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Background: Antibiotic resistance is a growing global public health concern, yet data on bacterial pathogens and susceptibility 
patterns among patients with productive cough in Uganda are scarce. This study aimed to determine the prevalence, bacterial isolates, 
susceptibility profiles, and factors associated with antibiotic resistance at Hoima Regional Referral Hospital, Uganda.
Methods: A cross-sectional study was conducted among 216 adult outpatients presenting with productive cough. Sociodemographic, 
lifestyle, and medical data were obtained using structured questionnaires. Sputum samples were cultured, and antibiotic susceptibility 
testing was performed using Kirby-Bauer disk diffusion according to Clinical and Laboratory Standards Institute (CLSI) M100 (2022) 
guidelines. Logistic regression analyses were used to identify factors associated with antibiotic resistance. A p value of < 0.05 was 
considered statistically significant.
Results: Bacterial pathogens were isolated in 139 (64.4%) patients. The most frequent were Streptococcus pneumoniae 57 (40.8%), 
Staphylococcus aureus 40 (28.6%), Klebsiella pneumoniae 17 (12.2%), and Streptococcus pyogenes 14 (10.2%). Most bacterial 
isolates were sensitive to imipenem 105 (75.5%), ceftazidime 92 (66.7%), and cefepime 81 (58.5%), while the lowest was to 
ampicillin 13 (9.5%) and amoxicillin 13 (9.5%). Antibiotic resistance was associated with smoking (aOR = 2.89, 95% CI: 
1.074–7.784, p = 0.036) and prior use of antibiotic (aOR = 2.65, 95% CI: 1.103–6.369, p = 0.029).
Conclusion: Among outpatients with a productive cough at Hoima Regional Referral Hospital, Streptococcus pneumoniae, 
Staphylococcus aureus were the leading Gram-positive isolates, and Klebsiella pneumoniae was the most common Gram-negative. 
Gram-negative isolates showed more susceptibility to ceftazidime, and overall susceptibility was more for imipenem, whereas 
ampicillin and amoxicillin demonstrated very low activity. Antibiotic resistance was significantly associated with smoking and prior 
use of antibiotic. These findings underscore the need for routine sputum culture and sensitivity testing, and strengthened public health 
measures to reduce smoking and inappropriate use of antibiotic.
Keywords: multidrug resistance, productive cough, Streptococcus pneumoniae, Staphylococcus aureus, Klebsiella pneumoniae, use of 
antibiotic, smoking, Uganda

Introduction
Antimicrobial resistance (AMR) is a growing global health concern that complicates empirical treatment and contributes 
to rising morbidity and mortality.1 This can also be attributed further in recent years, due to the widespread and 
sometimes inappropriate use of broad-spectrum antibiotics during the COVID-19 pandemic.2 In the context of bacterial 
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infection, antibiotic resistance is defined as the ability of bacteria to survive or grow after exposure to antibiotics at levels 
that could normally inhibit or kill them.3 The WHO’s Global Antibiotic Resistance Surveillance Report 2025 states that > 
23 million bacteriologically confirmed cases of bloodstream infections, urinary tract infections, gastrointestinal infec
tions, and urogenital gonorrhoea.4 In 2019, drug-resistant infections were linked to 4.95 million deaths worldwide, with 
1.27 million directly attributable to antimicrobial resistance.5 Resistance patterns vary across countries and even within 
regions of the same country,6,7 making localized data essential for guiding therapy.

The burden of AMR is particularly overwhelming in Sub-Saharan Africa, with western Sub-Saharan Africa reporting 
an estimated 27.3 deaths per 100,000 attributable to resistance in 2019.5 In Uganda, health facility studies have 
documented resistance rates as high as 73% in rural populations.8 However, the World Health Organization has reported 
that Uganda or Africa at large lacks a robust AMR surveillance system and faces challenges of limited diagnostic 
laboratory capacity.9 This has left clinicians to rely heavily on empirical treatment.

