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INTRODUCTION 

The increasing use of manure-amended soil in vegeta-

ble farming represents a proficient medium for antimi-

crobial-resistant bacteria and gene transmission into 

humans, and this has been documented as one of the 

major threats to human health (Berendonk et al., 2015). 

The transfer of antibiotic-resistance genes (ARGs) from 

bacteria to human-associated pathogens could occur 

through the food chain and can be facilitated by mobile 

genetic elements such as integrons, plasmids and 

transposons. More so, due to the high levels of trans-

missible mobile genetic elements (MGEs) in animal 

manures, they could also play a vital role in the hori-

zontal transfer of ARGs between manure-associated 

bacteria and resident soil bacteria (Chajęcka-

Wierzchowska et al., 2021). Therefore, manured soil 

has become an environmental reservoir of ARGs and 
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MGEs and offers a higher chance of selecting and dis-

seminating resistance into farmland and agricultural 

produce.  

Vegetables range from seed, root, fruit, stem, and leaf; 

these determine their soil contact, surface presentation 

to irrigation, environmental factors such as rain, sun, 

and wind, as well as their fate at harvest. Although, 

vegetables are a requisite constituent of a healthy diet, 

the abundance and transfer of antibiotic-resistant bacte-

ria from manured soils to vegetables often eaten raw or 

with minimal processing is of great concern as it expos-

es humans to microorganisms from the soil and contrib-

utes to the spread of antimicrobial resistance genes. 

Vegetables are often exposed to microbial contamina-

tion and could be a vehicle for the spread of foodborne 

disease-causing pathogens. Escherichia coli, Salmonel-

la, Shigella, Listeria monocytogenes, Clostridi-

um perfringens,   Bacillus spp. and enterococci are pre-

dominantly found on the surface of ready-to-eat vegeta-

bles and fruits (Laconi et al., 2021; Szott and Friese, 

2021; Tan et al., 2020; Gurmessa et al., 2021; Fatoba 

et al., 2021; Esperón et al., 2020; Black et al., 2021; 

EARA, 2020). Washing prior to consumption minimizes 

the microbial load on vegetables but may not be effec-

tive enough to remove all microbial contaminants, as 

consumers may ultimately be exposed directly to the 

microorganisms present in them (Esperón et al., 2020; 

Black et al., 2021).  

In Nigeria, and especially in the sampling locations, 

improper practices in poultry farming include using anti-

biotics in subtherapeutic doses or as growth promoters 

(Chah et al., 2022). Antibiotics misuse affects the bac-

terial response to antibiotics and leads to the develop-

ment of multidrug-resistant (MDR) bacteria, which may 

be transmitted to the manure used to fertilise soils 

(Chah et al., 2018; Nwiyi et al., 2018; Nsofor et al., 

2013). In addition, recommended or mandated man-

agement practices such as ensuring that produce does 

not come into contact with pathogens carried in raw 

manure that is used as a fertilizer, disinfecting the ma-

nure through composting activities and pre-application 

of manure in the soil before planting vegetables in a bid 

to reduce the burden of antibiotic-resistant contaminant, 

are not carried out. Direct application of animal manure 

is a common practice in the sampling areas (Chah et 

al., 2018). Therefore, this study aimed to elucidate 

whether and to what extent vegetables and poultry-

manured soil play a role as a carrier and reservoir of 

antibiotic-resistant bacteria and their capacity to trans-

fer resistance.  

MATERIALS AND METHODS 

Study area/sample collection 

Three different types of indigenous leafy vegetables, 

namely, pumpkin (Cucurbita maxima), water leaf 

(Talinum triangulare) and green leaf (Defmodium intor-

tum), commonly eaten by the inhabitants of the Niger 

Delta region, were collected from different farms fertiliz-

ing vegetables with poultry manure in Abraka and Sa-

pele, Delta State Nigeria. Also, soil samples enhanced 

with poultry manure were obtained from the farms. 

Twenty-seven vegetables, 9 of each type and 27 soils 

enhanced with manure were collected aseptically into 

sterile polyethylene bags and immediately taken to the 

Delta State University’s Microbiology Laboratory for 

bacteriological analyses.  

