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Abstract  Pseudomonas aeruginosa is an opportunistic pathogen commonly found in soil water and animals.       

These pathogenic bacteria cause severe nosocomial infections in the blood, lungs (pneumonia), or other parts of the 

immunocompromised people and chronic infections in cystic fibrosis patients. The aim of this study was, phenotypic 

characterization and molecular identification of virulence determinants in beta lactamase producing Pseudomonas aeruginosa 

isolated in leafy vegetables sold in Gondar retail markets and clinical sources from Gondar University Hospital. The study 

further aimed to identify the plasmid profile, among the bacterial population. All the isolates (n=25) were screened for 

biofilm formation and the result confirmed that 88% (n = 22) were biofilm producers. The antibiotics susceptibility 

indicated that 99.3% of the isolates were resistant. One-way ANOVA statistical test (P = 0.097 > 0.05) confirmed that there 

were no significant differences in antibiotic resistance between vegetables and clinical isolates. Phylogenetic tree showed 

similar ancestorial relationship between the vegetable and the clinical isolates. Among beta-lactamase-producing antibiotic 

resistant isolates (n = 25), about 88% (n = 22) were biofilm producers. Pigment production was observed in 96% (n = 24) 

isolates. Twelve representative isolates were screened for detection of virulence factors. Among them, 75% (n = 9) isolates 

were found to be LasB positive, while 100% (n = 12) were ExosA producers, 75% (n = 9) were PlcH producers and 100% (n 

= 12) were ToxA producers. Furthermore, all the virulence screened isolates coproduced more than two type of virulence 

factors. Out of the total seven screened for plasmid profile six of them were determined positive. 
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1. Introduction 

Pseudomonas aeruginosa is an encapsulated, 

Gram-negative, rod-shaped opportunistic pathogen     

which causes nosocomial infections, particularly in 

immunocompromised patients [27,49,31]. The treatment of 

infections caused by P. aeruginosa is usually complicated 

since the organism is intrinsically immune to many classes of 

antibiotics and may acquire resistance to all or any effective 

antibiotics [40,50,70]. Pseudomonas aeruginosa can survive 

in several environmental conditions by utilizing their diverse 

metabolic and virulence patterns [43,45,46]. Virulence genes 

have a special level of intrinsic expression, which results in a 

variable level of pathogenicity in infected individuals [58]. 
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Mainly, these infections arise due to the development     

of antibiotic resistance patterns, biofilm formation, and 

virulence factors production [5]. Biofilm, a source of  

chronic and protracted infection, presents strong resistance 

to the system and antibiotics [45,54]. Biofilms are sessile 

populations of microorganisms which are enclosed by the 

self-secreted extracellular polysaccharide matrix, or    

slime, which acts as efficient barriers against antibiotics 

[15,39,57]. Growth of Pseudomonas aeruginosa in varying 

environments can enhance pigment production. Moreover, 

fluctuation in environmental conditions can increase elastase 

expression in these pathogens [16,25,67]. P. aeruginosa  

can produce two sorts of phospholipase of which the 

hemolytic type (PlcH) hydrolyzes sphingomyelin alongside 

phosphatidylcholine [14,19,27]. Virulence factor ToxA  

was reported from patients having lung infection, while 

ExoS is more prevalent in CF patients [9,48]. The expression 

virulence factors of P. aeruginosa at the cellular and 

extracellular level is regulated through cell signaling 
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pathways [31,33,52]. The strong correlation between 

virulence genes and source of infection can help control 

these infections within the community [20,22,41]. The 

primary effective mechanism that regulates their expression 

was quorum sensing, and thus targeting these key regulators 

will improve therapeutic success within the future [37,76]. 

The current study documented the extent of pigment 

production, biofilm formation, and presence of virulence 

factors in antibiotic resistance P. aeruginosa isolates of 

vegetable and clinical sources from Gondar Ethiopia. Based 

on our investigation of previous articles, this study is the first 

report to reveal the molecular identification of P. aeruginosa 

virulence factors in Ethiopia. 

2. Materials and Methods 

2.1. Sample Collection 

During the summer of 2015 and 2016, a total of 110 retail 

vegetable samples including 30 cauliflower, 30 spinach, 28 

lettuces, 28 cabbage were collected from four different retail 

markets in Gondar Ethiopia. The vegetable samples were 

placed in a cold box at a temperature approximately 4°C, 

tightly sealed with sterile plastic wrap, and transported to 

Gondar University Microbiology laboratory and subjected  

to microbiological analysis within 24 hrs. Forty clinical 

samples were collected from patients who were admitted to a 

hospital of Gondar University of Medical Science college. 