Respiratory tract infections remain among the leading causes of morbidity and mortality in Africa, contributing to 
34.6% of deaths from infectious diseases annually.10 Productive cough, one of the most common reasons for seeking 
medical care, is associated with significant quality of life impairment.11 Left untreated, a productive cough can lead to 
depression, urinary incontinence, syncope, social embarrassment, sleep disturbance, and depression.12 A study in rural 
Uganda, chronic cough accounts for the most common chronic respiratory symptoms.13

Despite this high burden, data on bacteriological causes, antibiotic susceptibility patterns, and associated risk factors 
among patients with productive cough in Uganda remain limited. HRRH serves as the main referral facility for the south- 
western region, receiving patients from both rural and urban areas where diagnostic capacity is often constrained. 
Understanding the bacterial profile in this setting is therefore essential for guiding appropriate empirical therapy and 
strengthening local AMR surveillance. This study was conducted to address this gap.

Methods
Study Design and Setting
This was a hospital-based cross-sectional study conducted at Hoima Regional Referral Hospital (HRRH) between April 
to July 2023. Data were collected from adult patients who were ≥18 years presenting with a productive cough at the 
outpatient department.

Study Population and Inclusion Criteria
All Adult patients aged ≥18 years with a productive cough who attended the outpatient department during the study 
period and was willing to participate and signed informed consent.

Exclusion Criteria
Patients already on treatment for tuberculosis and those who were critically ill.

Sample Size Estimation
The aim of the study was to determine the bacterial etiology, susceptibility patterns, and factors associated with antibiotic 
resistance among adults presenting with a productive cough at HRRH. Leslie Kish’s formula was used to calculate the 
sample size of the study which states:

where n = sample size, Z = statistic for a level of confidence, P = expected prevalence, d = precision
At 95% confidence (Z = 1.96), using a prevalence of 16.9% for Klebsiella pneumoniae resistance to cefotaxime- 

clavulanic acid in productive cough from India14 and d = 0.05:
n ¼ 1:96ð Þ

2 0:169 1� 0:169ð Þ

0:05ð Þ
2 , n ¼ 3:8416 x 0:169x 0:831

0:0025 , n ¼ 216. Therefore, this was the largest among all sample size 
estimates and was used for the study.
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Sampling Technique and Recruitment
Consecutive sampling was used to recruit adult patients (≥18 years) with productive cough presenting to the outpatient 
department at HRRH. Recruitment was done daily during the study period, all eligible patients were given an equal 
opportunity to participate, and duplicate enrollment was avoided by asking the participants if they had participated this 
study in the last 3 months. A total of 225 patients were initially screened, 1 declined consent and 8 were excluded: 3 were 
very sick, 5 on tuberculosis treatment.

Data Collection Tools
Data were collected using a structured, interviewer-administered questionnaire developed specifically for this study. 
There was pilot study questionnaire done for 10 participants at Kampala International University Teaching Hospital not 
included in the final analysis, and adjustments of language were made to improve clarity and relevance. The tool captured 
socio-demographic, lifestyle, and medical characteristics. It was used to review for accuracy and completeness daily. 
Laboratory investigations were conducted on sputum samples for bacterial culture and drug sensitivity.

Data Management and Analysis
All the completed questionnaires and corresponding laboratory results were reviewed daily and were coded and later 
stored securely. Data were entered into Excel (version 2019), then exported to GraphPad Prism Version 9.5.0 (GraphPad 
Software, Inc., Boston, MA, USA) and STATA version 14.2 (StataCorp, College Station, TX, USA) for analysis. 
Descriptive statistics were used to summarize socio-demographic, lifestyle, and medical characteristics of respondents. 
Findings were presented using tables. Bivariate logistic regression was performed and variables with p < 0.2 at bivariate 
were included in the multivariate model to identify factors associated with antibiotic resistance. Adjusted odds ratios 
(aORs) with 95% confidence intervals (CIs) were calculated, and statistical significance was set at p < 0.05.

