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Background: Public transportation plays a vital role in urban settings, especially with the expansion of mass transit systems. However, concerns have arisen regarding the spread of antibiotic-resistant bacterial pathogens, primarily through contact with surfaces in public transport. There is limited data on this topic in Eastern Ethiopia, particularly in Harar. Therefore, this study aimed to assess the pathogenic bacterial profile, antimicrobial susceptibility patterns, and associated factors in intra-city public transport in Harar City, Eastern Ethiopia, from 20 June to 30 October 2023.

Methods: A cross-sectional study was conducted involving 258 intra-city public transport vehicles selected through convenience sampling. The data collection process was conducted using structured questionnaires administered to drivers, and swab samples were obtained from frequently touched surfaces, such as seats, handles, and doors. These specimens were shipped to a laboratory within 2 h for microbiological analysis. Statistical analysis was performed using SPSS version 21. Linear and logistic regression analyses were employed to identify factors associated with pathogenic bacteria contamination, with statistical significance established at a p-value of <0.05 and a 95% confidence interval (CI).

Results: A total of 258 vehicles were sampled, with pathogenic bacteria isolated from 192 vehicles, resulting in an isolation rate of 74.4% (95% CI: 69–80%). The mean colony-forming unit (CFU) count was 2.994 × 104 (SD: ± 0.562 × 104 CFU). The predominant pathogens identified included coagulase-negative Staphylococci (40.3%), Staphylococcus aureus (27.5%), Klebsiella species (11.6%), and Escherichia coli (10.9%). High antimicrobial resistance rates were observed, particularly against ampicillin (97.6%) and oxacillin (56.5%) in Gram-positive isolates, while Gram-negative rods exhibited varied resistance patterns. Multidrug resistance was detected in 22.5% of isolates. Significant factors associated with pathogenic bacteria contamination included sampling location (handles and seats), multiple routes, high passenger counts, unclean surfaces, and afternoon sampling.

Conclusion: This study highlights alarming levels of bacterial contamination in public transport, the prevalence of pathogenic bacteria, and significant antibiotic resistance. Implementing effective hygiene measures and ensuring regular sanitation are essential to mitigating microbial risks and controlling the spread of community-acquired infections.

Keywords
 pathogenic bacterial load; antimicrobial susceptibility patterns; intra-city public transport; public transportation hygiene; Harar


Introduction

Transportation systems play a crucial role in facilitating the movement of passengers across different areas (1). Public transport services encompass a wide range of vehicles, from small animal-drawn transport to modern motorized vehicles (2–4). In Ethiopia’s capital city, Addis Ababa, 98% of the population relies on public transportation, with 26% being bus users (5). As a result, public transportation has become a highly shared space, frequently utilized by large numbers of people (6). Studies have reported higher levels of biological contaminants in public transportation settings (6, 7), with evidence suggesting that more than three-fourths of infections are transmitted through hand contact with contaminated surfaces or objects inside vehicles (8). Pathogenic bacteria commonly isolated from hand-touch surfaces include Staphylococcus aureus, Streptococcus species, Escherichia coli, Vibrio cholera, Klebsiella species, Proteus species, and Salmonella species. Bacillus sp., Pseudomonas species, and Mycobacterium tuberculosis (9). However, the bacterial profile may vary by location (10). Studies indicate that half of all travelers experience diarrhea caused by various bacteria (11). Additionally, approximately 80% of the human population is either permanently or transiently colonized with S. aureus, with an estimated 2% of the general population carrying MRSA, making everyone susceptible to these infections (12). The prevalence of MRSA isolates recovered from public transport settings has been reported to range from 1.5 to 36% (13).

