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Abstract  Klebsiella pneumoniae is a gram negative, encapsulated, non-motile bacterium that is found in the environment 

and has been associated with pneumonia in the alcoholic and diabetic patient population. The bacterium typically colonizes 

human mucosal surfaces of the oropharynx and gastrointestinal tract. Klebsiella pneumoniae is an opportunistic pathogen  

of medical importance. In this study a total of 27 Klebsiella pneumoniae strains were identified using standard tests. The 

average aerobic mesophilic bacterial count was 3.85 cfu/g and the prevalence of Klebsiella pneumoniae was highest      

in cauliflower and lettuce 7(25.9%), 4(14.8%) respectively followed by spinach 2(7.4%), and cabbage (2(7.4%). The 

antimicrobial susceptibility for 25 antibiotics indicated >98% of the Klebsiella pneumonia strains were carbapenems and 

β-lactam resistant. All the strains were resistant to the carbapenem drugs, (95%) Imipenem (IMP), (100%) Meropenem 

(MEM) (95%) Doripenem (DOR) and (87%) Ertapenem (ETP) resistance. Nine randomly selected strains were PCR 

screened for the presence of carbapenems genes demonstrated 9(100%) harbor resistance determinants (NDM-1), 8(88.9%) 

harbor resistance determinants blaOXA48, 9(100%) harbor resistance determinants blaIMP and 9(100%) harbor resistance 

determinants blaVIM. Furthermore, representative K. pneumonia strains profiled for plasmid DNA demonstrated that all the 

isolates harbor at least one plasmid. 
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1. Introduction 

Klebsiella pneumoniae is an opportunistic bacterium 

found in various microbiological niches such as soil; the skin, 

intestines, and feces of mammals; and food. K. pneumoniae 

has been known to cause bacteremia, pneumonia, and 

urinary tract infection [45,46]; the gastrointestinal carriage 

of K. pneumoniae has been said to be a predisposing factor 

for liver abscess [47], and hypervirulent K. pneumoniae 

strains have emerged as a predominant cause of pyogenic 

liver abscess [48]. Studies have reported that most pathogens 

in liver abscess are susceptible to broad-spectrum antibiotics 

such as fluoroquinolones and third- and fourth generation 

cephalosporins [47,49,50], but over the years, antibiotic 

resistance in K. pneumoniae has been increasingly observed 

in both nosocomial and community settings. Studies of    

K. pneumoniae having developed an acquired resistance   

to last-line antibiotics (i.e., carbapenems) [51,52,53] have  
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been most concerning. The interplay between mechanisms of 

antibiotic resistance and virulence in K. pneumoniae is not 

well established. It is generally accepted that antibiotic 

resistance comes with a fitness cost and decreased virulence, 

but recent studies have suggested otherwise the development 

of antibiotic resistance in K. pneumoniae has been reported 

to augment virulence [54], and increased virulence is said to 

naturally evolve in response to, or potentially be shared 

among, bacteria, leading to acquired resistance [55].  

Although K. pneumoniae is more commonly associated 

with nosocomial infections, food has also been reported to 

be a possible transmission vector [56]. K. pneumoniae has 

been isolated from raw meat [57,59,61,63], raw vegetables 

[58,62], fruit juice [59], and ready-to-eat (RTE) food. 

Several studies on K. pneumoniae in food have also 

reported its worrying resistance to antibiotics, on several 

occasions citing foodborne K. pneumoniae as resistant to 

three or more antibiotic classes (multidrug resistance) 

[60,64,65]. The presence of antimicrobial-resistant and 

multidrug-resistant (MDR) K. pneumoniae strains in the 

food chain and its potential contribution to the resistome, 

particularly to the resistance of clinically relevant bacteria, 

should not be taken lightly. 
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Among the antibiotics, β–lactam is a large class of   

drugs that has different sub-classes including penicillin’s, 

cephalosporins, carbapenems, and monobactam. In 

Gram-negative bacteria, resistance to β–lactams are 

mediated by different strategies such as production of 

β–lactamases, efflux pumps, and alteration of penicillin 

binding proteins. The major mechanism involved in B 

lactam resistance is the production of β–lactamases [38,68]. 