Laboratory Procedures
Sputum Collection and Processing
A wet or productive cough is defined as cough that is accompanied by the expectoration of sputum or phlegm.15,16 Spot 
sputum samples were collected aseptically before breakfast. For patients who had eaten, mouth rinsing was requested before 
collection. Participants were instructed to take a deep breath and expectorate sputum while avoiding saliva or nasophar
yngeal secretions. Samples appearing salivary were rejected and a repeat specimen was obtained. Each sample was placed 
in a dry, sterile, leak proof, screw capped translucent container (30 mL capacity) and transported with in 30 min to the 
microbiology laboratory for analysis. To Ensure reliability and for quality control of the laboratory procedures and results 
the specimen was collected while ensuring sterile conditions. Also, the sputum containers, reagents for culture, culture 
media (Blood agar, Chocolate agar, and MacConkey), and drug discs for susceptibility testing were inspected for their 
expiration dates and the products were used according to the manufacturer’s instructions.17

Cultivation and Identification of Isolates
A satisfactory sputum sample was defined as >25 leukocytes and alveolar macrophages, and <10 squamous epithelial 
cells per low power field as applied in the hospital’s microbiology laboratory. Direct Gram staining was done on all 
specimens. No patient was excluded on the basis of sputum quality. Using a sterile wire loop, samples were inoculated 
onto blood agar, MacConkey agar, and chocolate agar (Oxoid, Hampshire, UK), and streaked across four quadrants for 
colony isolation. Blood and chocolate agar plates were incubated at 37°C in 5–10% CO2 candle jars for 24 hours. 
MacConkey agar was incubated aerobically at 37°C for 24 hours. Pure colonies were subcultured in nutrient broth 
(Oxoid, Hampshire, UK).18 For fastidious organisms, the Clinical and Laboratory Standards Institute (CLSI) recom
mended media and incubation procedure were followed. Streptococcus pneumoniae and other alpha-haemolytic strepto
cocci were tested on Mueller–Hinton agar supplemented with 5% sheep blood and incubated in 5% CO2. Haemophilus 
influenzae was tested on Haemophilus Test Medium (HTM). Bacterial identification followed conventional microbiolo
gical methods. On blood agar, isolates were examined for colony morphology, hemolysis, and Gram stain. Gram-positive 
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bacteria were identified using catalase, coagulase, optochin susceptibility test (30 μg), bacitracin susceptibility test 
(30 μg), and bile esculin tests. Gram-negative bacteria were identified using oxidase, indole, urease, citrate utilization, 
lysine, decarboxylation carbohydrate fragmentation, and gas production.17,19,20

Antimicrobial Susceptibility Testing
Antibiotic susceptibility testing (AST) was performed using the Clinical and Laboratory Standards Institute (CLSI), 
approved Kirby-Bauer disc diffusion method on Mueller-Hinton agar (Oxoid, Hampshire, UK). The antibiotics tested 
included gentamicin (10 μg), erythromycin (15 μg), ciprofloxacin (5 μg), doxycycline (30 μg), ampicillin (10 μg), augmentin 
(20/10 μg), imipenem (10 μg), ceftriaxone (30 μg), chloramphenicol (30 μg), ceftazidime (30 μg), cotrimoxazole (1.25/ 
23.75 μg), cefepime (30 μg), and amoxicillin (10 μg). Daily internal quality control was followed using recommended 
American Type Culture Collection (ATCC) reference strains, and inhibition zone diameters fell within CLSI ranges. Zone 
diameters were interpreted as sensitive (S) or resistant (R), with intermediate strains classified as resistant.18,21

Classification of Resistance Patterns
Resistance profiles were classified based on Centre for Disease Control & Prevention (CDC), Atlanta, and European 
Centre for Disease Control (ECDC) definitions. Bacteria non-susceptible to <3 antibiotic groups were defined as non- 
multidrug-resistant (NMDR); resistance to ≥3 groups were multidrug-resistant (MDR); resistance to all but 1–2 groups 
were extensively drug-resistant (XDR); and resistance to all tested groups was pan-drug-resistant (PDR).22,23