According to the 2014 World Health Organization (WHO) survey report, there is a high rate of antibiotic resistance (79%) among bacteria causing common healthcare-associated infections (HCAIs) and community-acquired infections. Carbapenem-resistant and cephalosporin-resistant bacterial strains have emerged as major concerns, with multidrug-resistant (MDR) pathogens such as Staphylococcus aureus, methicillin-resistant coagulase-negative Staphylococci (MRCoNS), and Enterobacteriaceae posing significant threats (14). Similar to MRSA, antibiotic-resistant Gram-negative bacteria are increasingly recognized as severe public health threats. Notably, antibiotic-resistant Enterobacteriaceae, particularly colistin-resistant strains, extended-spectrum β-lactamase (ESBL)-producing strains, and carbapenem-resistant species, have rapidly spread worldwide, further exacerbating the global antibiotic resistance crisis (15).

The current high levels of contamination in public transportation systems put people at risk of emerging and drug-resistant strains of infectious diseases worldwide (16). The expansion of global transport networks has led to infectious disease pandemics and vector invasion events and highlighted the importance of vector-borne pathogens (17).

As a result, numerous diseases, such as tuberculosis, respiratory tract infections, diarrhea, and soft tissue infections, continue to affect large populations, particularly in Sub-Saharan Africa (18, 19). In line with this, more than 50% of travelers experience diarrhea caused by various bacteria (11). Furthermore, an estimated 80% of the human population is colonized by S. aureus, with 2% carrying MRSA (12). However, few studies focused on bacterial contamination in public transport, primarily targeting buses and specific pathogens such as MRSA have been undertaken in central Ethiopia.

Overall, there is limited data on public transport contamination, especially in Eastern Ethiopia. Therefore, this study aimed to determine the pathogenic bacterial load, profile, and antimicrobial susceptibility patterns in intra-city public transport and identify associated factors in Harar City, Eastern Ethiopia.



Materials and methods


Study design, period, and area

The cross-sectional study was conducted in Harar City, Ethiopia, from 20 June to 10 July 2023. Harar City is situated approximately 526 kilometers from Addis Ababa, with geographical coordinates of 90°20’ N and 42°0′10’ E (20). Harar was the capital city of the Harari region, which comprised six woredas and 19 kebeles, along with nine districts (woredas) encompassing 36 kebeles (21, 22). Since the majority (99.03%) of the population relies on intra-city public vehicles, Harar’s public transportation options include tricycles/Bajajs (n = 9,273), Ladas (n = 189), minibusses (n = 249), and busses (n = 27) (23). Moreover, Harar is a city in Ethiopia’s eastern region, where the country’s trade and business center is located; thus, it is densely populated with people from virtually all ethnicities, professions, and social classes.



Study participants

The source population for this study included all intra-city public transport vehicles and their drivers operating in Harar City. The study population specifically focused on the intra-city public transport vehicles that provided services in Harar City during the data collection period.



Inclusion and exclusion criteria

All intra-city public transport vehicles working in Harar City during the study period were included. Vehicles that were undergoing maintenance and not present in the waiting area during this time were excluded.



Sample size determination and sampling technique

The sample size for assessing contamination by pathogenic bacteria in intra-town public transport was determined using a single-population proportion formula (n = Z2 (1-P) P/d2). With a 95% confidence level and a 5% margin of error, and considering a prevalence rate of pathogenic bacterial contamination on bus surfaces in Mekelle Town (22%) (1), the calculated sample size was 258. The four public transport stations or bus stops were randomly selected from the nine available in Harar City, specifically Aretagna/Iman Masjid, Shell/Ageeb area, Station/Shewa Bar, and Jegol/Feres Magala. The sample size was then distributed proportionally based on the number of seats for each type of public transport in the town, allocating 209 samples for tricycles/Bajaj, 22 for minibusses, 21 for Lada vehicles, and 6 for busses. The swab samples were conveniently collected from various parts of the selected public transport vehicles (Figure 1).
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FIGURE 1
 Time-convenient sampling on frequently touched surfaces of intra-city public transport at Harar, Eastern Ethiopia from June 20 to October 30, 2023.




