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ABSTRACT: Listeria monocytogenes is a foodborne pathogen of significant public health concern 

particularly when associated with fresh vegetables that are consumed raw or minimally processed. A total of 354 

vegetable samples were collected from five major markets and analysed using standard culture, morphological and 

biochemical methods, followed by polymerase chain reaction and sequencing for molecular confirmation. Mean 
bacterial counts varied significantly across markets with vegetables from Sabo Yaba recording the highest 

microbial loads while Idumota recorded the lowest. Molecular analysis confirmed the presence of Listeria 

monocytogenes, Listeria innocua, and Listeria ivanovii, with L. monocytogenes being the predominant species. 
Phylogenetic analysis revealed clear clustering of isolates according to species and demonstrated close genetic 

relatedness to reference strains. The overall prevalence of Listeria species ranged from 17.80 percent to 19.49 

percent across the vegetables studied with cabbage showing the highest contamination rate. The findings highlight 
the widespread occurrence of Listeria species in fresh vegetables sold in open markets and underscore the need for 

improved hygiene practices and routine molecular surveillance to reduce the risk of listeriosis. 
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Listeria monocytogenes is a Gram-positive 

facultative anaerobic, ubiquitous, and persistent 

bacterium in food processing plants. Due to 

inadequate hygiene and manufacturing practices, this 

pathogen contaminates foods such as fresh or frozen 

fruits and vegetables, unpasteurized dairy products, 

sausages, and fish (Amajoud et al., 2018). Cheeses, 

sausages, meats, and fish are the most frequently 

associated with outbreaks of this pathogen worldwide 

(Kurpas et al., 2018; Ryser, 2021). L. monocytogenes 

causes listeriosis, a disease characterized by low 

morbidity but high mortality in those who are 

infected, and the most at-risk groups are pregnant 

women, newborns, children, and older adults 

(Schlech, 2019). In Europe and North America, 

invasive listeriosis affects 0.3–0.6 persons per 

100,000 inhabitants annually (Maertens de 

Noordhout et al., 2017; European Centre for Disease 

Prevention and Control [ECDC], 2018). In Chile, L. 

monocytogenes has been under mandatory laboratory 

mailto:lovethilevbare@gmail.com
mailto:lovethilevbare@gmail.com
mailto:lovethilevbare@gmail.com
https://orcid.org/0009-0004-7063-1446
https://www.bioline.org.br/ja
mailto:lovethilevbare@gmail.com
mailto:lovethilevbare@gmail.com
mailto:lovethilevbare@gmail.com
https://orcid.org/0009-0004-7063-1446
mailto:bodumosu@unilag.edu.ng
https://dx.doi.org/10.4314/jasem.v30i3.39
https://creativecommons.org/licenses/by/4.0/
https://www.ajol.info/index.php/jasem
https://www.ajol.info/index.php/jasem


Phenotypic and Molecular Identification, Prevalence and Distribution of Listeria spp…                               1053 

ILEVBARE, L. O; UZEH, R. E; ODUMOSU, B. T. 

notification and surveillance since 2005 (Bustamante 

et al., 2020). Adults aged 65 and older and pregnant 

women were the most affected groups.  

 

The severity of L. monocytogenes infection is 

associated with several factors such as infecting dose, 

host immunity, and expression of virulence factors 

(adherence, invasion, immune modulator, 

intracellular survival, toxins, and mobile genetic 

elements), and the presence of CRISPR-Cas as a 

virulence regulator (Falavina dos Reis et al., 2011; 

Louwen et al., 2014; Pouillot et al., 2016; Buchanan 

et al., 2017; Kwon et al., 2020). In addition, there are 

other factors such as resistance to disinfectants and 

antibiotics, especially beta-lactams (Olaimat et al., 

2018). The capacity to resist adverse environmental 

conditions (heat and cold stress) allows the 

persistence and colonization throughout the food 

chain by forming contamination reservoirs that are 

difficult to control (Bolocan et al., 2016; Bucur et al., 

2018). The Listeria species can be categorized into 

different serotypes according to the serological 

reactions of the Listerial somatic antigen (O-antigen) 

and flagellar antigen (H-antigen) with specific 

antisera. L. monocytogenes can be classified into at 

least 13 serotypes (Orsi et al., 2011), three of them 

(1/2a, 1/2b, and 4b) are involved in over 95% of 

human clinical cases, and serotype 4b exhibits the 

strongest epidemiological association with human 

listeriosis (Maury et al., 2016; Lee et al., 2018). 

 

Ready-to-eat (RTE) foods are defined as any food in 

a raw state or one that is handled, processed, mixed, 

cooked, or prepared and is consumed without any 

further processing (Monteiro, 2010). The RTE foods 

are a practical alternative to meet daily food needs; 

however, they are not exempt from contamination by 

biological hazards such as Salmonella spp., 

pathogenic Escherichia coli, and Listeria 

monocytogenes (Becker et al., 2019). 