 

Bacteriological examination /identification 

 Each vegetable sample was macerated using a labora-

tory mortar and pestle, 10g of each was homogenized 

in 40 mL of 0.1% peptone water at normal speed for 2 

min in a stomacher. About 1mL of homogenized vege-

table sample was serially diluted to the tenth factor. For 

the soil sample, 1g manured-fertilized soil samples 

were collected from the topsoil (0–20 cm), free from 

coarse stone or debris and serially diluted to the tenth 

factor. The bacteria were isolated and identified by 

standard bacteriologic culture methods (Pezzuto et al., 

2016). The samples were inoculated onto appropriate 

medium for the growth of selected bacteria and some 

of the media used included bile aesculin azide (ABA) 

agar, MacConkey agar, blood agar, Bordet–Gengou 

agar, and Salmonella Shigella agar plates. Plates were 

incubated at 37oC for 24h. This was subsequently fol-

lowed by biochemical differential tests for bacteria iden-

tification (Table 1). 

 

Antimicrobial susceptibility testing 

Antibiotic susceptibility testing and interpretation were 

carried out by the guidelines of the Clinical and Labora-

tory Standards Institute (Cappacino et al., 2013). From 

an18-24 hours old pure culture colonies, a 0.5 McFar-

land standard equivalent, as previously described 

(Clinical and Laboratory Standards Institute, 2016; Amri 

and Juma, 2016) was prepared and all culture was sub-

sequently swabbed onto Mueller Hinton agar using 

sterile cotton swabs. Different antibiotic discs were 

placed on each plate to test for sensitivity, incubated for 

18h at 37oC, and the zones of inhibition were meas-

ured. The antibiotics tested for susceptibility were 

ceftazidime, cefuroxime, cefixime, ofloxacin, gentami-

cin, ciprofloxacin, nitrofurantoin and augmentin for 

gram-negative isolates; cloxacillin, cotrimoxazole, chlo-

ramphenicol, tetracycline, gentamicin, streptomycin, 

augmentin, and erythromycin for Gram-positive iso-

lates. Multidrug resistance (MDR) was defined as re-

sistance to 3 or more antibiotics. 

Plasmid curing of MDR donor isolates using sodium 

dodecyl sulphate. Plasmid curing was performed on the 

selected MDR donor isolates as previously described 

by the method of (Egbule and Yusuf, 2019) using a 
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10% sodium dodecyl sulphate (SDS). Briefly, 4.5 mL of 

nutrient broth was inoculated with overnight broth cul-

ture of test isolate, then a 0.5 ml, 10% concentration of 

SDS was added, and the mixture was incubated at 37°

C for 48 h. After incubation, 4.5 mL nutrient broth was 

supplemented with 0.5 mL of the broth culture of the 

test isolate and incubated at 37°C for an additional 24 

h. After 24 hrs incubation, an antibiotic susceptibility 

test was carried out on Mueller-Hinton agar plates as 

described earlier using the same antibiotics. Isolates 

that lost their resistance markers post-curing were iden-

tified as cured plasmid cells, harbouring resistance on 

plasmids. 

 

Bacterial conjugation 

Isolates resistant to ≥ 6 antibiotics and harboured plas-

mids were used as donors in the conjugation experi-

ment. The recipient strain was E. coli ATTC No 25922, 

Pseudomonas aeruginosa ATTC No27853, Bacillus 

spp.  ATTC No: 14884 and S. aureus ATTC No: 6538. 

These strains were collected from the Research Labor-

atory, University of Hare Alice, South Africa. The conju-

gation experiment was carried out according to the 

method described by Sijhary et al. (1984). The recipient 

and the donor stains were cultured separately in 2ml of 

peptone-enhanced medium (peptone with Tryptic soy 

broth) and incubated at 35oC for 24 hours. Culture of 

the lactose fermenting donor was mixed with the non-

lactose fermenting recipient (S. aureus X Bacillus sub-

tilis, Klebsiella pneumoniae X E. coli, Enterococci X 

Bacillus spp., Corynebacterium diphtheria X S. aureus, 

Salmonella typhi X E. coli, Streptococcus pyogenes x 

Bacillus spp. at a ratio of 1:10 (donor: recipient) and 

incubated at 37oC for 18 hours. Sample of this mixture 

was plated on a differential medium and MacConkey 

agar plate, adopting spread plate procedure, plates 

were incubated at 37oC for 24 hours. Based on the 

colony appearance, lactose fermenters appeared pink, 

while non-lactose fermenters appeared colourless. Pre-

sumptive transconjugants were isolated, and re-

sistance transferred was confirmed by subjecting iso-

lates to antibiotic susceptibility tests as described earlier. 