The clinical strains were isolated from different specimens 

and no duplicate isolates from the same patient were 

included in this study.  

In each city, seven samples were randomly collected from 

two retail markets and two farmers' markets. The samples 

were placed in separate sterile plastic bags and then 

immediately transported to the laboratory in a cooler with ice 

packs (below 4°C) and processed within 4–6 hrs. 

From each vegetable sample 25 g was enriched in 225 mL 

nutrient broth (Huankai Ltd., Guangzhou, China) for 18-24 

hrs. at 37°C on plate count agar. then for P. aeruginosa 

confirmation the enrichment was streaked onto MacConkey 

agar (Huankai Ltd., Guangzhou, India), followed by 

incubation at 37°C for 18-24hrs. From MacConkey agar, 

three pink, mucoid colonies were picked up and cultured 

onto nutrient agar at 37°C for 24 h, followed by biochemical 

identification using API 20 E (BioMe′rieux, Marcy I′Etoile, 

France). Finally, 25 P. aeruginosa isolates were recovered 

from all the samples. Among these isolates, 15 were from 

leafy vegetables, 10 were in clinical source from Gondar 

University Hospital. Confirmed P. aeruginosa cultures were 

preserved in Luria-Bertani broth containing 20% glycerol 

and stored at −80°C for further study. 

2.2. Antimicrobial Susceptibility  

Antimicrobial susceptibility was determined according  

to the Clinical and Laboratory Standards Institute (CLSI) 

guideline [9,20], using the Kirby Bauer disk diffusion assay 

on Mueller-Hinton agar. The susceptibility profiles were 

determined for twenty five antibiotics classified into 11 

different groups [54] amoxycillin (AMC, 30μg), ampicillin 

(AMP, 10 μg), cefepime (FEP, 10μg), Cefoxitin (FOX, 30 

μg), Cefazolin (CFZ) (30 μg), ceftazidime (CAZ, 30 μg), 

amikacin (AK, 30 μg), gentamicin (CN, 10 μg), kanamycin 

(K, 30 μg), Cefaclor (CEC) (25μg), Cefotaxime (CTX) 

(30μg), clindamycin (DA, 2 μg), Doripenem (DOR) (30 μg), 

Imipenem (IPM) (30 μg), ciprofloxacin (CIP, 5 μg), 

Norfloxacin (NOR, 10 μg), Meropenem (MEM) (30μg), 

Linezolid (LZD, 30 μg), rifampicin (RD, 5 μg), 

Trimethoprim/sulphamethoxazole (SXT, 25 μg), 

Quinupristin/dalfopristin (QD, 15 μg), Ceftazidime (CAZ 

30μg), Ertapenem(ETP) (30μg), Nalidixic acid (NAL) (30 

μg) and Colistin (CST) (30 μg), (Mast Diagnostics, Mast 

Group Ltd, Merseyside, UK). Pseudomonas aeruginosa 

ATCC 27835/27853 was used as quality control in each 

antimicrobial susceptibility assay. The results were 

interpreted as susceptible, resistance and intermediate 

according to the criteria recommended by the CLSI and   

the manufacture’s protocols (Mast Companies, UK). 

Pseudomonas aeruginosa ATCC 27853 were used as a 

quality control. 

2.3. Plasmid Profile and 16s rRNA Sequencing of 

Bacteria Isolates 

Plasmid extraction of Pseudomonas aeruginosa was 

performed using the alkaline lyses method by the Omega  

kit [7,30,62]. The plasmid extraction process begins with 

labelling Eppendorf tubes according to number of isolates 

and filled with 1ml of sterile water. The Pseudomonas 

aeruginosa culture was mix by vertexing. 1.5ml ml of the 

broth containing the bacterial solution was aliquoted into the 

labelled tubes and centrifuged at 13,000rpm for 2mins [13]. 