Study Variables
1. Sociodemographic Factors: Age, Sex, Education level, Occupation
2. Lifestyle Factors:

a. Smoking and alcohol use were assessed using yes/no questions regarding current status
3. Medical Factors:

a. Comorbidities: Defined as yes or no form of chronic non-communicable diseases (asthma, diabetes mellitus, 
hypertension, heart failure, chronic obstructive pulmonary disease), or HIV, confirmed by medication use, self- 
reported diagnosis, or medical records

b. History of hospitalization (Previous 3 months) as yes or no form
c. Use of antibiotic: Self-reported use of antibiotic within the last two weeks

Results
Sociodemographic and Life Style Characteristics of the Study Participants
A total of 216 adult participants were enrolled in this study. Majority of patients (115n, 53.2%) were ≥60 years of age and 
out of whom115 patients (53.2%) were female. Consumption of alcohol was reported by 114 (52.8%) patients, and 29 
patients (13.4%) were smokers (Table 1).

Medical Factors of the Study Participants
A total of 33 (15.3%) respondents reported a history of hospitalization in the previous three months. More than half of 
the participants, 127 (58.8%) reported use of antibiotic within the past two weeks. Seventy-nine (36.6%) patients were 
HIV positive, while 32 (14.8%) patients had diabetes mellitus and 33 (15.3%) patients had hypertension (Table 2).

Distribution of Bacterial Pathogens Isolated from Sputum Samples and Overall 
Bacterial Growth Status
Out of 216 sputum samples cultured, 139 (64.4%) showed bacterial growth, while 77 (35.6%) showed no growth. A total of 
147 bacterial isolates were identified from the 139 positive cultures; eight samples grew more than one organism. The most 
frequently isolated pathogen was Streptococcus pneumoniae (60; 40.8%), followed by Staphylococcus aureus 42 (28.6%), 

https://doi.org/10.2147/IDR.S567493                                                                                                                                                                                                                                                                                                                                                                                                                                                                Infection and Drug Resistance 2026:19 4

Ezekiel et al                                                                                                                                                                          

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Table 1 Sociodemographic and Lifestyle Characteristics of 
the Study Participants (n=216)

Characteristics N (%)

Age (Years) Young adults (18–39) 26 (12)

Middle age (40–59) 77 (35.6)

Old age (≥60) 113 (52.3)

Sex Male 101 (46.8)

Female 115 (53.2)

Education None 33 (15.3)

Primary 100 (46.3)

Secondary 74 (34.3)

Tertiary 9 (4.2)

Occupation Employed 143 (66.2)

Non employed 73 (33.8)

Consumption of Alcohol Yes 114 (52.8)

No 102 (47.2)

Current Smoking Yes 29 (13.4)

No 187 (86.6)

Table 2 Medical History of the Study Participants (n=216)

Medical History of the Study Participants N (%)

History of hospitalization (Previous 3 months) Yes 33 (15.3)

No 183 (84.7)

History of uses of Antibiotics (within 2 weeks) Yes 127 (58.8)

No 89 (41.2)

Asthma Yes 11 (5.1)

No 205 (94.9)

COPD Yes 2 (0.9)

No 214 (99.1)

HIV Yes 79 (36.6)

No 137 (63.4)

Diabetes mellitus Yes 32 (14.8)

No 184 (85.2)

Hypertension Yes 33 (15.3)

No 183 (84.7)

(Continued)
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Klebsiella pneumoniae 18 (12.2%), and Streptococcus pyogenes 15 (10.2%). Less common pathogens included 
Pseudomonas aeruginosa 5 (3.4%), Streptococcus viridans 3 (2.0%), Moraxella catarrhalis 2 (1.4%), and Haemophilus 
influenzae 2 (1.4%) (Table 3).