RESULTS 

Bacteria isolated from vegetables and soil enriched 

with poultry manure 

A total of 27 indigenous fresh vegetable leaves of three 

different types and soil enriched with poultry manure 

were collected, and organisms were isolated and iden-

Bacterial species Laboratory test criteria for identification 

Escherichia coli Gram staining (Gram - rod), motile, non-sporing, catalase(+),oxidase(-), MR(+), VP(-

),Oxidative/Fermentative (fermentative), indole(+), citrate(-), urease(-), nitrate reduction

(+),coagulase (-) and TSI (yellow butt, yellow slant, H2S−, gas-) 
Staphylococcus aureus Gram +, nonspore-forming cocci, coagulase (+), catalase (+), oxidase (-), indole (-), MR 

(+), VP (+), urease (+), glucose (+) and lactose (+) 

Bacillus sp. Gram staining (Gram + rod), motile, sporing, anaerobic growth, catalase (+), oxidase (-), 

MR(-), VP(+), Indole (-), citrate(+),nitrate reduction(+), urease(-), H2S (+) and glucose(+). 

Klebsiella pneumoniae Gram -, non-motile, citrate (+), catalase (+), oxidase (-), indole (-), MR (-), VP(+), urease 

(+),TSA (H2S−, gas+) 

Flavobacterium sp. Gram (-) rod, nonspore-forming, motile, citrate (+), catalase (+), oxidase (-), indole (-), ni-

trate reduction (+), glucose (+) and H2S (+) 

Streptococcus pyogenes Gram staining (Gram + cocci), motile, sporing, catalase (-), beta-haemolytic, urease (-), MR 

(+), VP (-), Oxidase (-), indole (-), citrate (+), nitrate reduction (+), coagulase (-) and H2S (-) 

Corynebacterium  

diphtheriae 

Gram (+) rod, non-motile, catalase (+), oxidase (-), beta haemolysis, nitrate reduction (+), 

urease (-) and glucose (+) 

Arthrobacter sp. Gram staining (Gram- short thin rod), motile, sporing, catalase (+), MR (+), VP (-), Oxidase 

(+), indole (-), citrate (+), urease (-), coagulase (-) and H2S (+) 

Enterococcus sp. Gram staining (Gram + cocci), non-motile, non-sporing, catalase (-), oxidase (-), MR (-), VP 

(+), Indole (-), citrate (-), urease (-), H2S (-) and coagulase (-) glucose (+) and lactose (+). 

Alcaligens sp. Gram staining (Gram- coccobacilli), motile, catalase (+), oxidase (+), MR (-), VP (+), Indole 

(-), citrate (+), urease (-), H2S (-), glucose (+) and nitrate reduction (-) 

Proteus mirabilis Gram staining (Gram -), motile, catalase (+), oxidase (-), MR  (-), VP(-), citrate(+), Indole  

(-),  urease(+),   haemolysis on blood agar, H2S (-) and coagulase (-). 

Salmonella sp. Gram staining (Gram), motile,   non-sporing, catalase(+),oxidase(-),MR(+), VP(-),Oxidase 

 (-), indole(-), citrate(+), urease(-)and TSI (yellow butt,red slant, H2S−, gas+) 

Micrococcus sp. Gram (+) Cocci, non-motile, halotolerant, catalase (+), oxidase (-), coagulase (+), nitrate 

reduction (+) 

Table 1. Information on the identification of bacterial tests  
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tified. These isolates were tested first for their suscepti-

bility to antibiotics and then their ability to transfer re-

sistance. 

Out of the 76 bacterial isolates recovered from the dif-

ferent types of leafy vegetables and soils, 52 isolates 

originated from vegetables, while 24 were from soils. 

The bacteria isolated in vegetables were similar to 

those from soil enriched with poultry manure. 

The identified isolates from the vegetable sample by 

decreasing order of prevalence were Escherichia coli 

(14.5%), followed by Staphylococcus aureus, and 

Klebsiella spp. (10.5%), Proteus mirabilis (9.2%), En-

terococcus spp. (7.9%), Corynebacterium diphtheria 

(5.3%), Salmonella spp. (2.6%) Streptococcus py-

ogenes, and Alcaligens spp. (1.3%). The prevalence of 

isolates from soil samples indicates that Bacillus spp. 

was the most frequent organism encountered (7.9%), 

followed by Staphylococcus aureus and Enterococcus 

spp. (5.3%) then Corynebacterium diphtheria, Alcali-

gene spp. and Micrococcus (2.6%).  Escherichia coli, 

Klebsiella, Arthrobacter, and Salmonella (1.3%) were 

the least isolated (Fig. 1). Arthrobacter spp.  and Micro-

coccus spp. were not from vegetables sampled, while 

Proteus mirabilis and Streptococcus pyogenes were 

not from the soil. 

 

Antimicrobial resistance of bacterial isolates 

The analysis of resistance profiles of the isolates under 

study revealed very high levels of resistance in Gram-

negative isolates from the soil to all tested antibiotics. 