The supernatant of the centrifuged solution was removed by 

decanting gently leaving a little of the bacterial solution in 

the broth. The decanted solution was then vortexed at high 

speed until pellet is completely suspended in the broth 

containing the bacterial solution. out of the suspended pallet 

solution 300µl of TENS solution and mix by inverting tubes 

until the solution becomes slimy [12,38]. On top of this 

slimed solution 150µl of sodium acetate solution was added 

and vortexed for about 10mins and thereafter centrifuged at 

13,000rpm for 5minutes. The supernatant of this solution 

was transferred into another 1.5ml Eppendorf tube and  

900µl of ice-cold absolute ethanol was added, vortexed and 

centrifuged at 13,000rpm for 10minutes. White pellet is 

observed after supernatant is removed. Then ,1000µl of ice 

cold 70% ethanol was added and centrifuge at 13,000rpm for 

5minutes (no vertexing at this stage). The supernatant was 

removed, and pellets allowed to dry then add 40µl of TE 

buffer and the plasmid is collected. The plasmid profile of 

the Pseudomonas aeruginosa were analyzed using agarose 

gel electrophoresis [4,51]. The size of the plasmids and 

molecular weight were visualized using UV transilluminator 

[11]. 
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2.4. Primers and PCR Confirmation of Pseudomonas 

aeruginosa  

All confirmed P. aeruginosa isolates were grown 

overnight in lactose broth at 37°C. Genomic DNA was 

extracted using a commercial Universal DNA Extraction  

Kit (Sangon Biotech, Shanghai, China) according to the 

manufacturer's instructions. Confirmation of P. aeruginosa 

isolates were performed by PCR as previously described [75]. 

The primer sequences and amplicon size are shown in  

(Table 2).  

Table 1.  Reaction set up for all resistance genes and virulence factors 

Reagents and quantity 25 µL Reaction 

EconoTaq PLUS GREEN 2X Master Mix 12.5 µL 

Forward Primer (100 µM) 0.25 µL 

Reverse Primer (100 µM) 0.25 µL 

DNA template (10 ng/µL) 1.0 µL 

Water, Nuclease-free 11.0 µL 

The ExoS, PlcH, ToXA and LasB genes were amplified by 

colony PCR using a specific set of primers (Table 2). The 

amplifications of these virulence genes were performed in a 

total of 25 μL reaction mixture containing 0.5 µL each 

primer, 12.5 μL EconoTaq PLUS GREEN 2X Master Mix, 

1.0 μL of each primer (CinnaGen, Iran). 11μL Ultra-pure 

water was then added to make up a final volume to 25 µL 

(Table 1). The amplification was performed as follows: 

initial denaturation step at 94°C for two minutes (one cycle), 

followed by 30 cycles consisting of denaturation at 94°C for 

two minutes, annealing at 68°C for one minute, extension at 

72°C for one minute and final extension at 72°C for seven 

minutes. 

2.5. Biofilm Formation Assay  

The biofilm production of P. aeruginosa isolates was 

analyzed for their ability to produce biofilm using 96 well 

tissue culture plate biofilm formation assay [21]. In this 

method, the P. aeruginosa isolated were cultured 18-24hrs. 

at 37°C in tryptic soy broth (TSB) containing 0.25% glucose. 

The cultures were diluted 1:100 in TSB medium. Sterile 

flat-bottomed 96-well tissue culture plates were inoculated 

with 125 µL of the bacterial suspension and incubated for 24 

hours at 37°C without agitation. The 96 well tissue culture 

plate were cleaned three times with 300 µL distilled water, 

dried in an inverted position at room temperature and finally 

smeared with 125 µL of 0.1% crystal violet solution in water 

for about 15 minutes. After smearing, the wells were cleaned 

three times with distilled water. The wells were distained 

with 125 μL of 30% acetic acid in water. A new sterile 

flat-bottomed 96-well tissue culture plate was inoculated 

with 125 µL distaining solution in each well. The absorbance 

of the distaining solution was measured at 570 nm using 

spectrophotometer [53,60]. Each test was performed in 

triplicate. As control, uninoculated medium was used. Based 

on the spectrophotometer measurement of optical density of 

the samples (ODi) and on the average of the optical density 

of the negative control (ODc), the samples were analyzed as 

strong biofilm former (4xODc < ODi), moderate biofilm 

former (2xODc < ODi ≤ 4xODc), weak biofilm former (ODc 

< ODi ≤ 2xODc), or non-biofilm former (ODi < ODc) [61]. 