Antibiotic Susceptibility Patterns of Bacterial Isolates Recovered from Sputum Samples
A total of 147 bacterial isolates were analyzed for antimicrobial susceptibility. Among Gram-negative isolates, ceftazi
dime demonstrated the highest activity (76.0%), while imipenem showed the highest overall effectiveness across both 
Gram-positive and Gram-negative pathogens (75.5%). Cotrimoxazole (56.5%), doxycycline (56.5%), cefepime (58.5%), 
and ceftriaxone (53.7%) showed moderate activity. In contrast, ampicillin and amoxicillin exhibited the lowest suscept
ibility rates (each 9.5%) (Table 4).

Distribution of Antibiotic Resistance Patterns Among Bacterial Isolates (n = 147)
Among the 147 bacterial isolates obtained from sputum samples, 65.3% were non-multidrug resistant (NMDR), while 
34.7% demonstrated multidrug resistance (mDR).

Factors Associated with Multidrug Resistance (mDR) Among Bacterial Isolates from 
Sputum Samples (n = 147): Bivariate and Multivariate Analysis
In our study, factors that were significant at the multivariate level and considered independently associated with mDR 
resistance were use of antibiotic within the past two weeks (aOR = 2.65; p = 0.029) and smoking (aOR = 2.89; p = 0.036) 
(Table 5).

Table 3 Distribution of Bacterial Pathogens Isolated From Sputum 
Samples (n = 147) and Overall Bacterial Growth Status (n = 216)

Bacterial Pathogen Frequency (n) Percentage (%)

Streptococcus pneumoniae 60 40.8

Staphylococcus aureus 42 28.6

Klebsiella pneumoniae 18 12.2

Streptococcus pyogenes 15 10.2

Pseudomonas aeruginosa 5 3.4

Streptococcus viridans 3 2.0

Moraxella catarrhalis 2 1.4

Haemophilus influenzae 2 1.4

Over all bacterial growth Status Bacterial growth 139 (64.4)

No bacterial growth 77 (35.6)

Table 2 (Continued). 

Medical History of the Study Participants N (%)

Heart failure Yes 4 (1.9)

No 212 (98.1)

Abbreviations: COPD, Chronic obstructive pulmonary disease; HIV, Human 
immunodeficiency virus.
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Table 4 Antibiotic Susceptibility Patterns of Bacterial Isolates Recovered from Sputum Samples. (N= 147)

Antibiotic Susceptibility Patterns

Pathogen Type Gram-Positive Bacteria Gram-Negative Bacteria Gram-Positive and Gram-Negative 
Bacteria

Pathogen S. pyogenes (n = 15) S. pneumo 

niae 

(n = 60)

S. viridans 

(n = 5)
S. aureus 

(n = 42)
K. pneumo 

niae 

(n=18)

H. influenzae 

(n=2)
P. aerugi 

nosa 

(n=5)

M. catarhalis 

(n=2)
Mean Susceptibility for All 
Pathogens

Susceptibility: n(%)

Antibiotic S R S R S R S R S R S R S R S R S R

Chloramphenicol 15(100) 0(0.0) 3(5) 57(95) 5(100) 0(0.0) 0(0.0) 42(100) 0(0.0) 18(100) 2(100) 0(0.0) 2(66.7) 1(33.3) 1(50) 1(50) 28(19) 119(80.9)

Augmentin 1(6.7) 14(93.3) 11(18.3) 49(81.7) 0(0.0) 5(100) 24(57.1) 18(42.3) 3(16.7) 15(83.3) 0(0.0) 2(100) 0(0.0) 3(100) 0(0.0) 2(100) 39(26.5) 108(73.5)

Ceftazidime NT NT NT NT NT NT NT NT 14(77.8) 4(22.2) 2(100) 0(0.0) 2(66.7) 1(33.3) 1(50) 1(5) 19(76.0) 6(24.0)

Imipenem 15(100) 0(0.0) 45(75) 15(25) 5(100) 0(0.0) 37(88.1) 5(11.9) 5(27.8) 13(72.2) 2(100) 0(0.0) 2(66.7) 1(33.3) 0(0.0) 2(100) 111(75.5) 36(24.5)