Most of the Gram-negative isolates from the soil were 

100% resistant to the antibiotics tested.  Even though 

the levels of antimicrobial resistance amongst the Gram

-negative isolates from vegetable samples were high, 

they were comparatively lower than their counterparts 

from the soil. For instance, 100% resistance was ob-

served in Gram-negative isolates from the soil to ciprof-

loxacin, gentamycin, and ofloxacin, while lower levels of 

resistance to these antibiotics were observed in isolates 

from vegetable source (Fig. 2). The resistance profile of 

Gram -positive isolates from both vegetables and soil 

showed ≥ 50% resistance in tetracycline.  Also, high 

levels of resistance between 50% to 100% was detect-

ed in Bacillus spp. and Enterococcus spp. to erythromy-

cin, tetracycline, and chloramphenicol (Fig. 3). 

Over 70% of the isolates were MDR. However, those 

selected to serve as donor cells in this study were re-

sistant to ≥ 6 antibiotics. The eligible donors were ob-

tained more from vegetables than soils. Results are 

presented in Tables 1 and 2. Information on the re-

sistance profile of the MDR Gram positive isolates se-

lected revealed that 6 of the 21 isolates were pan-drug 

resistant (resistant to all tested antibiotics) and all se-

lected isolates were resistant to tetracycline. The re-

sistance profile of selected donor MDR Gram-negative 

isolates indicated that the resistance biogram contained 

at least 2 cephalosporins and a fluoroquinolone. 

The resistance profile of the standard recipient strain 

comprising of E. coli, P. aeruginosa, Bacillus, S. aureus 

is presented in the Table 3. They were all sensitive to 

the antibiotics. The resistance profile of Gram-positive 

donor isolates and the transconjugants obtained after 

the transfer experiment are presented in Table 4. Bacil-

lus and S. aureus served as recipient strains. Result 

Fig. 1. Percentage prevalence rate of bacterial isolates in vegetables and soil enhanced with poultry manure 
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revealed that S. aureus had the highest number of re-

sistant transfers.  The rate of transfer of the antibiotics 

was particularly high for tetracycline (57.1%), chloram-

phenicol (61.9%) and erythromycin (42.9%). Out of five 

Bacillus spp. selected as donor isolates, three trans-

ferred tetracycline chloramphenicol and erythromycin. 

There was also a high transfer rate of gentamycin, 

chloramphenicol, and tetracycline in Enterococcus spp. 

In a total of 17 (80.9%) cases, between 4 to 8 antibiot-

ics were transferred in this study (Table 4).  

The resistance Profile of both Gram-negative donor 

Isolates and their transconjugants are shown in Table 

5.  E. coli and P. aeruginosa served as recipients. The 

selected donor isolates included four Klebsiella pneu-

moniae, two E. coli and one Salmonella typhi. One of 

the Klebsiella pneumoniae transferred all 8 antibiotics, 

while no transfer was observed in the Salmonella typhi 

selected (Table 5)  

Fig. 2. Antibiotics resistance profile of Gram-negative isolates from vegetables and soil enhanced with poultry manure 

Fig. 3. Antibiotics resistance profile of Gram-positive isolates from vegetables and soil enhanced with poultry manure 
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Code 