Different β–lactamases have been discovered starting with 

broad spectrum β–lactamases now designated as extended 

spectrum β–lactamases (ESBLs), β–lactamases with  

reduced sensitivity to β–lactamase inhibitors, Amp C and 

β–lactamases that hydrolyze carbapenems. As β–lactamases 

are inducible enzymes, the presence of β–lactam antibiotics 

in food is considered a risk factor that generates the intrinsic 

resistance of the gram-negative bacteria [39]. Consequently, 

the presence of antimicrobial resistant K. pneumoniae in 

food is a major health problem.  

 On the other hand, carbapenems are broad spectrum 

antibiotics that are kept as the last treatment option       

for infections caused by multiple antibiotic resistant 

Klebsiella pneumoniae isolates [67]. However, uncontrolled 

administration of carbapenems leads to the development  

and the spread of carbapenem resistant isolates, which are 

usually resistant to other antibacterial agents such as 

fluoroquinolones [3,23], and these isolates have limited 

treatment options leading to significantly high morbidity and 

mortality rates [5]. Carbapenem hydrolyzing β-lactamases 

have been reported to be increasingly widespread. Ambler 

molecular class A (KPC), class B (VIM, IMP, NDM) and 

class D (OXA-48) types are the most often found among 

Klebsiella pneumoniae isolated during serious nosocomial 

infections [35]. Carbapenem resistant K. pneumoniae strains 

have been also recently reported in many countries in     

the world [14,15,16,17,18,35]. Carbapenem resistance in 

Klebsiella has been developed due to the acquisition of  

genes encoding carbapenemases (carbapenem hydrolyzing 

enzymes) [36]. Three classes of carbapenemases (A, B   

and D) are involved in the carbapenem resistance i) class    

A (K. pneumoniae carbapenemase) [6,7] ii) class B, 

metallo-β-lactamases (MBLs) such as Verona integron 

metallo-beta-lactamase (VIM), Imipenemase 

metallo-beta-lactamase (IMP) and New Delhi 

metallo-beta-lactamase (NDM) [5,8] and iii) class D, 

oxacillin hydrolyzing beta-lactamases (OXA) [9,10]. The 

carbapenem hydrolyzing genes are commonly encoded on 

mobile genetic elements and are accompanied by other 

antibiotic resistant genes resulting in co-transfer of the 

antimicrobial resistance genes and rapid spread of bacterial 

infections [37]. 

In this study, we conducted a molecular characterization 

of 27 multiple antibiotic resistant, K. pneumoniae strains. 

These included isolates from vegetable samples and clinical 

sources from Gondar, Ethiopia. The 16S rRNA sequencing 

and colony PCR has been used to investigate and compare 

their genetic relatedness, antimicrobial resistance, and the 

presence of virulence determinants. The outcome of this 

study also provided new insights into the pathogenesis   

and resistance of the previously under-recognized human 

pathogenic bacteria in Ethiopia. 

2. Materials and Methods  

2.1. Sample Collection 

Vegetable samples of cauliflower, spinach, lettuces, and 

cabbage were collected from four different retail markets in 

Gondar, Ethiopia from June to August. The samples were 

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

tightly sealed with sterile plastic wrap, and transported to an 

accredited laboratory and subjected to microbiological 

analysis within 24hrs. Forty clinical isolates were collected 

from patients who were admitted to a hospital of Gondar 

university of medical science college. The clinical strains 

were collected from different specimens and no duplicate 

isolates from the same patient were included in this study. 

On the other hand, in each place vegetable 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. 

About 25 g of each food sample was enriched in 225 mL 

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

at 37°C. Thereafter, the enrichment was streaked onto 

MacConkey agar (Huankai Ltd., Guangzhou, India), 

followed by incubation at 37°C for 24 h. 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, 27 K. pneumoniae isolates 

were recovered in this study. Among these isolates, 15 were 

from ready-to-eat leafy vegetables, 12 were in clinical source 

from Gondar University Hospital. Confirmed cultures were 

preserved in Luria-Bertani broth containing 20% glycerol 

and stored at −80°C for further study. 