Doxycycline 14(93.3) 1(6.7) 45(75) 15(25) 5(100) 0(0.0) 8(19.0) 34(81.0) 7(38.9) 11(61.1) 2(100) 0(0.0) 2(66.7) 1(33.3) 0(0.0) 2(100) 83(56.5) 64(43.5)

Gentamicin 0(0.0) 15(100) 19(31.7) 41(68.3) 0(0.0) 5(100) 19(45.2) 23(54.8) 15(83.3) 3(16.7) 0(0.0) 2(100) 1(33.3) 2(66.7) 2(100) 0(0.0) 56(38.1) 91(61.9)

Ceftriaxone 1(6.7) 14(93.3) 50(83.3) 10(16.7) 0(0.0) 5(100) 24(57.1) 18(42.9) 4(22.2) 14(77.8) 0(0.0) 2(100) 0(0.0) 3(100) 0(0.0) 2(100) 79(53.7) 68(46.3)

Ampicillin 14(93.3) 1(6.7) 0(0.0) 60(100) 0(0.0) 5(100) 0(0.0) 42(100) 0(0.0) 18(100) 0(0.0) 2(100) 0(0.0) 3(100) 0(0.0) 2(100) 14(9.5) 133(90.5)

Cefepime 6(40) 9(60) 40(66.7) 20(33.3) 0(0.0) 5(100) 31(73.8) 11(26.2) 9(50) 9(50) 0(0.0) 2(100) 0(0.0) 3(100) 0(0.0) 2(100) 86(58.5) 61(41.5)

Amoxicillin 0(0.0) 15(100) 9(15) 51(85) 0(0.0) 5(100) 2(4.8) 40(95.2) 0(0.0) 18(100) 1(50) 1(50) 0(0.0) 3(100) 2(100) 0(0.0) 14(9.5) 133(90.5)

Cotrimoxazole 15(100) 0(0.0) 53(88.3) 7(11.7) 5(100) 0(0.0) 6(14.2) 36(85.8) 4(2.2) 14(77.8) 0(0.0) 2(100) 0(0.0) 3(100) 0(0.0) 2(100) 83(56.5) 64(43.5)

Erythromycin 13(86.7) 2(13.3) 15(25) 45(75) 5(100) 0(0.0) 5(11.9) 37(88.1) 0(0.0) 18(100) 0(0.0) 2(100) 0(0.0) 3(100) 0(0.0) 2(100) 38(25.9) 109(74.1)

Ciprofloxacin 14(93.3) 1(6.7) 12(20) 48(80) 5(100) 0(0.0) 3(7.1) 39(92.9) 6(33.3) 12(66.7) 2(100) 0(0.0) 2(66.7) 1(33.3) 0(0.0) 2(100) 44(29.9) 103(70.1)

Abbreviations: S, Sensitive; R, Resistant; H. influenza, Haemophilus influenzae; K. pneumoniae, Klebsiella pneumoniae; M. catarrhalis, Moraxella catarrhalis; P. aeruginosa, Pseudomonas aeruginosa; S. aureus, Staphylococcus aureus; S. pneumoniae, 
Streptococcus pneumoniae; S. pyogenes, Streptococcus pyogenes; S. viridans, Streptococcus viridans.
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Discussion
This study conducted in southwestern rural Uganda investigated bacterial pathogens in patients presenting with 
productive cough, characterize their antibiotic susceptibility profiles, and examined risk factors for resistance. We 
observed bacterial growth in 64.4% of sputum samples and presence of multiple pathogens in a few samples. Majority 
of the isolates were Gram-positive organisms like S. pneumoniae (40.8%) followed by S. aureus (28.6%) and S. pyogenes 
(10.2%), while K. pneumoniae (12.2%) was the leading Gram-negative isolate. Multidrug resistance (mDR) was 
independently associated with smoking and recent antibiotic exposure, highlighting concerns for antibiotic stewardship 
and respiratory infection management.