 of isolates 

Bacteria 

 strains 

Resistance 

biogram 

Resistant 

marker 

BA1V Bacillus spp. ERY, GEN, AUG, CHL, STR, TET, CIT, CXC 8 

CD2V Corynebacterium diphtheriae ERY, GEN, AUG, CHL, STR, TET, COT, CXC 8 

SA3V S. aureus AUG, STR, TET, CHL, COT, CXC 6 

EN4V Enterococci spp. ERY, AUG, STR, TET, CHL, COT, CXC 7 

SP5V S. pyogenes ERY, AUG, STR, TET, CHL, COT, CXC 7 

BA6V Bacillus spp. ERY, AUG, GEN, TET, CHL, COT, CXC 7 

CD7V Corynebacterium diphtheriae ERY, GEN, AUG, STR, TET, COT, CXC 8 

EN
8
V Enterococci spp. ERY, GEN, STR, CHL, COT, CXC 6 

SA9V Staphylococcus aureus ERY, AUG, GEN, STR, TET, CHL, COT, CXC 8 

EN10V Enterococci spp. AUG, STR, TET, CHL, COT, CXC 6 

BA11S Bacillus spp. ERY, AUG, STR, TET, COT, CXC 6 

BA12S Bacillus spp. ERY, AUG, STR, TET, COT, CXC 6 

EN13S Enterococc spp. ERY, AUG, STR, CHL, COT, CXC 6 

CD14V Corynebacterium diphtheriae ERY, GEN, AUG, TET, CHL, COT, CXC 7 

SA15V Staphylococcus aureus ERY, AUG, STR, TET, CHL, COT, CXC 7 

EN16V Enterococci spp. ERY, GEN, STR, TET, CHL, COT, CXC 7 

EN17S Enterococci spp. ERY, GEN, AUG, STR, TET, CHL, COT, CXC 8 

EN18S Enterococci spp. ERY, GEN, AUG, STR, TET, CHL, COT, CXC 8 

EN19S Enterococci spp. ERY, AUG, TET, CHL, COT, CXC 6 

BA20S Bacillus spp. ERY, AUG, STR, TET, COT, CXC 6 

SA21S Staphylococcus aureus ERY, STR, TET, CHL, COT, CXC 6 

Table 1. Resistance patterns of highly multidrug-resistant Gram-positive bacteria (≥ 6 resistances) isolated from vegeta-

bles and soil enriched with manure 

Code 

0f isolates 

Bacteria 

 strains 

Resistance 

biogram 

Resistance 

 marker 

KP22V Klebsiella pneumoniae CRX, GEN, CPR, CAZ 8 

EC23V E. coli 
CRX, GEN, OFL, AUG, NIT 

COR, CAZ 
7 

KP24V Klebsiella pneumoniae 
CRX, GEN, CXM, AUG, NIT, 

CAZ 
6 

EC25V E. coli 
CRX, GEN, CXM, OFL, AUG, 

NIT, CAZ 
7 

KP26S 
Klebsiella 

  

CRX, CXM, OFL, AUG, CPR, 

CAZ 
6 

SM27S Salmonella typhi 
CRX, GEN, CXM, AUG, NIT, 

CPR, CAZ 
7 

KP28V Klebsiella pneumoniae 
CRX, CXM, OFL, AUG, CPR, 

CAZ 
6 

Key: STR= Streptomycin; CXM= Cefixime; CHL= Chloramphenicol ; CAZ= Ceftazidime; TET= Tetracycline ; CXC= Cloxacillin; AUG= 

Augmentin; NIT= Nitrofurantoin; GEN= Gentamycin; OFL= Ofloxacin; CPR= Ciprofloxacin; COT= Co-trimoxazole; CRX= Cefuroxime 

Table 2. Resistance patterns of highly multidrug-resistant Gram-negative bacteria (≥ 6 resistances) isolated from vegeta-

bles and soil enriched with manure. 
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Gram negative CAZ CRX CXM OFL AUG GEN NIT CPR 