 

Although historically associated with ready-to-eat 

meats and dairy, evidence accumulated over the last 

decade demonstrates that plants and plant-derived 

foods are viable habitats and vectors for L. 

monocytogenes. Plants (including leafy greens and 

root vegetables) may be contaminated from natural 

reservoirs such as soil, irrigation water, manure, or 

during harvest and postharvest handling, and the 

bacterium’s capacity to attach to plant surfaces and 

form biofilms increases the difficulty of eliminating it 

from both primary production environments and 

processing facilities (Truong et al., 2021; Townsend 

et al., 2021). These plant-associated reservoirs mean 

that commonly consumed vegetables such as lettuce 

(Lactuca sativa), carrot (Daucus carota), and 

brassicas (Brassica oleracea and relatives) can act as 

vehicles for L. monocytogenes 

 

Fresh vegetables such as lettuce (Lactuca sativa), 

carrot (Daucus carota), and cabbage (Brassica 

oleracea) are widely consumed globally in Lagos, 

Nigeria, often in raw or minimally processed forms. 

While these foods offer essential nutrients, they also 

serve as potential vehicles for foodborne pathogens. 

One major pathogen of concern is Listeria 

monocytogenes, a psychrotrophic bacterium capable 

of causing severe and sometimes fatal listeriosis, 

especially among high-risk groups such as pregnant 

women, neonates, older adults and 

immunocompromised individuals. The burden of L. 

monocytogenes in developing countries is under-

reported, yet available evidence suggests growing 

public-health relevance. 

 

Ajayeoba et al. (2015) reported the detection of L. 

monocytogenes in lettuce, carrots, and cabbage sold 

in markets across southwestern Nigeria, with Lagos 

recording one of the highest contamination rates. 

Similarly, Ieren (2013) and Mumuney et al. (2021) 

found the pathogen in salad vegetables sold in Zaria 

and Sokoto, respectively, demonstrating widespread 

environmental and food-chain contamination. Given 

the complex vegetable supply chain in the Lagos 

metropolis—ranging from farms and irrigation 

systems to markets and roadside vendors—critical 

gaps remain in understanding where contamination 

occurs and how pathogenic, resistant strains spread. 

Without comprehensive and up-to-date data, effective 

risk assessment, prevention strategies and regulatory 

interventions remain difficult. This gap underscores 

the need for a detailed investigation into the 

prevalence, virulence potential, antimicrobial 

resistance patterns, and contamination routes of L. 

monocytogenes on commonly consumed vegetables 

in Lagos. Therefore, the objective of this paper is to 

investigate the phenotypic and molecular 

identification, prevalence and distribution of Listeria 

species in lettuce (Lactuca sativa), cabbage (Brassica 

oleracea) and Carrot (Daucus carota) obtained 

selected markets in Lagos State, Nigeria 

 

MATERIALS AND METHODS 
Sample Collection and Preparation: Fresh vegetables 

samples such as lettuce (Lactuca sativa), cabbage 

(Brassica oleracea) and Carrot (Daucus carota) were 

obtained from Ikotun (Alimosho LGA), Ajangbadi 

(Ojo LGA), Mile 12 (Kosofe), Sabo-Yaba (Lagos 

Mainland), and Idumota (Lagos Island) markets 

Lagos State. A total of 354 samples were obtained 

from the open market for a period of 4 weeks. The 

samples were placed separately in a sterile 
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polyethylene bags and taken immediately to the 

laboratory. All the samples obtained only included 

fresh vegetables and samples which showed any sign 

of spoilage were excluded. Fresh produce samples 

were packaged and stored at 4oC before the analysis. 

 

Enumeration and Isolation of Bacteria: This was 

done according to Cheesbrough (2013). Five test 

tubes were labeled 10-1, 10-2, 10-3, 10-4 and 10-5. 

With the aid of a sterile pipette, 9 ml of distilled 

water was transferred into each test tube. The test 

tubes were sterilized in the autoclave and allowed to 

cool down. The intact vegetable samples were 

washed with water and placed in a stomacher bag 

containing 225 ml of peptone water. For the control, 

the vegetable samples were first washed with vinegar 

before being placed in a stomacher bag containing 

225 ml of peptone water. The stomacher bag was 

then placed in the stomacher machine for vigorous 

shaking and mixing of the vegetable samples with the 

peptone water. 1ml of the mixed peptone water from 

the stomacher bag was measured using a 25ml 

syringe and added to the distilled water in test tube 

10-1  and shaken vigorously to mix properly. 1ml 

was transferred from test tube 10-1 to test tube 10-2, 

this  was done till the last test tube (10-5). 

 

Inoculation and incubation: Aliquot (1ml) of the 10-1 

dilution was introduced into 3 Petri dishes (in 

triplicate) and poured with PALCAM agar (Phenol 

Red, Acriflavine, Lithium Chloride, Ceftazidime, and 

Aesculin with Mannitol) and Nutrient agar and were 

allowed to set and then incubated at 37oC for 24 h in 

an inverted position.  

 

Identification of Bacterial Isolates: At the end of the 

incubation period, the culture plates were examined 

for growth. The population of the bacterial isolates 

was estimated by counting the number of discrete 

colonies in the plate which was expressed in colony 

forming unit (cfu) per gram. Morphological and 

cultural characteristics were observed. Discrete 

colonies were sub-cultured by streak plate method in 

order to obtain pure culture. Stock cultures of each 

colony were prepared in the agar slants which were 

incubated for 24 h to allow for growth after which 

they were stored at 4 oC in the refrigerator for further 

use. Preliminary identification was carried out based 

on cultural and morphological characteristics. 