2.6. Statistical Analyses 

To assess differences in Aerobic mesophilic bacterial 

count among the vegetable samples the serial dilutions 

(log10 of cfu/gm) and the standard plat count formula 

(number of colonies times dilution factor divided by volume) 

were performed [72]. Differences in overall clinically 

significant bacterial distribution among the vegetable types 

(cauliflower, lettuce, spinach and cabbage) were analyzed 

using average and percentage. Positive correlations in 

antibiotic sensitivity test between the bacterial isolates of 

the vegetable samples and clinical sources were assessed 

using a per mutational multivariate ANOVA test 

(PERMANOVA). ANOVA tests were also used to test   

for the resistance genes among the bacterial isolates. 

Significant differences in bacterial population were 

observed across vegetable types using the nonparametric 

Kruskal-Wallis test and between environmental samples 

and clinical sources using a t-test. 

 

Table 2.  Primer sequence and PCR conditions used for detection of virulence genes in Pseudomonas aeruginosa isolates of various types of samples [73] 

Primers 

used 
Target 

gene 
Sequence of primers Annealing 

temperature (°C) 
Fragment size 

(bp) 5′ → 3′ 
ToxA-F 

ToxA GGTAACCAGCTCAGCCACAT 
58 352 

ToxA-R TGATGTCCAGGTCATGCTTC 
ExoS-F 

ExoS CTTGAAGGGACTCGACAAGG 
55 504 

ExoS-R TTCAGGTCCGCGTAGTGAAT 
LasB-F 

LasB GGAATGAACGAAGCGTTCTC 
56 300 

LasB-R GGTCCAGTAGTAGCGGTTGG 
PlcH-F 

PlcH GAAGCCATGGGCTACTTCAA 
56 307 

PlcH-R AGAGTGACGAGGAGCGGTAG 
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3. Results 

3.1. Aerobic Mesophilic Count of Vegetable Samples 

The analysis of aerobic mesophilic count for the 

vegetable samples in cfu/gm are provided in table 3 below. 

The total population count result indicated that all vegetable 

samples contain large bacteria load. In general, among    

the leafy vegetables that we analyzed the samples with   

the highest aerobic mesophilic counts were cauliflowers 

(4.9cfu/ml), spinach (4.5cfu/ml), and lettuce (4.7cfu/ml), 

while cabbage (4.0cfu/ml) was the lowest (table 3). 

3.2. Plasmid Profile and Evolutionary Relationship of 

16srRNA Sequenced Isolates 

Plasmid profile was carried out on the 7of the 25 multiple 

antibiotic resistance Pseudomonas aeruginosa isolates.  

All the isolates 7(100%) were found to possess at least one 

plasmid bands. Plasmids were detected from three of the 

clinical isolates (1-3), the other four of the plasmids 

detected from vegetable isolates (5-7) as depicted in figure 

1 below. 

Vegetable isolate Clones (E24) Pseudomonas aeruginosa 

isolate clone appear to represent a phylogenetically 

coherent with the gene bank strain (figure 2). Sequences of 

clones E24(MN871898) and NR-026078.1 from a gene 

bank were 100% similar and shared 100% sequence 

similarity with the sequence E61(MN871946) P. aeruginosa 

isolate from vegetable sample (figure 2). 

Table 3.  Aerobic mesophilic count of vegetable samples  

Mean ± SD Range >105 104-105 103-104 102-103 <102 No. of samples Food items 

4.9±1.9 6.5-5.5 34.4 40.2 31.3 9.4 5.6 30 Cauliflower 

4.7±1.2 2.8-6.5 34.4 31.1 31.2 9.3 4.3 28 Lettuce 

4.5±1.3 2.7-6.4 24.5 28.1 25.1 3.4 2.1 30 Spinach 

4.0±1.3 1.9-6.0 30.1 20.1 15.6 3.1 2.1 28 Cabbage 

NB* N number of samples mean average count, SD standard deviation  

Table 4.  Antibiotic Susceptibility patterns of P. aeruginosa isolates from vegetables and clinical samples 

   
Analysis of clinical isolates  Analysis of vegetable isolates 

Class of antibiotics Types of antibiotics Sensitive Intermediate Resistance sensitive Intermediate Resistant 
β-Lactams Amoxycillin (AMC) 3(12) 1(4) 21(84) 1(4) 3(12) 21(84) 
β-Lactams Ampicillin (AMP) 3(12) 0 22(88)  2(8) 23(92) 
β-Lactams Cefepime (FEP) 3(12) 0 22(88)  3(12) 22(88) 
β-Lactams Cefoxitin (FOX) 0 1(4) 24(96)  1(4) 24(96) 