E. coli ATTC No:25922 S S S S S S S S 

Pseudomonas 

aeruginosa ATTC No: 27853 
S S S S S S S S 

Gram positive ERY GEN AUG STR TET CHL COT CXC 

Bacillus ATTC No: 14884 S S S S S S S S 

S. aureus ATTC No: 6538 S S S S S S S S 

Table 3. Antibiogram of recipient strains  

Code of 

isolates 
    Isolates 

Resistant profile 

of the donor 

Resistant profile of trans-

conjugants 

No of 

transfer 

resistance 

BA1V Bacillus spp. 
ERY, GEN, AUG, CHL, STR, 

TET, COT, CXC 
GEN, AUG, STR, CXC 4 

CD2V 
Corynebacterium 

Diphtheriae 

ERY, GEN, AUG, CHL, STR, 

TET, COT, CXC 
CXC 1 

SA3V S. aureus 
AUG, STR, TET, CHL, COT, 

CXC 

ERY, GEN, AUG, STR, 

 TET, CXC 
6 

EN4V Enterococci spp. 
ERY, AUG, STR, TET, CHL, 

COT, CXC 

GEN, AUG, CHL, COT, 

CXC 
5 

SP5V S.pyrogenese 
ERY,AUG, STR, TET, CHL, 

COT, CXC 

ERY, GEN, STR, CHL, 

 COT, CXC 
6 

BA6V Bacillus spp. 
ERY, AUG, GEN, TET, CHL, 

COT, CXC 

GEN, AUG, CHL, COT 

CXC 
5 

CD7V 
Corynebacterium 

Diphtheriae 

ERY, GEN, AUG, STR, TET, 

CHL, COT, CXC 

ERY, GEN, AUG, STR, 

 CXC 
5 

EN8V Enterococci spp. 
ERY, GEN, STR, CHL, COT, 

CXC 
CXC 1 

SA9V S. aureus 
ERY, GEN, STR, TET, CHL, 

COT, CXC 

GEN, STR, TET, CHL 

COT, CXC 
6 

EN10V Enterococci spp. 
AUG, STR, TET, CHL, COT, 

CXC 
GEN, STR, TET, CHL 4 

BA11V Bacillus spp. 
ERY, AUG, STR, TET, COT 

CXC, CHL 

GEN, STR, TET, CHL 

COT, CXC 
6 

BA12V Bacillus spp. 
ERY, AUG, STR, CHL, COT, 

CXC 

GEN, STR, TET, CHL, 

COT, CXC 
6 

EN13S  Enterococcus spp. 
ERY, GEN, AUG, TET, CHL 

COT, CXC 

ERY, GEN, STR, TET, CHL, 

CXC 
6 

CD14V 
Corynebacterium 

Diphtheriae 

ERY, GEN, AUG, TET, CHL, 

COT, CXC 

ERY, GEN, AUG, STR, 

TET, COT, CXC 
7 

SA15V S. aureus 
ERY, GEN, AUG, TET, CHL, 

COT, CXC 

ERY, GEN, AUG, 

TET, CHL, COT, CXC 
7 

EN16V Enterococcus spp. 
ERY, GEN, STR, TET, CHL, 

COT, CXC 
GEN 1 

EN17S  Enterococcus spp. 

ERY, GEN, AUG, STR, TET, 

CHL, COT, CXC 

  

ERY, GEN, STR, TET 

CHL, COT, AUG 
7 

EN18S  Enterococcus spp. 

ERY, GEN, AUG, STR, TET, CHL 

COT, CXC 

  

GEN, AUG, STR, TET 

CHL, COT 
6 

EN19S  Enterococcus spp. 
ERY, AUG, STR, TET, CHL 

COT, CXC 
ERY, AUG, STR 3 

BA20V Bacillus spp. 
ERY, AUG, STR, TET, COT, 

CXC 

ERY, AUG, STR, 

TET, CHL, COT 
6 

SA21S S. aureus ERY, STR, TET, COT, CXC 
GEN, AUG, STR, TET, 

CHL, COT 
6 

Table 4. Transfer of resistance in Gram positive isolates 
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DISCUSSION 

Poultry manure is a rich mixture of nutrients containing 

excreted substances like pathogens, heavy metals, and 

antibiotics. It is also used in vegetable farming.  Some 

studies have shown that animal manure application 

promotes the diversity and abundance of antimicrobial-

resistant bacteria in the soil (Bamidele et al., 2022; Van 

et al., 2021; Geta et al., 2021). The bacteria observed 

in this study (Fig. 1) not only colonised the soil but also 

had the ability to colonize the vegetables planted. Thus, 

soil amended with poultry manure may serve as a res-

ervoir for resistance genes, with food safety issues with 

potential risk to human health (Zhang et al., 2017; Fang 

et al., 2015; Campos et al., 2013). The most prevalent 

Gram-negative isolates were E. coli and K. pneumoni-

ae, while Bacillus spp., S. aureus. and Enterococcus 

spp. were the most common Gram-positive isolate. 

These organisms are among the potential human path-

ogens isolated from chicken manure in many studies in 

Nigeria (Zurfluh et al., 2015; Omojowo and Omojasola, 

2013). The perturbing aspect of the organisms isolated 

in this study was the presence of Bacillus spp. and En-

terococcus spp., two important foodborne pathogens 

known for their role in contaminating and colonizing 

fruits and vegetables (Chajęcka-Wierzchowska et al., 

2021; Ngbede et al., 2017). Enterococci can survive 

high temperatures and grow at high NaCl concentra-

tions and in a wide pH range. They can form residual 

organisms on vegetables and ready-to-eat foods. In like 

manner, B. subtilis can tolerate extreme environmental 

conditions, as it is a spore former. Several studies have 

reported Bacillus spp. in vegetables (Koilybayeva et al., 

2023; Hammerum, 2012; Fiedler et al., 2019). Bacillus 

spp. is also associated with hospital infections and is 

reportedly resistant to tetracycline and erythromycin 

(Park et al., 2018; Zhai et al., 2023). Generally, in this 

study, all Gram-positive isolates obtained from the soil 

and vegetables exhibited high rates of resistance, es-

pecially to chloramphenicol and tetracycline (≥50%) 

(Table 1). All B. subtills obtained from vegetables in this 

study were resistant to erythromycin and 50% resistant 

to tetracycline. Enterococcus spp. obtained from the 

soil were 100%, 75% and 50% resistant to gentamycin, 

tetracycline, and chloramphenicol, respectively. A high 

resistance of 75% to erythromycin was observed in 

Enterococcus spp. Similarly, high resistance levels of 

between 50% to 66% were also observed in Enterococ-

cus spp. obtained from vegetables to these antibiotics. 