2.2. Antimicrobial Susceptibility Testing 

All confirmed Klebsiella pneumonia isolates were tested 

for antibiotic susceptibility using the Kirby–Bauer method 

[75] which performed by standard disk diffusion on 

Mueller–Hinton agar incubated at 37°C for 24 h, following 

the guidelines of the Clinical and Laboratory Standards 

Institute (The Clinical and Laboratory Standards Institute, 

2015). A total of 25 antibiotics (Oxoid, Basingstoke, UK) 

were classified into 11 different groups according to the 

WHO (Organization, 2007): amoxycillin (AMC, 30 μg), 

ampicillin (AMP, 10 μg), cefepime (FEP, 10 μg), 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) (25 μg), Cefotaxime 

(CTX) (30 μg), clindamycin (DA, 2 μg), Doripenem (DOR) 
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(30 μg), Imipenem (IPM) (30 μg), ciprofloxacin (CIP,     

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

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

Trimethoprim/sulphamethoxazole (SXT, 25 μg), 

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

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

(30 μg) and Colistin (CST) (30 μg).  

2.3. Plasmid Profile and 16s rRNA Sequencing of 

Bacteria Isolates 

The isolates were subjected to plasmid profile analysis via 

the OMEGA/miniprep method. An overnight culture of each 

bacteria isolate was prepared in 5 mL of nutrient broth.   

The broth culture was properly mixed by vertexing, and 1.5 

mL was then transferred into a prelabeled Eppendorf tube. 

The tubes were then centrifuged for 2 minutes at 13 000 

revolutions per minute (rpm) to harvest the bacterial cells. 

The supernatant was gently decanted, leaving about 100 μL 

of the broth culture, which was then vortexed at high speed 

until the bacterial cell pellet became completely suspended. 

OMEGA solution (300 μL; 25mM Tris, 10mM EDTA, 0.1N 

NaOH, 0.5% SDS) was then added to lyse the bacterial cells. 

It was mixed by inversion 3 to 5 times until the solution 

became slimy, after which 150 μL of 3.0M sodium acetate 

(pH 5.2) was added and again vortexed for about 10 seconds. 

It was further centrifuged at 13 000 rpm for 5 minutes to 

pellet out cellular debris and chromosomal DNA. The 

supernatant was then transferred into another labeled 1.5-mL 

Eppendorf tube, and 900 μL of cold absolute ethanol was 

added. The solution was centrifuged at 13 000 rpm for 10 

minutes. The supernatant was discarded, and the white pellet 

containing the plasmid DNA was rinsed twice with 1000 μL 

of 70% ethanol. 

The pellet was then air-dried, and 40 μL of TE buffer 

(10mM Tris, 1mM Na2EDTA) was added to resuspend the 

pellet. Electrophoresis of the extracted plasmid DNA was 

carried out on 1.8% agarose gel and run for 3 hours at 

150-200 V with HIND III digest of lambda phage DNA 

(Fermentas) as the molecular weight marker. It was 

visualized with ethidium bromide via the ultraviolet 

transilluminator. 13 representative isolates were sent to the 

GENWIZ for 16S rRNA genomic Sequencing [41,42,43,44]. 

2.4. Primers and PCR Confirmation of Klebsiella 

pneumoniae 

All confirmed K. pneumoniae 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 K. pneumoniae 

isolates was performed by PCR as previously described 

based on the reaction set up listed in table 1 [13]. The primer 

sequences and amplicon size are listed in table 2 and 3.  

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 characterization of bla-KPC, NDM-1, bla-VIM, 

bla-IMP, and blaOXA-48 β-lactamase and carbapenem’s 

genes was performed by PCR and sequencing in table 2 

[24]. The presence of virulence factors was detected by 

PCR using the primers listed in table 3. All oligonucleotide 

primers were synthesized by Sangon Biotech. The PCR 

mixture (total volume 25 μL) contained 1 × DreamTaqTM 

Green PCR Master Mix (Fermentas, Waltham, MA, USA),  

4 μL primer mixture, and 2 μL DNA template. PCR was 

conducted in a Bio-Rad PTC-200 Thermal Cycler (Bio-Rad, 

Hercules, CA, USA). The reference strain K. pneumoniae 

GIM 46117 (khe +) was used as a positive control. The 

amplified products were analyzed by electrophoresis on  

1.5% agarose gels in 1 × TAE buffer (40 mM Tris–HCl, 1.18 

mL acetic acid, 2 mM EDTA, pH 8.0), and the bands were 

visualized using an Image Quant 350 Capture system (GE 

Healthcare, Waukesha, WI, USA). 