Polymerase chain reaction technique was then used to 

confirm the identity of the isolates 

 

Bacteria DNA extraction: DNA was extracted using 

the protocol stated by Wilson (2001). Briefly, Single 

colonies grown on medium were transferred to 1.5 ml 

of liquid medium and cultures were grown on a 

shaker for 48 h at 28 ºC. After this period, cultures 

were centrifuged at 4600g for 5 min. The resulting 

pellets were resuspended in 520 μl of TE buffer (10 

mMTris-HCl, 1mM EDTA, pH 8.0). Fifteen 

microliters of 20% SDS and 3 μl of Proteinase K (20 

mg/ml) were then added. The mixture was incubated 

for 1 hour at 37 ºC, then 100 μl of 5 M NaCl and 80 

μL of a 10% CTAB solution in 0.7 M NaCl were 

added and vortexed.  The suspension was incubated 

for 10 min at 65 ºC and kept on ice for 15 min.  An 

equal volume of chloroform: isoamyl alcohol (24:1) 

was added, followed by incubation on ice for 5 min 

and centrifugation at 7200g for 20 min. The aqueous 

phase was then transferred to a new tube and 

isopropanol (1: 0.6) was added and DNA precipitated 

at –20 ºC for 16 h. DNA was collected by 

centrifugation at 13000g for 10 min, washed with 500 

μl of 70% ethanol, air-dried at room temperature for 

approximately three hours and finally dissolved in 50 

μl of TE buffer. 

 

Polymerase Chain Reaction  Analysis: PCR 

sequencing preparation cocktail consisted of 10 µl of 

5x GoTaq colourless reaction, 3 µl of 25mM MgCl2, 

1 µl of 10 mM of dNTPs mix, 1 µl of 10 pmol each 

27F 5’- AGA GTT TGA TCM TGG CTC AG-3’ and 

- 1525R, 5′-AAGGAGGTGATCCAGCC-3′ primers 

and 0.3units of Taq DNA polymerase (Promega, 

USA) made up to 42 µl with sterile distilled water 

8μl DNA template. PCR was carried out in a 

GeneAmp 9700 PCR System Thermalcycler (Applied 

Biosystem  Inc., USA) with a  Pcr profile consisting 

of an initial denaturation at 94°C for 5 min; followed 

by a 30 cycles consisting of 94°C for 30 s, 50°C for 

60s and 72°C for 1 minute 30 seconds ;  and a final 

termination at 72°C for 10 mins. And chill at 

4oC.GEL (2,3) 

 

Integrity: The integrity of the amplified gene 

fragment was checked on a 1% Agarose gel ran to 

confirm amplification.  The buffer (1XTAE buffer) 

was prepared and subsequently used to prepare 1.5% 

agarose geL. The suspension was boiled in a 

microwave for 5 minutes. The molten agarose was 

allowed to cool to 60°C and stained with 3µl of 0.5 

g/ml ethidium bromide (which absorbs invisible UV 

light and transmits the energy as visible orange light). 

A comb was inserted into the slots of the casting tray 

and the molten agarose was poured into the tray. The 

gel was allowed to solidify for 20 minutes to form the 

wells. The 1XTAE buffer was poured into the gel 

tank to barely submerge the geL. Two microliter (2 l) 

of 10X blue gel loading dye (which gives colour and 

density to the samples to make it easy to load into the 

wells and monitor the progress of the gel) was added 

to 4µl of each PCR product and loaded into the wells 



Phenotypic and Molecular Identification, Prevalence and Distribution of Listeria spp…                               1055 

ILEVBARE, L. O; UZEH, R. E; ODUMOSU, B. T. 

after the 100bp DNA ladder was loaded into well 1. 

The gel was electrophoresed at 120V for 45 minutes 

visualized by ultraviolet trans-illumination and 

photographed. The sizes of the PCR products were 

estimated by comparison with the mobility of a 

100bp molecular weight ladder that was ran 

alongside experimental samples in the geL. 

 

Purification of Amplified Products: After gel 

integrity, the amplified fragments were ethanol 

purified in order to remove the PCR reagents. 

Briefly, 7.6 µl of Na acetate 3M and 240 µl of 95% 

ethanol were added to each about 40µl PCR 

amplified product in a new sterile 1.5 µl tube 

eppendorf, mix thoroughly by vortexing and keep at -

20°C for at least 30 min. Centrifugation for 10 min at 

13000 g and 4°C followed by removal of supernatant 

(invert tube on trash once) after which the pellet were 

washed by adding 150 µl of 70% ethanol and mix 

then centrifuge for 15 min at 7500 g and 4°C. Again 

remove all supernatant (invert tube on trash) and 

invert tube on paper tissue and let it dry in the fume 

hood at room temperature for 10-15 min. then 

resuspend with 20 µl of sterile distilled water and 

kept in -20oC prior to sequencing. The purified 

fragment was checked on a 1.5% Agarose gel ran on 

a voltage of 110V for about 1hr as previous, to 

confirm the presence of the purified productand 

quantified using a nanodrop of model 2000 from 

thermo scientific. 

 

Sequencing: The amplified fragments were 

sequenced using a Genetic Analyzer 3130xl 

sequencer from Applied Biosystems using 

manufacturers’ manual while the sequencing kit used 

was that of BigDye terminator v3.1 cycle sequencing 

kit. Bio- Edit software and MEGA 6 were used for all 

genetic analysis 

 

Data Analysis: Statistical analyses were carried out 

using SPSS 24. Descriptive statistics was used to 

present data as mean plus/minus standard error. 