Cephalosporin Cefazolin (CFZ) 1(4) 0 24(96) 1(4) 1(4) 23(92) 
β-Lactams Ceftazidime (CAZ) 1(4) 0 24(96)  1(4) 24(96) 

Aminoglycosides Amikacin (AMK) 5((20) 2(8) 18(72)  5(20) 18(72) 
Aminoglycosides Gentamicin (GEN) 2(8) 0 23(92)  2(8) 23(92) 
Aminoglycosides Kanamycin (KAN) 5(20) 2(8) 18(72)  6(24) 19(76) 

β-Lactams Cefaclor (CEC) 1(4) 0 24(96)  1(4) 24(96) 
β-Lactams Cefotaxime (CTX) 2(8) 1(4) 22(88) 1(4) 1(4) 23(92) 

Lincosamides Clindamycin (CLI) 2(8) 1(4) 22(88)  1(4) 24(96) 
Carbapenem Doripenem (DOR) 1(4) 0 24(96)  2(8) 23(92) 
Carbapenem Imipenem (IPM) 2(8) 1(4) 22(88)  1(4) 24(96) 

Fluoroquinolones Ciprofloxacin (CIP) 1(4) 0 24(96)  3(12) 22(88) 
Fluoroquinolones Norfloxacin (NOR) 2(8) 1(4) 22(96) 1(4)  24(96) 

Carbapenem Meropenem (MEM) 1(4) 2(8) 22(88)  2(8) 23(92) 
Oxazolidinones Linezolid (LZD) 4(16) 2(8) 19(76)  1(4) 24(96) 

Ansamycins Rifampicin (RIF) 2(8) 1(4) 22(88)  2(8) 23(92) 
Sulfonamides Trimethoprim (SXT) 3(12) 1(4) 21(84)  1(4) 24(96) 
Quinolones Quinupristin (Q-D) 2(8) 1(4) 22(88)  3(12) 22(88) 

Cephalosporin Ceftazidime (CAZ) 1(4) 0 24(96) 1(4)  24(96) 
Carbapenem Ertapenem (ETP) 2(8) 1(4) 22(88)  2(8) 23(92) 
Polymyxin Colistin (CST)  3(12) 1(4) 21(84) 1(4)  24(96) 
Quinolones Nalidixic acid (NAL)  3(12) 1(4) 22(84)  1(4) 24(96) 
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Figure 1.  PCR analysis of Plasmids in Pseudomonas aeruginosa isolates  

3.3. Antibiotic Susceptibility Result of P. aeruginosa 

Isolates 

The antibiotic susceptibility results of the P. aeruginosa 

isolates are showed in (table 4) above. All the isolates were 

resistant to the 25 antibiotics tested. For clinical isolates 

which are tested for beta lactamase antibiotics Ceftazidime 

(CAZ), Cefaclor (CEC), Cefoxitin (FOX) and Ceftazidime 

(CAZ) were (96%) resistant, Ampicillin (AMP), Cefepime 

(FEP) and Cefotaxime (CTX) were (88%) resistant, and 

Amoxycillin (AMC) were (84%) resistance as mentioned in 

table 4. Also, the Pseudomonas isolates are resistant to other 

classes of antibiotics tested as indicated in table 4. For both 

clinical and vegetable isolates tested for 25 antibiotics 99% 

were resistant to more than three classes of antibiotics (figure 

3). Most of the isolates were multiple antibiotic resistance to 

more than three classes of antibiotics. Also, isolates from 

vegetable sources and clinical samples were resistant to all 

common prescribed antibiotics in Gondar Ethiopia (table 4). 

 

Figure 2.  Evolutionary relationship of 16s rRNA sequenced 

Pseudomonas aeruginosa isolates 

 

Figure 3.  Antibiotic susceptibility pattern of clinical and vegetable Pseudomonas aeruginosa isolates the first three (S, I, R =clinical) second S, I, 

R=vegetables, ATCC2400 positive control 
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3.4. Analysis of Biofilm Formation in P. aeruginosa 

Isolates 

 

Figure 4.  Analysis of biofilm formation as high, moderate, and 

non-biofilm producers differentiated with crystal violet staining in tissue 

culture plates (TCP), OD570 

All isolates were further evaluated for biofilm production 

using the 96 well tissue culture plate. Ultimately, 88% (n=22) 

isolates produced biofilms, which were classified as strong, 

moderate, and weak based on their appearance. Among 

biofilm-producing isolates, 40% (n=10) produced strong,  

32% (n=8) moderate, and 16% (n=4) weak biofilm patterns. 