 

Table 2.  Carbapenem’s gene regions in Klebsiella pneumonia [13] 

Primers Sequence* (5’-3’) Gene Product size(bp) 

KPC-F 5’-CGTCTAGTTCTGCTGTCTTG-3’ bla KPC 798 

KPC-R 5’-CTTGTCATCCTTGTTAGGCG-3’ 
  

NDM-1-F 5’-GGTTTGGCGATCTGGTTTTC-3’ bla NDM-1 621 

NDM-1-R 5’-CGGAATGGCTCATCACGATC-3’ 
  

OXA-48-F 5’-GCGTGGTTAAGGATGAACAC-3’ bla OXA-48 438 

OXA-48-R 5’-CATCAAGTTCAACCCAACCG-3’ 
  

IMP-F 5’-GGAATAGAGTGGCTTAAYTCTC-3’ bla IMP 232 

IMP-R 5’-GGTTTAAYAAAACAACCACC-3’ 
  

VIM-F 5’-GATGGTGTTTGGTCGCATA-3’ bla VIM 390 

VIM-R 5’-CGAATGCGCAGCACCAG-3’ 
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Table 3.  List of primers for virulence gene regions for Klebsiella pneumoniae 

Primer Sequence (5'-3') Product size Reference 

wab G F: 5' ACCATCGGCCATTTGATAGA3' 683 Poirel et al., 2011 

 
R:5'CGGCTGGCAGATCCATATC3' 

 
 

Uge F:5'TCTTCACGCCTTCCTTCACT3' 534 Poirel et al., 2011 

 
R:5'GATCATCCGGTCTCCCTGTA3' 

 
 

fimH F:5'TGCTGCTGGGCTGGTCGATG3' 688 Poirel et al., 2011 

 
R:5'GGGAGGGTGACGGTGACATC3' 

 
 

iutA F:5'GGCTGGACATCATCATGGGAACTGG3' 300 Poirel et al., 2011 

 
R:5’CGTCGGGAACGGGTAGAATCG3' 

 
 

 

2.5. Statistical Analyses 

To assess differences in Aerobic mesophilic bacterial 

count, total coliform count and fecal bacteria count among 

the vegetable samples, performed using the serial dilutions 

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

(number of colonies times dilution factor divided by 

volume). Overall differences in the vegetable-borne 

clinically significant bacteria were analyzed using their 

means and standard deviation. 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. ANOVA  

and basic statistical tests(mean/SD) 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. 

3. Result 

3.1. Aerobic Mesophilic Count and Total Coliform  

Count of Vegetable Samples 

The vegetable types, aerobic mesophilic count, and total 

coliform counts of standard deviation and average in cfu/gm 

of samples are provided in (table 4) below. The total 

bacterial 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 

average viable counts were cauliflowers (9.08cfu/ml), 

spinach (8.95cfu/ml), and lettuce (8.95cfu/ml), while 

cabbage (7.26cfu/ml) was the lowest (table 4). As the 

samples are collected randomly from three places there were 

no significant differences between the different markets. All 

samples were collected before their respective best before 

dates and even those with high counts were not spoiled based 

on their visual appearance. 

The average total coliform count was high in cauliflower 

(2.37cfu/ml) on other hand the fecal colony count of bacteria 

was high in lettuce (2.60cfu/ml) and the lowest count was 

found in cabbage and spinach samples (table 4). Regarding 

to the market area the maximum mean viable count was 

found from Arada which was equal to 6.8x106 cfu/ml. The 

lowest aerobic plate count was found around Piazza (1.5 x 

108 cfu/ml). The difference might be from the handling and 

sanitary differences in the market around Arada markets. 

The area was crowded with carrier animals and vehicles that 

emit dust particles; there were donkey and horse feces which 

are the source of different contaminant. Moreover, the 

vegetable handlers put vegetables on ground without using 

covering material and used the measuring balance for 

different commodities such as crops and cereal. These 

factors could increase the microbial load of leafy vegetables 

(table 4). 