Frequency distribution was used to analyse the 

distribution and prevalence of isolates while one way 

ANOVA was used to find significant differences 

among variables 

 

RESULTS AND DISCUSSION 
Table 1 presents the mean bacterial counts (x 10

3
 

CFU/g obtained from PALCAM agar for the three 

vegetables sampled across the five markets. The 

results show considerable variation in the microbial 

load among markets, although the differences among 

vegetables within the same market were not 

statistically significant (p > 0.05). Sabo-Yaba 

produced the highest bacterial counts across all three 

vegetables, ranging from 7.87 to 8.75 x 10
3
 CFU/g, 

suggesting a high degree of microbial contamination 

likely associated with environmental exposure, 

handling practices, or unhygienic market conditions. 

In contrast, Idumota recorded the lowest bacterial 

loads for all vegetables, with values between 2.30 

and 2.56 x 10
3
 CFU/g, indicating comparatively 

cleaner produce or better sanitary conditions in that 

market. Across all markets, lettuce, carrots, and 

cabbage exhibited similar levels of contamination 

within the same location, as shown by the non-

significant p-values.  

 

The bacterial counts obtained on PALCAM agar 

demonstrate clear differences in the microbiological 

quality of vegetables sold across the five markets and 

provide strong evidence that market related factors 

are the primary drivers of contamination. The 

substantial variation in mean bacterial loads among 

markets indicates that post-harvest handling practices 

environmental exposure and sanitation at the point of 

sale exert a greater influence on microbial burden 

than vegetable type. Similar observations have been 

reported in studies assessing fresh produce in open 

markets where differences in hygiene and 

infrastructure accounted for most of the variability in 

microbial counts rather than crop specific 

characteristics (Alegbeleye et al. 2018). The 

consistently high bacterial loads observed in 

vegetables from Sabo Yaba suggest significant 

exposure to microbial contamination. Counts ranging 

from 7.87 to 8.75 log10 cfu per gram indicate heavy 

contamination and raise concerns regarding food 

safety. Open market environments characterized by 

overcrowding, poor waste management and limited 

access to potable water have been strongly associated 

with elevated bacterial loads on fresh produce 

(Abakari et al. 2018). In such settings vegetables are 

often displayed on bare surfaces or on the ground 

which increases contact with contaminated soil dust 

and wastewater. In addition, repeated handling by 

vendors and consumers without adequate hand 

hygiene further contributes to microbial transfer. 

These factors collectively create conditions that favor 

the persistence and proliferation of bacteria including 

Listeria species which are selectively supported by 

PALCAM agar and are known to survive under 

adverse environmental conditions (Carstens et al. 

2019). In contrast, vegetables obtained from Idumota 

exhibited markedly lower bacterial loads across all 

three vegetable types. Mean values between 2.30 and 

2.56 log10 cfu per gram suggest comparatively better 

microbiological quality and reduced exposure to 

contamination. Lower microbial loads of this 

magnitude have been linked to improved market 

sanitation, better drainage systems and more frequent 
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washing of produce with cleaner water (Uyttendaele 

et al. 2015). The findings imply that vendors in this 

market may be employing basic hygienic practices 

that effectively limit bacterial contamination even in 

the absence of advanced food safety controls. This 

supports previous evidence that relatively simple 

interventions at the retail level can significantly 

improve the microbial safety of fresh vegetables (Gil 

et al. 2015). The absence of statistically significant 

differences in bacterial counts among lettuce carrots 

and cabbage within the same market further 

emphasizes the dominant role of shared 

environmental conditions. Although leafy vegetables 

such as lettuce are often considered more susceptible 

to contamination due to their large surface area and 

proximity to soil during cultivation the present 

findings indicate that once vegetables enter the same 

distribution and retail environment these intrinsic 

differences become less influential (Oliveira et al. 

2015). When vegetables are washed with the same 

water displayed on similar surfaces and handled by 

the same vendors they are exposed to similar 

contamination pathways. This pattern has been 

reported in multiple studies which concluded that 

market hygiene and handling practices outweigh 

vegetable morphology in determining microbial load 

at the point of sale (Alegbeleye et al. 2018; Abakari 

et al. 2018). 

 
Table 1: bacterial counts (x103 CFU/g) on PALCAM agar 

Markets Samples N Bacterial Counts 

Ikotun Lactuca sativa 24 7.54±1.23 
 Daucus carota 24 7.79±0.47 

 Brassica oleracea 23 7.95±0.44 

 p-value  0.936 
Ajangbadi    

 Lactuca sativa 24 5.16±0.58 

 Daucus carota 23 4.73±0.53 
 Brassica oleracea 24 4.58±0.57 

 p-value  0.751 

Mile 12    
 Lactuca sativa 23 7.00±0.85 

 Daucus carota 24 5.91±0.70 

 Brassica oleracea 24 5.79±0.59 
 p-value  0.436 

Sabo-Yaba    
 Lactuca sativa 24 8.75±0.51 

 Daucus carota 23 8.08±0.54 

 Brassica oleracea 24 7.87±0.65 
 p-value  0.528 

Idumota    

 Lactuca sativa 23 2.30±0.41 
 Daucus carota 24 2.41±0.38 

 Brassica oleracea 23 2.56±0.35 

 p-value  0.891 

 

From a public health perspective the results are 

significant because vegetables are often consumed 

raw or minimally processed which limits the 

effectiveness of subsequent microbial reduction 

steps. High bacterial loads on retail vegetables have 

been linked to foodborne disease outbreaks 

particularly those involving Listeria monocytogenes 

and other enteric pathogens (Carstens et al. 2019). 