Data collection methods and procedure


Data collection and sample collection techniques

Data were collected by two qualified laboratory professionals using a structured questionnaire adapted from a similar study, which was later pretested. The questionnaire was prepared in English and translated into local languages (Afan Oromo and Amharic) to gather information on key variables such as sociodemographic traits, taxi types, sample locations, surface types, passenger counts, and service routes (multi-routes, hospital routes, sample times, and vehicle hygiene practices).

After obtaining voluntary consent from participants, triplet samples were collected from frequently touched areas of public transport: seats, handles, armrests, and door surfaces of each vehicle. According to existing environmental microbiology laboratory manuals (24), a marked area of 2 cm x 4 cm was swabbed with a sterile, moistened cotton swab, and the swabs were then placed in a sterile container with sterile buffered peptone water (1 mL). Additionally, a moistened swab was incubated alongside each batch of sampled swabs for quality control. The collected samples were transported promptly under cold chain conditions to the microbiological laboratory at Haramaya University College of Health and Medical Sciences within 2 h of collection.




Bacterial colony count, isolation and identification

Surface swab specimens were inoculated onto MacConkey agar, blood agar, and 1 in 10 fourfold diluted nutrient agar. The inoculated agar plates were then incubated at 35°C ± 2 for 24 to 48 h. After the incubation period, the growth on the agar plates was examined to isolate and identify the bacteria present (25), and the viable bacterial load in the vehicles was estimated as colony-forming units per square centimeter of surface (CFU/cm2). Bacterial identification is based on colony characteristics, hemolytic appearance, differential properties of the culture media, and Gram reaction. Identification was performed using various standard biochemical tests, including catalase, oxidase, urease, indole, citrate utilization, glucose and lactose fermentation, gas and H2S production, lysine decarboxylation, and motility tests (5, 9, 26).



Antibiotic susceptibility test

The antibiotic susceptibility patterns of the identified pathogenic bacterial species were determined using the standard Modified Kirby-Bauer disk agar diffusion method on Mueller Hinton agar, following the guidelines provided by the Clinical and Laboratory Standards Institute (CLSI 2022). A McFarland standard equivalent inoculum of bacteria was swabbed onto the surface of a Mueller Hinton agar plate for antibiotic susceptibility testing. Filter paper disks containing specific antimicrobial agents—ampicillin (10 μg), oxacillin (30 μg), ciprofloxacin (5 μg), gentamicin (10 μg), chloramphenicol (2 μg), ceftriaxone (30 μg), cefuroxime (30 μg), and erythromycin (15 μg)—were placed on the agar surface. Following overnight incubation, the diameter of the zone of inhibition around each disk was measured using the standardized tables provided by CLSI 2022, and a semi-qualitative report of susceptibility or resistance to each antibiotic was determined (27, 28).



Operational definitions

The antimicrobial susceptibility pattern reflects how isolated bacteria respond to commonly prescribed drugs, indicating whether they are susceptible or resistant. This pattern is measured by comparing the zone of inhibition against a standard comparison chart, allowing for the interpretation of susceptible, intermediate, and resistant categories (5).

Hygienic practices: these practices refer to the cleaning protocols implemented at each car wash, evaluated with a yes/no response for the following: 1. dry wiping, 2. water only, 3. water and detergents, and 4. water and bleach.

Hospital route: were the vehicles designated as running hospital or non-hospital on the day of sampling (29)?

The sample: It includes the vehicle’s seats, handles (rail), and doors.

The level of pathogenic bacterial isolates: this is determined by counting the colonies and comparing them to WHO standards.

Multiple routes: vehicles were categorized as servicing multiple routes if they served two or more routes on the sampling day, while single-route vehicles served only one route (29).

Multidrug resistance: this is defined as the resistance of an isolate to three or more classes of antibiotics.

A pathogenic bacterial profile: it includes any health-important bacteria. If these bacteria grow on selective media, they are measured as yes/no and confirmed by biochemical tests.