Isolates that had not produced an observable amount of 

biofilm were classified as nonproducers and their strength 

was 12% (n=3), as demonstrated in table 5. The relationship 

between biofilm production and antibiotic resistance were 

analyzed, 76% of MDR isolates were strong biofilm formers 

and 46% of non MDR isolates were strong biofilm formers 

(figure 4). 

In our study, biofilm producing P. aeruginosa showed 

(88%, 96%), (88%, 92%), (88%, 88%), (96%, 96%), (72%, 

72), and (72%, 76%) resistance to Imipenem, Meropenem, 

cefepime, cefoxitin, amikacin and kanamycin, in clinical  

and vegetable isolates respectively. Resistance to 

aminoglycosides, beta lactamase and carbapenem resistant 

were comparatively higher among biofilm producing P. 

aeruginosa than nonproducer (Statistically significant; P < 

0.001). MDR were comparatively higher among biofilm 

producing than nonproducer (statistically significant; P < 

0.001). Relationship between MDR pattern of biofilm 

producing and nonproducing P. aeruginosa are shown in 

figure 5 below. 

 

Figure 5.  The relationship between biofilm formation and Multi- Drug Resistant Pseudomonas aeruginosa isolates  

 

Figure 6.  PCR analysis of virulence factors in P. aeruginosa: A) Tox A (352bp); B) LAS B (300bp); C) PlC H (307bP); and D) ExoS (504bP), (lane1-5 

vegetable and 6-12 clinical) lane 8 ATCC 27853 + control 
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Table 5.  Phenotypic characteristics and virulence genes profile antibiotic resistant Pseudomonas aeruginosa 

Isolates 
Pigment production Biofilm pattern 

LasB PlcH ExoS ToxA 
Pyoverdine Pyocyanin Strong Moderate Weak 

PA.1 + - 
  

+ - + + + 

PA.2 - + +++ 
  

- + + + 

PA.3 + - +++ 
  

+ + + + 

PA.4 + - +++ 
  

+ + + + 

PA.5 + - 
 

++ 
 

+ + + + 

PA.6 − − 
 

++ 
 

- + + + 

PA.7 + - 
 

++ 
 

+ + + + 

PA.8 + + +++ 
  

+ + + + 

PA.9 + + +++ 
  

+ + + + 

PA.10 + + +++ 
  

+ - + + 

PA.11 + + +++ 
  

+ - + + 

PA.12 - + +++ 
  

+ - + + 

NB. + color and virulence genes detected, - not detected, +++ strong biofilm formers,  

++ moderate biofilm formers, + weak biofilm formers  

 

3.5. Analysis of Virulence Genes in P. aeruginosa Isolates 

Beta-lactamase-producing Pseudomonas isolates (n=12) 

were further analyzed for phenotypic and virulence gene 

profiles. P. aeruginosa produced characteristic pigments   

in the form of pyoverdine or pyocyanin. A total of        

96% (n=24) isolates produced these pigments. Among 

pigment-producing isolates, 76% (n=19) demonstrated 

pyoverdine and 24% (n=6) exhibited pyocyanin, as shown in 

table 5. 

Virulence genes were investigated among twelve 

randomly selected beta-lactamase-producing isolates using 

PCR. Among them, 75% (n = 9) isolates were found to be 

LasB positive, while 100% (n = 12) were ExosA producers, 

75% (9) were PlcH producers and 100% (12) were ToxA 

producers. Furthermore, all the virulence screened isolates 

coproduced more than two type of virulence factors (Figure 

6 A, B, C, and D). 

Among all the 24 Pseudomonas aeruginosa isolates    

60% were pyoverdine fluorescein yellow green pigment 

producers, 25% were pyocyanin blue pigment producers and 

18% others as depicted in figure 7 below. 

 

 

Figure 7.  Pigment production in P. aeruginosa isolates  

3.5.1. Analysis of Resistance Gene Regions in Pseudomonas 

aeruginosa Isolates 

Colony PCR were performed in 12 selected P. aeruginosa 

isolates to detect OprL(504bp) resistance gene regions. 

Based on the PCR results out of the selected and screened  

P. aeruginosa isolates OprL(504bp) were detected in 6 of the 

vegetable and 5 of the clinical isolates Figure 8. 