The findings therefore highlight the need for routine 

microbiological surveillance of vegetables sold in 

open markets as well as targeted interventions 

focused on improving hygiene at the retail leveL. 

Provision of clean water enforcement of sanitation 

standards and education of vendors on safe handling 

practices have been shown to reduce microbial 

contamination and improve consumer safety (Gil et 

al. 2015; Uyttendaele et al. 2015). All presumptive 

Listeria isolates obtained from lettuce samples were 

first subjected to cultural, morphological, and 

biochemical characterization as presented in Table 2. 

The isolates exhibited growth patterns and colony 

morphologies consistent with members of the genus 

Listeria. Microscopic examination revealed Gram-

positive, short rod-shaped cells, while biochemical 

reactions further supported their presumptive 

identification as Listeria species. Molecular 

confirmation was achieved using PCR-based methods 

as shown in Plate 1. Agarose gel electrophoresis of 

the amplified products revealed clear and distinct 

DNA bands at the expected molecular sizes 

corresponding to Listeria-specific target genes. All 

analysed isolates produced sharp, well-defined bands, 

indicating successful amplification and good DNA 

quality. No non-specific bands or primer-dimer 

formations were observed, and negative controls 

showed no amplification, confirming the specificity 

of the PCR assay. The presence of uniform band 

sizes among isolates tentatively identified as the same 

species further supported their genetic relatedness. 

Sequence analysis of the PCR amplicons is presented 

in Table 3 and confirmed the identities of the isolates 

as Listeria monocytogenes, Listeria innocua, and 

Listeria ivanovii. The sequences showed very high 

similarity to reference strains deposited in the 

GenBank database, with percentage identity values 

ranging from 99.35% to 100%, query coverage of 

99–100%, and E-values of 0, indicating highly 

significant matches. Listeria monocytogenes was the 

predominant species, accounting for the majority of 

the isolates, followed by Listeria innocua and 

Listeria ivanovii. 

 

Phylogenetic analysis was performed to determine 

the evolutionary relationships among the isolates and 

reference Listeria strains as presented in Figure 1. 

The phylogenetic tree revealed distinct clustering of 

the isolates according to their species designation. 

Isolates identified as Listeria monocytogenes 

clustered tightly together within the L. 

monocytogenes clade and showed close genetic 

relatedness to reference strains, suggesting a common 
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evolutionary origin. Similarly, Listeria innocua 

isolates formed a separate and well-supported cluster, 

clearly distinct from the pathogenic L. 

monocytogenes group. The single Listeria ivanovii 

isolate clustered independently within the L. ivanovii 

lineage, confirming its species-level distinction. The 

isolation and molecular confirmation of Listeria 

species from lettuce samples in the present study 

provide further evidence that fresh vegetables serve 

as important vehicles for Listeria contamination and 

potential transmission to humans. Several studies 

have demonstrated that leafy vegetables are 

particularly susceptible to contamination due to their 

large surface area, close contact with soil irrigation 

water and extensive handling during harvesting and 

marketing (Sant Ana et al., 2017; Olaimat et al., 

2018). The recovery of Listeria monocytogenes 

alongside other Listeria species in this study aligns 

with reports indicating that multiple species 

frequently coexist in fresh produce environments. 

The predominance of Listeria monocytogenes among 

the isolates is consistent with its ecological fitness 

and ability to persist under adverse environmental 

conditions. This species is well known for its 

capacity to survive refrigeration acidic conditions and 

osmotic stress which facilitates its persistence on raw 

vegetables during storage and distribution (Carpentier 

and Cerf, 2011; Ferreira et al., 2014). Similar 

findings have been reported in studies investigating 

fresh and minimally processed vegetables where L. 

monocytogenes was the most frequently detected 

Listeria species (Strawn et al., 2013; Oliveira et al., 

2018). Phylogenetic analysis in the present study 

revealed clear clustering of isolates according to 

species, which confirms the accuracy of molecular 

identification and suggests close genetic relatedness 

among isolates of the same species. Phylogenetic 

grouping of Listeria isolates has been widely used to 

infer evolutionary relationships and potential sources 

of contamination in food safety studies (Ragon et al., 

2008; Maury et al., 2016). The tight clustering of L. 

monocytogenes isolates observed here may indicate 

circulation of closely related strains within the 

produce handling environment or common 

contamination routes along the supply chain. The 

detection of Listeria innocua and Listeria ivanovii 

alongside L. monocytogenes highlights the ecological 

diversity of Listeria species associated with fresh 

produce. Although L. innocua is generally considered 

non-pathogenic, its presence is epidemiologically 

significant because it often shares environmental 

niches with L. monocytogenes and is commonly used 

as an indicator organism for Listeria contamination 

(Orsi and Wiedmann, 2016). Listeria ivanovii, while 

primarily associated with animal infections, has 

occasionally been implicated in human disease, and 

its isolation from food matrices underscores the 

importance of monitoring a broad range of Listeria 

species in food safety assessments (Guillet et al., 

2010). The public health significance of detecting L. 