Types of vehicles: there are various types of vehicles, such as: (1) minibusses, (2) Lada/Peugeot, (3) tricycles/Bajaj, and (4) busses; everyone has the right to use them, provided they adhere to the rules governing their use.

Types of surfaces: they include vehicle surfaces such as metals, plastics (such as polyvinyl), and cloth coverings for various vehicle parts.



Data quality assurance

The questionnaire used in the study underwent a translation process to ensure consistency with the local languages Amharic and Afan Oromo. Initially, professional linguists translated the questionnaire from English to these languages. To validate the accuracy of the translations, the questionnaire was then translated back into English by a different team of linguists. Before the commencement of data collection, the lead investigator trained the data collectors and laboratory personnel involved in the study. This training aimed to familiarize them with the study’s objectives, data collection procedures, and laboratory techniques, ensuring consistency and accuracy in data collection and analysis.

To maintain the sterility of the swabs used for sample collection, rigorous checks were conducted, and swab collection followed aseptic techniques, including the use of sterile tubes for transportation, sterile cotton-tipped sticks for swabbing, and clean, powder-free gloves to minimize contamination. Each collected sample was carefully controlled and recorded. Furthermore, quality control measures were implemented during the Gram staining process. Known control slides were used to validate the quality of reagents and the effectiveness of staining procedures. These controls helped ensure the accuracy and reliability of the Gram staining process. Additionally, the performance of the culture medium and antibiotic disks was evaluated using reference strains of E. coli (ATCC 259), S. aureus (ATCC 25923), and P. aeruginosa (ATCC 27853) (30). The turbidity of the bacterial suspension was adjusted to achieve the 0.5 McFarland level for conducting a drug susceptibility test.



Ethical consideration

The study received ethical clearance from the Institutional Health Research Ethics Review Committee (IHRERC) at Haramaya University, under reference number IHREC/037/2022. Additionally, the Harari Transport Bureau provided an official letter of support for the research. Prior to sample collection, all participants were thoroughly informed about the study’s objectives and voluntarily provided written consent. Strict measures were implemented to ensure the confidentiality of participant information, and positive results were communicated to the respective vehicle drivers. Comprehensive information about the study, including its objectives, methodology, potential risks, and benefits, was shared with each driver involved. Participants were informed of their right to decline participation or withdraw at any point during the research process.




Results

The study involved 258 vehicles and their drivers, achieving a 100% response rate. Samples were collected from 6 busses, 21 Lada taxis, 22 minibusses, and 209 tricycles. The mean age of the participants was 33.5 years (SD ± 8.3). All participants were male (100%), with a majority in the age group of over 35 years (49.6%). In terms of educational background, 64.3% had completed secondary school, while 12.2% held a college diploma or higher. Over 49.6% of the participants were single. Additionally, 53.1% of the vehicles had more than 300 rides per day, 34.1% had multiple routes, and 54.3% served non-hospital routes (Table 1).



TABLE 1 Sociodemographic characteristics and background variables of intra-city public transport drivers in Harar, Eastern Ethiopia, from 20 June to 30 October, 2023.
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Bacteria load from frequently touched surfaces of the vehicles

The total aerobic bacterial load from vehicles (minibusses, Lada taxis, tricycles, and busses) ranged from no growth to 3.05 × 106 CFU/mL, with a mean of 2.994 (SD ± 0.562 × 104 CFU/mL) (Table 2).



TABLE 2 Bacterial load (CFU*106/4cm2) from frequently touched surfaces on intra-city public transport in Harar, Eastern Ethiopia, from 20 June to 30 October 2023.
[image: Table2]

The majority of vehicle surface samples were found to be contaminated, with an average bacterial load of 2.994 (SD: 0.562 × 104) CFU/4 cm2. Significantly higher mean colony counts were observed on the seat surfaces, at 4.314 × 106 (SD: 0.56 ×106) CFU/4 cm2 and door surfaces (p = 0.0035), at 0.415 × 103 (SD: 0.141 × 103) CFU/cm2 compared to the handles, which had 2.954 × 106 (SD: 0.52 × 106) CFU/cm2.