 

Figure 8.  PCR result of Opr L(540bp) 1-6 vegetables and 7-11 clinical 

isolates 

4. Discussions  

Pseudomonas aeruginosa remains one among the foremost 

important opportunistic pathogen resistances to a variety   

of antimicrobial agents worldwide [49,63]. P. aeruginosa 

pathogens causes nosocomial infection by secreting various 

toxins in immunocompromised people [5,59]. The primary 

focus of this research was to determine the total population 

and distribution of the Pseudomonas aeruginosa pathogens 

in leafy vegetables, study their antibiotic susceptibility, 

resistance genes, biofilm formation, and other associated 

virulence factors comparing the result with the clinical 
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isolates from Gondar University Hospital.  

With regard to the bacterial load of the leafy vegetables, 

the mean aerobic mesophilic count of cauliflower, lettuce 

spinach and cabbage were 4.9x1010, 4.7x1010, 4.5 x1010,  

and 4.0x109 cfu/g, respectively. These numbers are higher  

than previously reported data the mean aerobic mesophilic 

count of 1.68x105 for cauliflower, 1.50x105 for cabbage and 

1.53x105 for spinach [3,66]. The higher bacterial load in this 

study may be partly due to the use of contaminated irrigation 

water and organic fertilizers in the farms, coupled with   

the poor hygienic environment where open defecation is  

not uncommon. Together these factors contribute to the 

microbial contamination during preharvest, harvesting, and 

poor handling practices at the post-harvesting [23,44]. These 

poor sanitary conditions were clearly observed when the 

vegetables were been sourced from the various markets.  

The maximum aerobic plate count (9.8x106 cfu/g) was from 

the vegetables obtained at Arada market while the lowest 

aerobic plate count was in the vegetables from Pizza market. 

Comparison of the mean aerobic mesophilic count of the 

vegetables based on the different markets shows that there 

was a statistically significant difference (P=0.006<0.05).  

In an attempt to evaluate any causal relationship between 

the clinically relevant bacterial population from the 

vegetables and Gondar community Hospital, the P. 

aeruginosa isolates from both sources were compared on the 

bases of their phylogenetic, phenotypic characteristics, 

plasmid profiling, antibiotic susceptibility, resistance genes 

and key virulence factors. The 16SrRNA sequencing and the 

phylogenetic relationship of the randomly selected isolates 

indicated the clinical and vegetable isolates features a 

relationship as they grouped together. As studies suggested 

that antibiotic resistance genes in human bacterial pathogens 

originate from different bacterial genetic sources including 

plasmid [6]. The genes carried in plasmids provide bacteria 

with genetic advantages, like antibiotic resistance and 

besides their act as a carrier, these plasmids play a big role as 

a transferring agent to antibiotic resistant mobile genes 

[2,32]. During this study, the plasmid profile for all selected 

isolates confirmed that every isolate had a minimum of one 

plasmid.  

Antibiotic susceptibility test analysis revealed the isolates 

were resistant to 99% the antibiotics used and the frequency 

of multiple antibiotic resistance was 98% in both vegetable 

and clinical isolates. In the past two to three decades,   

many reports confirmed an increasing multiple antibiotic 

resistance among P. aeruginosa isolated in several parts    

of the world [17,35,71]. Multiple antibiotic resistance in    

P. aeruginosa are mediated by several mechanisms, 

including the assembly of multidrug efflux systems, enzyme 

production, or outer membrane protein (porin) loss and 

target mutations [73]. Carbapenems are the effective 

antibiotic against multiple antibiotic resistance (MDR) 

isolates. However, the increasing frequency of 

carbapenem-resistant P. aeruginosa has recently become    

a worldwide challenge [42]. Our results showed high 

resistance to all or any carbapenem antibiotics (88%, 96%) 

imipenem, (88%, 92%) meropenem, (96%, 92%) doripenem 

and (88%, 92%) ertapenem resistant in clinical and vegetable 

isolates, respectively, which agrees to previous report, 

resistance to imipenem in Tehran was within the range of  

16% - 90% [28,29,36]. 