monocytogenes in lettuce is substantial due to the 

association of this pathogen with severe foodborne 

illness and outbreaks linked to fresh produce 

consumption. Several outbreaks of listeriosis have 

been traced to contaminated leafy greens and ready-

to-eat salads, resulting in hospitalisation and 

mortality, particularly among pregnant women, the 

elderly, and immunocompromised individuals 

(McCollum et al., 2013; Self et al., 2019). The ability 

of L. monocytogenes to form biofilms on plant 

surfaces and food contact materials further enhances 

its persistence and complicates control measures 

(Gandhi and Chikindas, 2007). The use of PCR based 

molecular techniques and sequencing in this study 

proved essential for accurate species identification 

and confirmation of Listeria isolates. Conventional 

cultural and biochemical methods alone may be 

insufficient to differentiate closely related Listeria 

species whereas molecular tools provide higher 

specificity sensitivity and epidemiological resolution 

(Jadhav et al., 2012; Law et al., 2015). The distinct 

PCR banding patterns and species specific 

phylogenetic clustering observed in this study 

therefore reinforce the value of molecular diagnostics 

in routine food safety surveillance. 
 

 
Plate 1: agarose gel electrophoresis of the PCR products of 16s 

rRNA gene amplified from Listeria isolates. (Band size 
approximately 1500bp). Mk = molecular size marker. A-J 

represent different isolates of Listeria as presented in Table 3 
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Fig. 1: phylogenetic tree analysis of Listeria isolates 

 

Table 4 outlines the distribution of Listeria species 

isolated from lettuce samples obtained from the five 

markets. Out of the 118 lettuce samples analyzed, 21 

(17.80%) were positive for various Listeria species. 

 Ikotun and Mile 12 showed relatively higher 

contamination rates, at 16.67% and 21.74% 

respectively, while Sabo-Yaba recorded the lowest 

prevalence at 12.50%. Multiple Listeria species were 

detected, including Listeria monocytogenes, L. 

innocua, and L. ivanovii. Notably, L. monocytogenes, 

the primary pathogenic species associated with 

listeriosis, was detected in several samples across 

different markets, highlighting a significant public 

health concern. The distribution of Listeria species 

across lettuce carrot and cabbage samples provides 

important insight into the epidemiology of Listeria 

contamination in fresh vegetables sold in open 

markets and reinforces concerns regarding the 

microbiological safety of raw produce. The detection 

of Listeria species in all three vegetables across 

multiple markets confirms that contamination is 

widespread and not limited to a single produce type 

or location. The overall prevalence values ranging 

from 17.80 percent to 19.49 percent are consistent 

with reports from similar market based studies in low 

and middle income settings where fresh vegetables 

are frequently exposed to contaminated environments 

during harvesting transportation and retail display 

(Alegbeleye et al. 2018; Uyttendaele et al. 2015). In 

lettuce samples the detection of Listeria species in 

nearly one fifth of the analyzed samples highlights 

the vulnerability of Lactuca sativa to microbial 

contamination. Lettuce possesses a broad uneven leaf 

surface that readily retains moisture soil particles and 

microorganisms which facilitates bacterial 

attachment and persistence (Gil et al. 2015).

 

Table 2: cultural, morphological and biochemical characteristics of Listeria isolates 

Parameters A B C D E F G H I J 

Cultural           

Shape Circular Circular Circular Circular Circular Circular Circular Circular Circular Circular 

Colour Grey-
green 

Grey-
green 

Grey-
green 

Grey- 
green 

Grey-
green 

Grey- 
green 

Grey- 
green 

Grey-
green 

Grey-
green 

Grey-
green 

Size Small  Small  Small  Small  Small  Small  Small  Small  Small  Small  

Elevation Raised  Raised  Raised  Raised  Raised  Raised  Raised  Raised  Raised  Raised  

Morphological           

Gram Stain + + + + + + + + + + 

Cell Type Rod Rod Rod Rod Rod Rod Rod Rod Rod Rod 
Spore Staining - - - + + - - - - - 

Motility  + + + + + + + + + + 

Biochemical           

Urease - - - - - - - - - - 

Indole - - - - - - - - - - 

Citrate - - + - + + + + - - 
Catalase  + + + + + + + + + + 

Nitrate reduction - - - - - - - - - - 

Methyl-red + + + + + + + + + + 
Esculin hydrolysis + + + + + + + + + + 

Oxidase - - - - - - - - - - 

H2S - - - - - - - - - - 

Oxidative fermentation test        

Glucose  + + + + + + + + + + 

Sucrose  - + + + + + + + + + 
Lactose - + + + + + + - + + 

Rhamnose  + + + + + + + + + + 

Xylose + - - - - - - + - - 
Probable isolates Listeria 

sp. 

Listeria 

sp. 

Listeria 

sp. 

Listeria sp. Listeria 

sp. 

Listeria 

sp. 

Listeria 

sp. 

Listeria 

sp. 

Listeria 

sp. 