Distributions of pathogenic bacterial isolates by type of vehicles

A total of 258 vehicles were sampled, from which pathogenic bacteria were isolated from 192 vehicles, resulting in an isolation rate of 74.4% (95% CI: 69–80%). Additionally, out of the 364 isolates, 297 were identified as pathogenic bacteria, while the remaining isolates were classified as contaminants. The highest isolation rate was observed in Lada vehicles (95.2%), followed by busses (83.3%), minibusses (72.7%), and tricycles (72.2%) (Table 2). Nearly two-thirds, or 240 out of the 364 bacterial isolates, were Gram-positive, while 124 of them were Gram-negative bacteria. Among the Gram-positive isolates, coagulase-negative staphylococci (CoNS) were the most frequently isolated (n = 104), followed by Staphylococcus aureus (n = 71), and 65 were Gram-positive bacilli species. Of the 140 Gram-negative isolates, 30 were Klebsiella species, 28 were E. coli, 23 were Pseudomonas species, 21 were Salmonella species, and 19 were Shigella species. The frequencies of pathogens varied considerably between vehicle types; the bacterial pathogens on bus surfaces included CoNS at 3/6 (50.8%), S. aureus at 3/6 (50.8%), E. coli at 2/6 (33.3%), Klebsiella species at 1/6 (16.7%), Salmonella species at 2/6 (33.3%), Shigella species at 2/6 (33.3%), and Pseudomonas aeruginosa at 1/6 (16.7%) (Figure 2).
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FIGURE 2
 Relative abundance of pathogenic bacteria by type of vehicle of intra-city public transport at Harar, Eastern Ethiopia from June 20 to October 30, 2023.




Bacterial isolates categorized by vehicle type and specimen collection surface type

The frequencies of bacterial pathogens can also vary considerably between different types of vehicle surfaces. Among the 297 pathogenic bacteria isolated, 151 (50.84%) were found on seats, 110 (37%) on handles, and 36 (12.12%) on doors. Regarding the seats, the breakdown is as follows: CoNS 49 (55.7%), S. aureus 19 (27.8%), E. coli 18 (18.6%), Klebsiella spp. 18 (18.6%), Salmonella spp. 11 (11.3%), Shigella spp. 10 (10.3%), and Pseudomonas aeruginosa 13 (13.4%).



Antimicrobial susceptibility test

A total of 297 pathogenic bacterial isolates were tested against eight different antibiotic disks, revealing higher proportions of resistance rates among Gram-positive bacteria to ampicillin (97.6%) and oxacillin (56.5%). The resistance rate of S. aureus to ampicillin (97.6%) and oxacillin (64.1%) is greater than that of CoNS, which shows resistance rates of 95.3% to ampicillin and 40.0% to oxacillin. In contrast, CoNS exhibits a higher resistance rate to cefotaxime (44.3%) compared to S. aureus (28.2%).

Escherichia coli was found to be the most resistant Gram-negative bacterium among the investigated antibiotics: ceftriaxone 64.3% (18/28), ampicillin 94.9% (26/28), chloramphenicol 14.3% (4/28), and cefotaxime 35.7% (10/28). Klebsiella species exhibited the highest resistance rates, including ampicillin (100%), ceftriaxone (73.3%), ciprofloxacin (6.6%), cefotaxime (53.3%), and chloramphenicol (26.7%). Salmonella species showed resistance to chloramphenicol at 28.7% (6), 61.9% to ceftriaxone, and 38.1% to cefotaxime. Shigella species exhibited resistance to ceftriaxone (61.9%), cefotaxime (38.1%), and chloramphenicol (28.7%). The resistance rate in Pseudomonas spp. was 100% to ampicillin, 54.5% to ceftriaxone, 41% to cefotaxime, and 38.1% to chloramphenicol (Table 3).