The higher prevalence rate observed for tetracycline in 

the soil could be because it is one of the antibiotics that 

have the propensity to absorb soil particles, thus mak-

ing it recalcitrant to biodegradation. They can thus bio-

accumulate even in trace concentration in arable soil 

enriched with manure, modifying the soil environmental 

niche and prolonging the persistence of resistance 

genes (Xu and Zhang, 2023 ).  A prevalence rate 

of 97.6% has been reported for tetracycline in broiler 

farms in Madagascar (Aliyu et al., 2022). Tetracycline 

and chloramphenicol are two widely used antibiotics in 

the poultry industry for prophylactics, growth promotion 

and therapeutic purposes primarily due to their broad-

spectrum activities and their relative cheapness com-

pared to other classes of antibiotics (Gay et al., 2016; 

Ljubojević et al., 2017). Another concern with these 

antibiotics is their poor absorption in the guts of the 

Code of 

isolates 
Isolates 

Resistant profile 

Of the donor 

Resistant profile of 

transconjugants 

Number of 

transfer 

resistance 

KP22V 
Klebsiella 

 Pneumoniae 

CRY, GEN, CXM, OFL, AUG, 

 NIT, CPR, CAZ 

CAZ, CRX, GEN, CFR, 

CXM, OFL, AUG, NIT 

  

8 

EC23V E. coli 
CRX, GEN, OFL, AUG, NIT, 

CPR, CAZ 

CRX, GEN, AUG, NIT, 

CPR 

  

5 

KP24V 
Klebsiella 

 Pneumoniae 

CRX, GEN, CXM, AUG, NIT, 

CAZ 
GEN 1 

EC25V E. coli 
CRX, GEN, CXM, OFL, AUG, 

NIT, CAZ 

CRZ, GEN, CXM, AUG, 

CPR 
5 

KP26S 
Klebsiella 

 Pneumoniae 

CRX, CXM, OFL, AUG, CPR, 

CAZ 

CAZ, GEN, OFL, AUG, 

CPR 
5 

SM27S Salmonella typhi 
CRX, GEN, CXM, AUG, NIT 

CPR, CAZ 
- 0 

KP28V 
Klebsiella 

 Pneumoniae 

CRX, CXM, OFL, AUG, CPR, 

CAZ 
CRX, GEN, CXM, AUG 4 

Table 5. Transfer of resistance in Gram-negative isolates 
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birds, as well as their contamination of poultry meat 

and droppings by unabsorbed and unmetabolized 

drugs. For instance, Gonzalez et al. (2017) reported a 

relatively higher quantity of these antibiotics in chicken 

farces, but more concerning is the finding of antibiotic 

resistance genes in the intestinal contents by these 

studies. The high prevalence rate observed for both 

tetracycline and chloramphenicol in this study could be 

attributed to the indiscriminate use of cheap antibiotics 

in Nigeria (Amri and Juma, 2016; Mahmoud and Abdel-

Mohsein, 2019; Egbule, 2016; Egbule et al., 2020; Eg-

bule, 2022). 

Enterococcus spp. is an important aetiologic agent of 

poultry production (Omojowo and Omojasola, 2013) 

and hospital-associated infections (Iweriebor et al., 

2022). Clinical Enterococcus spp. with high-level re-

sistance to gentamicin, tetracycline and erythromycin 

has been reported (Khan et al., 2015). This under-

scores poor outcomes when these antibiotics are used 

for therapeutic clinical purpose. Omojowo and Omo-

jasola (2013) also reported that the highest frequencies 

of resistance in Enterococcus were to erythromycin and 

tetracycline among isolates from poultry sources. Some 

authors in Nigeria have observed that in addition to 

tetracycline, macrolides are also an abused group in 

animal production in Nigeria (Anderson et al., 2016; 

Adeyemi et al., 2019; Adesokan et al., 2015; Olonitola 

et al., 2015). However, contrary to the high rate of chlo-

ramphenicol resistance observed in Enterococcus spp. 

in this study, Johnston et al. (2004) reported 3% chlo-

ramphenicol resistance in E. faecalis. Abriouel et al. 

(2016) found low resistance in chloramphenicol of 

about 12% in E. faecalis isolated from vegetables and 

fruits in Spain. The low rates of chloramphenicol re-

sistance in Enterococcus spp. reported in these Euro-

pean countries is due to the ban on the use of chloram-

phenicol in food animals from 1994.  