Listeria 

sp. 
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Table 3: identity of Listeria species 

Sample 
Id 

Scientific Name Max Score Total Score Query Cover E value Per. Ident Accession 

A Listeria monocytogenes 2518 15080 100% 0 99.64% PX070064 

B Listeria monocytogenes 2531 15158 99% 0 99.93% PX070065 

C Listeria monocytogenes 2529 15147 100% 0 99.85% PX070066 
D Listeria innocua 2521 2521 100% 0 99.71% PX070067 

E Listeria monocytogenes 2536 15158 100% 0 99.93% PX070068 

F Listeria innocua 2532 2532 100% 0 99.93% PX070069 
G Listeria ivanovii 2512 2512 100% 0 99.35% PX070070 

H Listeria monocytogenes 2549 15269 100% 0 100.00% PX070071 

I Listeria monocytogenes 2543 15236 100% 0 99.93% PX070072 
J Listeria monocytogenes 2532 15169 99% 0 99.93% PX070073 

 

Table 4: distribution of Listeria in Lactuca sativa obtained from different markets 

Listeria   Markets   
 

 Ikotun 

(24) 

Ajangbadi 

(24) 

Mile12 

(23) 

SaboYaba 

(24) 

Idumota 

(23 ) Total (118) 

Listeria monocytogenes 1(4.17) 1 (4.17) 0(0.0) 1(4.17) 0(0.0) 3(2.54) 

Listeria monocytogenes 0(0.0) 1(4.17) 1(4.35) 0(0.0) 0(0.0) 2(1.69) 

Listeria monocytogenes 0(0.0) 0(0.0) 1(4.35) 0(0.0) 1(4.35) 2(1.69) 
Listeria monocytogenes 0(0.0) 1(4.17) 0(0.0) 1(4.17) 0(0.0) 2(1.69) 

Listeria monocytogenes 1(4.17) 0(0.0) 0(0.0) 0(0.0) 1(4.35) 2(1.69) 

Listeria monocytogenes 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(4.35) 1(0.85) 
Listeria monocytogenes 1(4.17) 0(0.0) 1(4.35) 0(0.0) 1(4.35) 3(2.54) 

Listeria innocua 0(0.0) 0(0.0) 1(4.35) 1(4.17) 0(0.0) 2(1.69) 

Listeria innocua 1(4.17) 0(0.0) 0(0.0) 0(0.0) 1(4.35) 2(1.69) 
Listeria ivanovii 0(0.0) 1(4.17) 1(4.35) 0(0.0) 0(0.0) 2(1.69) 

Total 4(16.67) 44(16.67) 5 (21.74) 3 (12.50) 55 (21.74) 21(17.80) 

The relatively higher prevalence observed in Ikotun 

and Mile 12 compared with Sabo Yaba suggests that 

factors such as water quality used for washing 

frequency of handling and sanitation of display 

surfaces may vary substantially between markets. 

Several studies have demonstrated that the use of 

contaminated irrigation or wash water is a major 

route through which Listeria is introduced into leafy 

vegetables and subsequently disseminated at retail 

points (Uyttendaele et al. 2015).  

 

The isolation of Listeria monocytogenes from lettuce 

is particularly concerning because this vegetable is 

commonly consumed raw and therefore bypasses any 

thermal processing that could reduce microbial load. 

Previous outbreaks of listeriosis have been directly 

linked to the consumption of contaminated leafy 

greens underscoring the public health significance of 

these findings (Carstens et al. 2019).  

 

Table 5 shows the occurrence of Listeria species in 

carrot samples collected from the five markets. 

Carrots showed an overall Listeria prevalence of 

17.80% (21 out of 118 samples), closely matching 

the pattern observed in lettuce.  

 

Sabo-Yaba recorded the highest contamination rate at 

21.74%, followed by Idumota at 20.83%. Ikotun, 

Ajangbadi, and Mile 12 exhibited moderate but 

comparable prevalence values ranging between 

12.50% and 17.39%. Similar to lettuce, several 

isolates of L. monocytogenes were detected in carrot 

samples. The presence of L. innocua and L. ivanovii 

further reflects a diverse Listeria population 

contaminating produce in these markets. Carrot 

samples exhibited a prevalence pattern similar to that 

observed in lettuce which indicates that root 

vegetables are also important reservoirs for Listeria 

species when hygienic controls are inadequate.  

 

Although carrots are often peeled or washed before 

consumption, contamination can persist on their 

surfaces and within surface irregularities particularly 

when they are grown in contaminated soil or washed 

with untreated water (Beuchat 2021). The highest 

prevalence recorded in Sabo Yaba suggests intense 

environmental exposure likely due to poor sanitation 

and handling practices within the market.  

 

The detection of Listeria monocytogenes in carrots 

corroborates earlier findings that root vegetables can 

serve as vehicles for pathogenic Listeria especially 

when consumed raw or lightly processed as in salads 

or juices (Oliveira et al. 2015).  

 

The presence of Listeria innocua and Listeria 

ivanovii further reflects environmental contamination 

and indicates that the market ecosystem supports the 

survival of multiple Listeria species.
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Table 5: distribution of Listeria in Daucus carota obtained from different markets 

Listeria   Market   Total 

 Ikotun 

(24) 

Ajangbadi 

(23) 

Mile12 

(24) 

SaboYaba 

(23) 

Idumota 

(24) 118 

Listeria monocytogenes 1(4.17) 0(0.0) 1(4.17) 0(0.0) 0(0.0) 2(1.69) 

Listeria monocytogenes 0(0.0) 1(4.35) 0(0.0) 1(4.35) 0(0.0) 2(1.69) 
Listeria monocytogenes 0(0.0) 0(0.0) 1(4.17) 0(0.0) 1(4.17) 2(1.69) 

Listeria monocytogenes 0(0.0) 0(0.0) 1(4.17) 1(4.35) 0(0.0) 2(1.69) 

Listeria monocytogenes 0(0.0) 0(0.0) 0(0.0) 1(4.35) 0(0.0) 1(0.85) 
Listeria monocytogenes 1(4.17) 1(4.35) 0(0.0) 0(0.0) 1(4.17) 3(2.54) 