TABLE 3 Patterns of antibiotic resistance in bacterial isolates from frequently touched surfaces of intra-city public transport in Harar, Eastern Ethiopia, from June to October 2023.
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The antibiogram of Gram-positive bacterial isolates (15.6%) did not show resistance to any of the seven antibiotic classes tested (ampicillin, oxacillin, erythromycin, chloramphenicol, gentamicin, ceftriaxone, ciprofloxacin, and cefotaxime); however, none of the isolates exhibited resistance to all the antibiotics tested. MDR was observed in 67 out of 297 (22.5%) isolates. Notably, a higher rate of MDR was detected in 34 out of 121 (28.1%) Gram-negative isolates. More frequently, 53.6% of E. coli were multidrug-resistant, followed by Klebsiella species at 43.3%. Overall, among the total isolates (n = 67/297), multidrug resistance, defined as resistance to ≥3 antibiotic classes, is shown in Figure 3.
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FIGURE 3
 Multi-drug resistance patterns of bacterial isolate on frequently touched surfaces of intra-city public transport at Harar, Eastern Ethiopia from June 20 to October 30, 2023.




Multiple linear regression analysis

A multiple linear regression analysis was conducted to determine whether the independent variables are related to bacterial load. Handles: (β = 1.18, t = 6.602, p < 0.001), seats: (β = 1.65, t = 9.56, p < 0.001), cloth surfaces: (β = 0.433, t = 2.451, p < 0.015), multi-route services: (β = 0.496, t = 3.36, p < 0.001), more than 300 passengers per day: (β = 0.57, t = 4.036, p < 0.001), and regularly not cleaned: (β = 0.497, t = 3.521, p < 0.001) are positively associated with bacterial load. This suggests that tricycles, handles, the number of passengers per day ≥300, regularly not cleaned, multi-route services, cloth surfaces, and seats play a pivotal role in predicting CFU. Meanwhile, the results also indicate that busses: (β = 0.876, t = 1.83, p < 0.069), Lada (β = 0.367, t = 1.13, p < 0.259), plastic surfaces (β = 0.083, t = 0.51, p < 0.610), and hospital routes (β = 0.055, t = 0.400, p < 0.690) do not impact bacterial loads (Table 4).



TABLE 4 Multi-linear regression of log10 bacterial load on frequently touched surfaces of intra-city public transport in Harar, Eastern Ethiopia, from 20 June to 30 October 2023.
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There was a statistically significant difference in the multiple routes (p < 0.001), the number of passengers greater than 300 per day (p < 0.001), and those that are regularly uncleaned (p < 0.001). The tolerance (0.911) and variance inflation factor (2.057) values did not indicate a violation of this assumption. The Durbin–Watson statistic was calculated to assess the assumption that the value of the residuals is independent, suggesting that this assumption was not violated (1.17).



Bivariate and multivariate logistic regression

In the bivariate analysis, factors such as marital status, type of taxi (vehicle), sample location, presence of multiple routes, hospital routes, daily passenger count, regular cleaning practices, and sample collection time were considered for multivariable logistic regression with a p-value of <0.25. The subsequent multivariable logistic regression analysis identified several significant variables associated with pathogenic bacteria contamination of vehicle surfaces, including sample locations on handles and seats, the presence of multiple routes, hospital routes, a daily passenger count exceeding 300, regular uncleanliness, and sample collection time in the afternoon, all with p-values <0.05.