In this study, Gram-positive bacteria were predominant where this distribution contrasts with findings from Tanzania, 
where Gram-negative organisms dominated, and K. pneumoniae was the most common pathogen.24 Our study included 
only outpatients, whereas the kishibmo et al study involved hospitalized patients with pneumonia and multiple 
comorbidities, which explains the higher isolation rates of opportunistic pathogens. Similar differences have been 
reported in Asian countries, where P. aeruginosa and K. pneumoniae predominate.10,14,25 Differences in age distribution, 
healthcare-seeking behavior, and specimen types, including the use of sputum, bronchial washings, and endotracheal 
secretions, likely contribute to these regional variations in bacterial distribution.

The predominance of S. pneumoniae in this study aligns with findings from several studies, where this organism 
remains the most common cause of respiratory infections.26,27 S. pneumoniae is a major contributor to morbidity in 
elderly or immunocompromised individuals, particularly those with chronic conditions or alcohol use, both of which 
were prevalent among our participants. The organism often colonizes the nasopharynx asymptomatically but becomes 
pathogenic in individuals with weakened immunity, increasing the risk of infection and antibiotic resistance,28–30 it 
possesses a polysaccharide capsule and other immune-modulating toxins that promote evasion of phagocytosis, host cell 
lysis and inflammation contributing to respiratory disease severity.31 Staphylococcus aureus produces metallophores, 
such as staphyloferrins and staphylopine, which enable acquisition of iron and zinc in nutrient from the host, supporting 
persistence and virulence during infection.32 Klebsiella pneumoniae is increasingly becoming an important respiratory 
pathogen contributing to severe disease. Its polysaccharide capsule provides protection against host immune clearance, 
while siderophore systems such as enterobactin, salmochelin, and aerobactin enable iron acquisition from host enhancing 
survival and pathogenicity.33

All bacterial isolates were susceptible to at least one antibiotic, but overall resistance was high, across all isolates, 
imipenem and ceftazidime demonstrated the highest efficacy, followed by cefepime, cotrimoxazole, doxycycline, and 
ceftriaxone. In contrast, penicillin derivatives and chloramphenicol exhibited very limited activity. These findings mirror 
resistance trends reported in Nigeria and Pakistan, where Ceftazidime and Imipenem remained effective while Ampicillin 
and Augmentin showed high resistance.25,26 However, studies conducted in Tanzania and India reported different 
susceptibility patterns compared to our findings but similarly observed high resistance to penicillin derivatives,14,24 

highlighting regional differences in antibiotic use and resistance selection pressures. High resistance to penicillin 
derivatives observed reflects their widespread, often empirical use for respiratory infections. Among Gram-negative 
isolates, their resistance may be attributed to the characteristics of multidrug resistance mechanisms including metallo 
beta lactamase (MBL), AmpC beta lactamase (AmpC) and extended spectrum beta lactamase (ESBL).34,35 In our setting, 
empirical prescribing without microbiological confirmation remain common in both rural and urban areas and frequent 
self-medication may contribute for resistance. Also, weak antimicrobial stewardship and inconsistent access to diagnostic 
facilities further support the persistence of resistant strains in outpatient populations.

Cigarette smokers were nearly three times more likely to harbor mDR bacterial isolates. Smoking impairs mucociliary 
clearance by damaging respiratory tract cilia, increasing susceptibility to recurrent infections and subsequent antibiotic 
exposure, both of which contribute to antibiotic resistance.18,36

Similarly, prior use of antibiotic was linked to mDR isolates, almost three times more likely to have resistant bacteria. 
Inappropriate or repeated antibiotic prescriptions and misuse exert selective pressure on bacteria, driving the emergence 
of resistance.37
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Table 5 Factors Associated with Multidrug Resistance Among Bacterial Isolates (n = 147)