Listeria monocytogenes 0(0.0) 1(4.35) 0(0.0) 0(0.0) 1(4.17) 2(1.69) 

Listeria innocua 0(0.0) 1(4.35) 0(0.0) 1(4.35) 0(0.0) 2(1.69) 
Listeria innocua 1(4.17) 0(0.0) 1(4.17) 0(0.0) 1(4.17) 3(2.54) 

Listeria ivanovii 0(0.0) 0(0.0) 0(0.0) 1(4.35) 1(4.17) 2(1.69) 

 3(12.50) 4 (17.39) 4(16.67) 5(21.74) 5(20.83) 21 (17.80) 

 
Table 6: distribution of Listeria in Brassica oleracea obtained from different markets 

Listeria   Markets   Total 

 Ikotun 

(23) 

Ajangbadi 

(24) 

Mile12 

(24) 

SaboYaba 

(24) 

Idumota 

(23) 118 

Listeria monocytogenes 2 0(0.0) 0(0.0) 1(4.17) 0(0.0) 3(2.54) 
Listeria monocytogenes 1(4.35) 1(4.17) 1(4.17) 0(0.0) 0(0.0) 3(2.54) 

Listeria monocytogenes 1(4.35) 0(0.0) 0(0.0) 1(4.17) 0(0.0) 2(1.69) 

Listeria monocytogenes 0(0.0) 1(4.17) 0(0.0) 0(0.0) 1(4.35) 2(1.69) 
Listeria monocytogenes 1(4.35) 1(4.17) 0(0.0) 0(0.0) 1(4.35) 3(2.54) 

Listeria monocytogenes 1(4.35) 0(0.0) 1(4.17) 0(0.0) 0(0.0) 2(1.69) 

Listeria monocytogenes 0(0.0) 1(4.17) 0(0.0) 1(4.17) 0(0.0) 2(1.69) 
Listeria innocua 0(0.0) 0(0.0) 1(4.17) 0(0.0) 1(4.35)  2(1.69) 

Listeria innocua 0(0.0) 0(0.0) 1(4.17) 0(0.0) 0(0.0) 1(0.85) 

Listeria ivanovii 1(4.35) 0(0.0) 1(4.17) 1(4.17) 0(0.0) 3(2.54) 
Total 7 (30.43) 4(16.67) 5 (20.83) 4(16.67) 3 (13.04) 23 (19.49) 

Table 6 details the distribution of Listeria species in 

cabbage samples from the five markets. Cabbage 

recorded the highest overall prevalence of Listeria 

contamination among the three vegetables, with 23 

positive samples out of 118 (19.49%). Ikotun 

demonstrated the highest contamination level, with 

30.43% of its cabbage samples testing positive, 

representing the single highest value across all 

vegetables and markets. Conversely, Idumota had the 

lowest contamination rate at 13.04%. As with the 

other vegetables, L. monocytogenes was frequently 

isolated, alongside L. innocua and L. ivanovii. 

Cabbage demonstrated the highest overall prevalence 

of Listeria contamination among the three vegetables 

which may be attributed to its structural 

characteristics. The compact layered leaves of 

Brassica oleracea can trap dirt, organic matter and 

microorganisms and can protect bacteria from 

removal during routine washing (Gil et al. 2015). The 

exceptionally high prevalence recorded in Ikotun 

suggests substantial contamination pressure possibly 

arising from prolonged storage, unsanitary display 

conditions and repeated handling. Studies have 

shown that Listeria species can persist in the folds of 

cabbage leaves for extended periods and may even 

multiply under favorable moisture conditions making 

this vegetable a particularly high risk commodity 

(Alegbeleye et al. 2018). As observed in lettuce and 

carrots the frequent isolation of Listeria 

monocytogenes in cabbage samples raises significant 

food safety concerns due to the severity of listeriosis 

and its high mortality rate among vulnerable 

populations. 

 

Across all vegetables the coexistence of pathogenic 

and non-pathogenic Listeria species suggests 

continuous environmental seeding of produce with 

bacteria from soil water and handling surfaces. The 

presence of Listeria innocua is often regarded as an 

indicator of environmental contamination and poor 

hygiene and its detection alongside Listeria 

monocytogenes supports the notion of shared 

contamination routes (Uyttendaele et al. 2015). The 

variability in prevalence among markets further 

reinforces the role of market specific hygiene 

practices rather than vegetable type alone in shaping 

contamination patterns. Markets with inadequate 

waste disposal, limited access to clean water, and 

poor infrastructure are more likely to support the 

survival and transmission of Listeria species. 
 

Conclusion: This study demonstrates that fresh 

vegetables sold in open markets in Lagos State 

harbour a considerable burden of Listeria species, 

including the pathogenic Listeria monocytogenes. 

The predominance of L. monocytogenes raises 

significant food safety and public health concerns, 

particularly given the common consumption of these 

vegetables in raw or minimally processed forms. The 

coexistence of pathogenic and non-pathogenic 
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Listeria species further suggests continuous 

environmental contamination and inadequate 

hygienic controls along the vegetable supply chain. 

The findings emphasize the urgent need for improved 

sanitation practices at points of sale, enforcement of 

food safety regulations, and education of vegetable 

handlers on hygienic handling practices. Routine 

microbiological monitoring incorporating molecular 

diagnostics is strongly recommended to mitigate the 

risk of listeriosis associated with fresh vegetable 

consumption and to protect vulnerable populations. 
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