The multivariable analysis revealed that sample locations from vehicle handles were 2.5 times more likely to be contaminated with pathogenic bacteria compared to door surfaces (AOR: 2.5; 95% CI: 1.1, 6.2). Seats exhibited a five-fold increase in contamination by pathogenic bacteria compared to door surfaces (AOR: 5; 95% CI: 2.1, 12). Vehicles operating on multiple routes had contamination levels from pathogenic bacteria that were 3.7 times higher than those that did not (AOR: 3.7; 95% CI: 1.4, 9.7), while vehicles on hospital routes were 2.36 times more likely to be contaminated by pathogenic bacteria compared to those that were not (AOR: 2.36; 95% CI: 1.1, 5.1). Furthermore, vehicles accommodating more than 300 passengers per day exhibited 2.2 times greater contamination than those with fewer passengers (AOR: 2.2; 95% CI: 1.2, 4.5). Regularly uncleaned vehicle surfaces were 3.6 times more contaminated than clean surfaces (AOR: 3.6; 95% CI: 1.7, 7.3). In addition, vehicles sampled in the afternoon were 3.5 times more likely to be contaminated than those sampled in the morning (AOR: 3.5; 95% CI: 1.7, 7). These findings highlight the significant associations between vehicle characteristics, usage patterns, and the risk of pathogenic bacterial contamination (Table 5).



TABLE 5 Bivariate and multivariable logistic regression of pathogenic bacteria on frequently touched surfaces of intra-city public transport in Harar, Eastern Ethiopia, from 20 June to 30 October 2023.
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Discussion

This study examines the prevalence of pathogenic bacteria contamination in public transportation and its implications for public health. The current results reveal that 74.4% (95% CI: 69–80%) of public transport vehicles harbor pathogenic bacteria. However, this rate is higher than findings from Tigray, Ethiopia (22%) (1), Addis Ababa, Ethiopia (28.9%) (5), and New York City (46.9%) (31). This discrepancy may be due to various factors, such as geographical location, the number of passengers per day, frequency and types of routes, cleaning protocols, and public sanitation awareness (16, 32). Consistent with findings from India (80%) (33), this rate is lower than the results reported from Nigeria (84%) (34), Lebanon (91%) (35), and Bangladesh (100%) (9), possibly due to differences in cleaning protocols and public sanitation awareness.

The predominant bacterial isolates in this study were coagulase-negative staphylococci (CoNS; 40.3%), likely reflecting its preponderance on normal skin (36). Consecutively, S. aureus (27.5%), Gram-positive Bacilli (25.2%), Klebsiella spp. (11.6%), E. coli (10.9%), Pseudomonas spp. (8.9%), Salmonella spp. (8.3%), and Shigella spp. (7.4%) were isolated.

These findings align with earlier research in Ethiopia (1) and other countries, such as Nepal and India (33, 37). However, pathogens such as Listeria and Serratia, which were reported in studies from Nigeria (34), were not identified in this study. In addition, some bacterial species detected in other studies were not isolated in this study.

CoNS, with a prevalence of 40.3%, was frequently isolated from transport surfaces, similar to findings in Indonesia (44.54%) (38) and the USA (43%) (39). S. aureus, identified in 27.5% of samples, showed isolation rates consistent with studies from Kenya (33%) (26) and Indonesia (27.4%) (38). This bacterium is known for colonizing mucous membranes in humans (31). However, this rate was lower than those reported from Lebanon (58.6%) (35) and the USA (68%) (30). These differences could be due to variations in microbiological analysis methods (40).

The third most common isolate, Gram-positive Bacilli (25.2%), was consistent with findings from Nigeria (20.5%) (41) and Poland (20–29%) (10). Klebsiella spp. (11.6%) and E. coli (10.9%) were also significant contaminants linked to poor hygiene practices among passengers and drivers, as observed in studies from Kenya (24%) (26)and India (14%) (33). Pseudomonas spp. (8.9%) and Salmonella spp. (8.3%) were other notable isolates, consistent with global studies but varying in prevalence due to environmental factors and sanitation standards.

Antimicrobial resistance profiles revealed high resistance to ampicillin (97.6%) and oxacillin (56.5%) among Gram-positive bacteria, including CoNS and S. aureus. CoNS showed higher resistance to cefotaxime (44.3%) compared to S. aureus (28.2%). These results align with other studies (42, 43), indicating that bacterial resistance is an evolving phenomenon arising from genetic mutations and/or acquired genomes (44). Gentamicin remained the most effective treatment, showing 88.6% efficacy and aligning with studies conducted in Kenya (26). However, multidrug resistance was observed in 22.5% of isolates, emphasizing the need for stricter antibiotic usage protocols and hygiene practices in public transport environments.