Biofilm formation and virulence factors production were 

also further analyzed in extended spectrum beta lactamases 

(ESBL)-producing P. aeruginosa, and it had been established 

that a robust correlation exists between secretion of  

poisons and beta-lactamase producers [34]. Other factors 

contributing to the virulence of P. aeruginosa detected in  

this study are pigment production which have positive 

correlation with antibiotic resistance. In this study all P. 

aeruginosa isolates produced pigment. It had been revealed 

that pigment production was more significantly related to 

antibiotic resistance than the assembly of virulence factors 

like elastases and proteases in clinical isolates of P. 

aeruginosa [18]. In another study, pigment production was 

according to our results [73].  

Biofilm formation and the correlation of multiple 

antibiotic resistance were analyzed and compared with 

previously reported cases of Pseudomonas isolates, and it 

had been noted that the prevalence of biofilm formation was 

above previous study results, which implied that biofilm 

formation features a strong correlation with the antibiotic 

resistance pattern [21]. Production of biofilm can boost the 

strength of ESBL-carrying bacteria more pathogenically 

compared with non-ESBL producers, as in our case, where 

all were biofilm producers [47]. Our data identified that   

96% of the P. aeruginosa isolates produced biofilm. During a 

study by [26,61] in Iran, 96.9% of the isolates produced 

biofilm, which is in correlation with our results. Previously 

Reported studies of the connection between biofilm 

formation and antibiotic resistance/susceptibility revealed 

that the multiple antibiotic resistant isolates displayed 

significant biofilm formation as compared to susceptible 

isolates, probably due to the delayed penetration of 

antibiotics inside the bacterial cell. In this study, the analysis 

of the relationship between biofilm formation and multi  

drug resistant (MDR) confirmed that 72% of the multiple 

antibiotic resistant isolates displayed significant biofilm 

production compared to susceptible isolates, our results are 

according to previous reports [1,10]. This could be due to the 

delayed penetration of antibiotics target site in the bacterial 

cell. 

In the current study a diverse antibiotic resistance and 

virulence determinant isolates were also detected among  

the ubiquitous Pseudomonas aeruginosa. The antibiotic 

resistant gene OprL (504bp) was present in 98% of the 

isolates. Similarly, the virulence factors ExoS and PlcH were 

detected in 100% of the P. aeruginosa isolates compared to 

ExoS (84.0%) and Plc H (71.0%) by [24,58]. However,   

the ToxA and LasB virulence factors were detected in 75% 

of the P. aeruginosa isolates. Distribution of virulence factor 

ExoS was higher compared with the info shown in another 

study previously. The ToxA prevalence was lower in our 

study than that during a previous study. Expression of 
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virulence factors are often retarded using azithromycin, 

which inhibits autoinducers that are involved within the 

expression of those genes [68]. Overall, expression levels of 

both ExoS and ToxA were higher in our study as compared 

with those during a previous study [35]. When ExoS acts   

as a mitogen, it can promote activation of T lymphocytes 

resulting in inflammation, which is that the explanation for 

pathogenesis in CF patients [8]. An elevated incidence of 

ExoS was reported in drug resistance isolates during a study 

conducted in Iran [17]. The expression of those virulence 

factors is required to cause infection in patients, particularly 

in those having pulmonary infection [65]. Las B incidence 

was also higher in our isolates as compared with cases 

reported in another study, which involved the detection of 

virulence genes in pigment- and non-pigment producing P. 

aeruginosa [18]. ESBL-harboring bacteria have more LasB 

activity than non-ESBL-harboring bacteria, which highlights 

their strong force with the drug resistance pattern [36]. Other 

previous study reported that, the occurrence of LasB and 

PlcH virulence factors in clinical isolates of P. aeruginosa, 

however, the prevalence of both virulence factors was higher 

in our findings [26].  

5. Conclusions 

Antibiotic resistant bacterial pathogens represent a global 

threat to human health. The acquisition of antimicrobial 

resistance genes bacterial pathogens has reduced the 

treatment options for serious infections, increased the burden 

of disease, and increased death rates due to treatment  

failure and requires a coordinated global response for 

antimicrobial resistance surveillance. This looming health 

threat has restimulated interest in the development of    

new antimicrobial therapies, has demanded the need for 

better patient care, and has facilitated heightened governance  

over stewardship practices. In the current study 

beta-lactamase-harboring bacteria exhibit a robust antibiotic 

resistance pattern against different groups of antibiotics. 

Besides the assembly of resistance-related enzymes, 

production of various virulence genes and pigments could be 

the explanation for development of the resistance pattern in P. 

aeruginosa. Further studies are going to be helpful in 

revealing the correlation between the antibiotic resistance 

pattern and virulence factor expression. 
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