being among the
most frequently isolated microorganisms in the ICU [21,22]. B. subtilis is one of the most common organisms
responsible for environmental contamination in the laboratory [23]. The contamination reported showed
that there is a high prevalence of organisms on the tap and sink surfaces, followed by surfaces of door knobs,
patients’ beds, and the ventilators. Moist environments may foster biofilm formation, increasing microbial
persistence despite cleaning.

Among the predominant bacterial pathogens isolated on surfaces in the ICU, Klebsiella isolates and S. aureus
can survive on surfaces from a few days to a few months [24]. Different bacterial species including B. subtilis,
E. coli, P. aeruginosa, Klebsiella, and S. aureus form biofilms, protecting them from harsh environments and
making them difficult to eradicate [24-26]. Moreover, hospitals report insufficient supplies of cleaning
agents [27]. Training ICU staff on hygiene protocols and infection prevention procedures may help in
mitigating the contamination of surfaces in the ICU and in reducing the transmission of HAIs.

Antimicrobial sensitivity tests of the common bacterial isolates showed a staggeringly high resistance to
most of the commonly used antibiotics including ampicillin, oxacillin, ceftriaxone, ceftazidime, and
ciprofloxacin but some sensitivity to gentamycin and imipenem. This finding is comparable with what was
previously reported by a study in Namibia, where all the isolates from the ICU were resistant to penicillins
and cephalosporins [28]. Our finding that Klebsiella species showed the highest sensitivity to carbapenems
was comparable with previous studies. Frequent and unnecessary use of antibiotics without culture testing
may contribute to the observed resistance [29]; however, this was not directly assessed in the present study.
Introducing rapid diagnostic kits could enhance timely and appropriate antibiotic selection, potentially
reducing resistance rates and improving outcomes.

In parallel, structured antimicrobial stewardship programs supported by systematic quality improvement
approaches have been shown to reduce antimicrobial utilization while maintaining clinical outcomes,
highlighting the importance of data-driven prescribing practices in hospital settings [30]. Furthermore,
preventive strategies such as vaccination may complement antimicrobial stewardship efforts by reducing the
incidence of infections and, consequently, the need for antibiotic use, which may help limit the emergence
and spread of AMR [30].

Limitations and recommendations for future research
This study has several limitations that should be considered when interpreting the findings. The relatively
small number of environmental samples and bacterial isolates limits the generalizability of the results and
reduces statistical robustness. In addition, bacterial identification relied on conventional microbiological
methods without molecular confirmation, which may have led to misclassification or under-identification of
certain organisms. The cross-sectional design, with single-time-point environmental sampling, does not
capture temporal variations in microbial contamination.

Furthermore, no analytical linkage was established between environmental isolates and patient-level
infections or antibiotic use, limiting inference on transmission dynamics. The retrospective nature of patient
data collection may also be affected by incomplete documentation and potential bias in recorded antibiotic
use and culture and sensitivity testing practices.

Future research should focus on larger, multicenter studies to enhance generalizability. Incorporation of
molecular and genomic techniques would improve the accuracy of organism identification and AMR
profiling. Additionally, longitudinal study designs that integrate environmental surveillance with patient-
level clinical data are needed to better understand transmission pathways and the relationship between
environmental contamination and clinical outcomes.

Conclusions
Our survey showed younger, male-dominant ICU admissions in our setting. We noted a high rate of
antibiotic use but few culture and sensitivity tests in adult ICU admissions, with a considerably higher
mortality rate compared to what had been reported in other regions of Uganda and elsewhere. Excessive
antibiotic use without confirmation of bacterial infection may increase the risk of emergence and
dissemination of AMR in ICU patients. Most of the surveyed surfaces in the ICU were contaminated with
different species of bacteria that were mostly isolated from the tap and sink surfaces, followed by surfaces of
door knobs, patients’ beds, and ventilators. Most of the bacterial isolates showed a staggeringly high
resistance to most of the commonly used antibiotics. We recommend stringent compliance with ICU
environmental disinfection and cleaning, strengthening the antimicrobial stewardship program that
combines effective infection prevention and control with adequate and timely administration of antibiotics,
and taking into account local resistance patterns and individual patient risk factors to improve survival and
mitigate the burden of AMR in the ICU. A study with a larger ICU environmental sample size should be done
for better generalizability. Establishing a biannual antibiogram for the ICU could guide empirical antibiotic
selection and monitor resistance trends.
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