Gram-negative bacteria also exhibited high resistance rates, with over 95% showing resistance to at least one class of antibiotics, including E. coli and Klebsiella spp. This demonstrates significant resistance and underscores the challenges of treating infections linked to contaminated transport surfaces. The high prevalence of multidrug-resistant organisms indicates that the irrational use of antibiotics and inadequate infection control measures are contributing factors.

Contamination levels varied significantly across different transport modes and surfaces, with tricycles demonstrating 72% lower pathogen bacterial loads (β = −0.720, t = −3.069, p < 0.001), possibly due to improved ventilation. In contrast, busses and minibusses provide favorable environments for microbial growth. These findings are consistent with studies from Ghana, where busses exhibited significantly higher bacterial loads compared to other transport types (25).

Contamination was significantly higher on seats and handles compared to doors, with bacterial loads reaching 4.31 ± 0.56 × 106 CFU/4 cm2 on seats (p < 0.001). Materials such as cloth and polythene, commonly used in vehicle interiors, were associated with higher bacterial counts than metal surfaces, which are easier to clean. This observation aligns with studies from Germany, highlighting the impact of material type on bacterial load (45). Multiple routes for service vehicles showed 3.7 times increased odds of bacterial contamination (AOR: 3.7; p < 0.001), and vehicles with more than 300 riders per day had 2.2 times increased odds of bacterial contamination and bacterial loads (AOR: 2.2; p < 0.05; β = 0.57, p < 0.001). Similar to studies conducted in Iran, the number of passengers (r = 0.518, p < 0.001) (46). A study published in a report from a Midwestern US city found a strong relationship between disease-causing bacteria and the population (25). However, contrary to the American ridership study (p < 0.088), the results for multiple routes were not significant (p < 0.058) (29). A possible reason for this is overcrowding. Regularly uncleaned vehicles had 3.6 times increased odds of bacterial contamination (AOR: 3.6; p < 0.001). This finding is consistent with studies conducted in Kenya (26). A possible explanation could be the lack of a regular sanitation program.

The study has several possible weaknesses. First, it was limited to aerobic bacteria, thus excluding anaerobic and non-cultivable pathogenic bacteria. Additionally, observational bias may have occurred during cleaning practices, and antibiotic susceptibility tests were not conducted on Gram-positive rod isolates. Second, although generalizability was a goal, the results of this study might not be fully applicable in other contexts. There is no information regarding the rates of bacterial colonization or local illnesses in the research area. Therefore, anticipated national averages should be taken into consideration when interpreting the results of this study. Finally, due to resource limitations and the overall goals of the study, only a small number of isolates were examined at each stage of the investigation, although not at the gene level.



Conclusion

The study reveals significant contamination from pathogenic bacteria in public transport, indicating the potential role of these intra-city vehicles in disease transmission. Our findings show a high diversity of bacterial species across all vehicles. Despite identifying microorganisms on the surfaces of these vehicles, predicting whether people will ultimately be affected by pathogenic bacterial infections is challenging. Seats were found to be the most contaminated surfaces, followed by handles. Gram-positive bacteria, particularly CoNS and S. aureus, comprised half of the isolates, while Gram-negative bacteria such as Klebsiella sp., E. coli, Pseudomonas sp., and Salmonella sp. were also prevalent. The study showed a high rate of drug resistance to common antimicrobial agents. Factors contributing to contamination included vehicle type, surface material, multi-route service, high ridership, and poor cleaning. Regional health authorities, health professionals, transport authorities, and other stakeholders should collaborate to improve awareness among drivers, vehicle owners, and the community about the potential health risks of infectious diseases related to public transport. Environmental health should collaborate with transport authorities to ensure regular cleaning inspections and improved control measures.
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