Gram-negative isolates include K. pneumonia, E. coli, 

and Salmonella spp. obtained from the soil were be-

tween 75% to 100% resistant to the cephalosporins 

and augmentin. Similarly, these isolates obtained from 

vegetables exhibited high resistance levels to cephalo-

sporin and augmentin, though slightly lower (Fig. 2). 

 The abysmal level of resistance observed in vegeta-

bles to these clinically important bacteria is akin to in-

trinsic resistance, though not in this study. However, 

the most plausible explanation is that these vegetables 

were collected directly from farms. Abriouel et al. 

(2008) reported that harbouring resistant bacteria is at 

the expense of viability. These freshly harvested vege-

tables are more viable than those purchased by con-

sumers at the open market or supermarket; some time 

passes until the vegetables arrive at sales points. 

Some processing steps, such as removal of leaves or 

roots, cooling, and washing, were bypassed in this 

study, which might be additional stress factors for the 

colonizers. Samtiya et al. (2022) reported that re-

sistance rates of bacteria isolated from farm produce 

were higher than those of the retail market and showed 

that carrying out the processing steps in the vegetables 

and viability was the reason for the low resistance ob-

served in their vegetables from the retail market.  

 The multidrug resistance bacteria on the vegetables 

may have resulted from the contaminated soil.  Zhu et 

al. (2010) and Guron et al. (2017) reported that antibi-

otic-resistant bacteria present in soil and manure have 

the capacity to colonize the roots of plants in the soil 

and the plant rhizosphere or colonize the leaves, possi-

bly from particulates in the air or the root rhizosphere 

(Chen et al., 2019) to agricultural produce making it an 

ideal route for human acquisition of antibiotic-resistant 

genes through the food chain (Wang et al., 2019).  

Transmission through poor hygienic handling practices 

by marketers is also an important route. The multi-drug-

resistant bacteria in vegetables may be a threat to pub-

lic health because they may transmit these pathogens 

to humans and to the environments that surround them 

(Wang et al., 2022). However, further systematic stud-

ies are needed to source track contamination routes of 

antibiotic-resistant bacteria and antibiotic-resistant 

genes in poultry production and to determine if their 

role transcends colonization. The composition of re-

sistant bacteria in the MDR profile of the Gram-positive 

isolates showed the genotypic presence of chloram-

phenicol, tetracycline and erythromycin, as revealed by 

the curing experiment, as all donor isolates transferred 

chloramphenicol, tetracycline, and erythromycin-

resistant gene to the recipient strains at varying rates 

(Table 4). This ease of transfer could be attributed to 

the resistance being carried on plasmid (Egbule, 2016).  

As observed in MDR transfer of Gram-positive isolates, 

the transfer of resistance was equally high in Gram-

negative isolates. Of important note was the high prev-

alence of MDR Gram-negative isolates resistant 

to cephalosporin and augumentin. This underscores 

the production of β-lactamases, which has serious 

health consequences. The production of β-lactamases 

such as Extended Spectrum Beta Lactamases are as-

sociated with severe outcomes in humans, limiting the 

range of treatment options (Husna et al., 2023). 

There are numerous studies on manure usage and its 

implications in cultivating vegetables. One of the major 

reported implications is the rapid spread of antimicrobi-

al resistance via vegetables (Büdel et al., 2020) as a 

result of the horizontal transfer of resistance genes in 

the environment, thus escalating the levels of antimi-

crobial resistance in the community, subsequently cre-

ating the emergence of MDR bacteria (Samtiya et al., 

2022; Moroni et al., 2020 ; Levinreisman et al., 2017). 

Following the criteria (≥6 resistant antibiotics) for se-

lecting MDR donor isolates in this study, it was ob-

served that more eligible donor isolates were obtained 
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from vegetables. Therefore, there is a remarkably high 

potential for resistance transfer from soil isolates to 

vegetables. This study confirmed the ease of transfer in 

the conjugation experiment conducted using Bacillus 

spp., S. aureus, P. aeruginosa and E. coli, a bacterium 

commensal to the human gastrointestinal tract as the 

recipient.  All the isolates served as donors harboured 

plasmids and transferred between 1 to 8 antibiotics 

resistances to the recipient strain in about 99% of the 

cases. This may indicate that the resistance gene was 

carried on conjugative plasmid or other mobile genetic 

elements (MGE) such as transposons and integrons. 

Conclusion 

The present study revealed high-risk contamination of 

vegetables from farms in Delta State, Nigeria, high lev-

els of resistant bacteria, multidrug resistance, and plas-

mids. The conjugation experiment indicated a high rate 

of antibiotic transfer to recipient bacteria, which may 

seriously threaten food safety and public health. 
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