Variable Bivariate Analysis Multivariate Analysis

MDR n=51 NMDR n=96 cOR (95% CI) p- value aOR (95% CI) p-value

Age

Young adults (18–39) 15 32 1 1

Middle age (40–59) 14 28 1.066(0.439–2.591) 0.887 0.849 (0.119–6.027) 0.870

Old age (≥60) 22 36 1.304(0.579–2.933) 0.521 0.704(0.089–5.546 0.739

Sex

Male 22 43 1

Female 29 53 1.069(0.539–2.121) 0.848

Education

None 6 17 1

Primary 25 44 1.609(0.562–4.610) 0.375

Secondary 16 33 1.374(0.454–4.150) 0.574

Tertiary 4 2 5.667(0.817–39.267) 0.079

Occupation

Unemployed 17 36

Employed 34 60 1.2(0.587–2.450) 0.617 3.516(0.306–40.348) 0.313

Current Alcohol

No 23 44 1

Yes 28 52 1.0301(0.520–2.037) 0.932

Current Smoking

No 38 85 1

Yes 13 11 2.644(1.086–6.433) 0.032 2.891(1.074–7.784) 0.036

History of hospitalization (Previous 3 months)

No 39 73 1

Yes 12 23 0.976(0.439–2.171) 0.954

History of use Antibiotic

No 9 36 1

Yes 42 60 2.8(1.220–6.421) 0.015 2.65(1.103–6.369) 0.029

Asthma

No 50 90 1

Yes 1 6 0.300(0.035–2.562) 0.271

COPD

No 51 94 1

(Continued)
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Strength and Limitations of the Study
To the best of our knowledge, this is among the few studies conducted to evaluate both gram-positive and gram-negative 
bacterial isolates and their antibiotic resistance patterns among outpatients with productive cough in Uganda. This was 
a single-center, hospital-based cross-sectional study, findings may not be generalizable to the wider community. 
Molecular studies to detect atypical bacterial pathogens were not performed.

Conclusion
This study found that S. pneumoniae, S. aureus, and K. pneumoniae were the most common bacterial isolates in adults 
with productive cough, Gram-negative isolates showed the highest susceptibility to ceftazidime, and overall susceptibility 
was greatest for imipenem, whereas ampicillin and amoxicillin demonstrated very low activity but marked resistance to 
penicillin-class antibiotics and chloramphenicol. Multidrug resistance was linked to smoking and prior use of antibiotic. 
Routine sputum culture, pneumococcal vaccination, and alongside public health strategies to reduce cigarette smoking 
and inappropriate use of antibiotic are recommended. Future studies incorporating molecular resistance profiling and 
community-based surveillance would further guide antibiotic stewardship efforts.

Data Sharing Statement
Data can be obtained by contacting awil6263@gmail.com (corresponding author).

Ethics Statement
The study was reviewed and approved by the Kampala International University Research and Ethics Committee (KIU- 
IREC) (Ref: KIU-2022-203), the Directorate of Postgraduate Studies, and the Faculty of Clinical Medicine and Dentistry. 
Administrative clearance was obtained from the Director of Hoima Regional Referral Hospital. The research was 
conducted in accordance with the Declaration of Helsinki.

Table 5 (Continued). 

Variable Bivariate Analysis Multivariate Analysis

MDR n=51 NMDR n=96 cOR (95% CI) p- value aOR (95% CI) p-value

Yes 0 2 1 Omitted

HIV

No 34 61 1

Yes 17 35 0.871(0.426–1.781) 0.706

Diabetes Mellitus

No 39 85 1

Yes 12 11 2.378(0.965–5.857) 0.060 2.48(0.891–6.90) 0.082

Hypertension

No 40 82 1

Yes 11 14 1.611(0.671–3.866) 0.286

Heart failure

No 49 96 1

Yes 2 0 1 Omitted

Abbreviations: MDR, Multidrug-resistant; NMDR, non-multidrug-resistant; cOR, Crude odds ratio; aOR, Adjusted odds ratio.
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Informed Consent
Written informed consent was obtained from all participants with details in both English and the local language. 
Participation was voluntary, and confidentiality was assured.
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