Table 4.  The Aerobic mesophilic count from vegetable samples (log
10

 
cfu/ml) 

 
AMC TCC FCC 

Vegetables log10 cfu/ml log10 cfu/ml log10 cfu/ml 

 
MN±SD MN±SD MN±SD 

Lettuce 8.95 ±0.52 2.60±0.35 1.30±0.56 

Cabbage 7.26±0.51 2.48±0.67 1.00±0.15 

Cauliflower 9.08±0.61 2.32±0.43 1.85±0.59 

Spinach 8.95±0.52 2.30±0.25 1.00±0.15 

NB. AMC= aerobic mesophilic count, FCC= fecal colony count and TCC= total 

coliform count 

3.2. Antibiotic Susceptibility Testing  

The antibiotic susceptibility results and multi drug 

resistance Klebsiella pneumonia isolates are showed in table 

5 and 6. Overall, all the isolates were resistant to the 25 

antibiotics tested. For clinical isolates which are tested for 

carbapenem antibiotics, (95%) were resistant to Doripenem 

(DOR), (89%) Imipenem (IPM), (89%) Meropenem (MEM) 

and (82%) Ertapenem (ETP) as mentioned in table 5. On the 

other hand, for vegetable isolates which are tested for 

carbapenem antibiotics (84%) were resistant to Doripenem 

(DOR), (89%) Imipenem (IPM), (89%) Meropenem (MEM) 

and (82%) Ertapenem (ETP) as mentioned in table 5. For 

both clinical and vegetable isolates tested for 25 antibiotics 

99% were resistant to more than three classes of antibiotics. 

Most of the isolates were multiple antibiotic resistant 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 5 
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and 6). 

Table 5.  Distribution of Antibiotics resistant among different K. pneumonia isolates and sample sources  

Source of isolates 
Number of 

isolates (N) 
Antibiotics resistant to the isolates 

Vegetable Klebsiella spp. 15 
 

Caulis flower 7 IMP, MEM, NAL, CIP, CTX, CAZ, FEP, CFZ, CEC, SXT, ETP, DOR 

Lettuce 4 IMP, MEM, NAL, CIP, CTX, CAZ, FEP, SXT, ETP 

Cabbage 2 IMP, MEM, NAL, CIP, CTX, CAZ, FEP, CFZ, ETP 

Spinach 2 IMP, MEM, NAL, CIP, CTX, CAZ, SXT, ETP, DOR 

Clinical Klebsiella spp. 12 
 

Male 
  

Wound 2 IMP, MEM, NAL, CIP, CTX, CAZ, FEP, CFZ, CEC, SXT, ETP, DOR 

Urine 2 IMP, MEM, NAL, CIP, CTX, CAZ, FEP, CFZ, CEC, SXT, ETP, DOR 

Blood 0 
 

Respiratory 2 IMP, MEM, NAL, CIP, CTX, CAZ, FEP, CFZ, CEC, SXT, ETP, DOR 

Female 
  

Wound 2 IMP, MEM, NAL, CIP, CTX, CAZ, FEP, CFZ, CEC, SXT, ETP, DOR 

Urine 2 IMP, MEM, NAL, CIP, CTX, CAZ, FEP, CFZ, CEC, SXT, ETP, DOR 

Blood 0 
 

Respiratory 2 MEM, NAL, CIP, FEP, IMP, CEC, SXT, CTX, CAZ, ETP, DOR 

Table 6.  Antibiotics susceptibility Klebsiella pneumoniae strains for clinical and vegetable isolates 

   
Clinical isolates Vegetable isolates 

 
Class of antibiotics Types of antibiotics R (%) I (%) S (%) R (%) I (%) S (%) 

β-Lactams Amoxycillin (AMC) 84 4 12 82 4 14 

β-Lactams Ampicillin (AMP) 88 1 11 81 1 18 

β-Lactams Cefepime (FEP) 87 3 10 83 3 14 

β-Lactams Cefoxitin (FOX) 89 1 10 84 1 15 

Cephalosporin Cefazolin (CFZ) 98 0 2 89 0 11 

β-Lactams Ceftazidime (CAZ) 96 0 4 82 2 16 

Aminoglycosides Amikacin (AMK) 71 4 25 71 4 25 

Aminoglycosides Gentamicin (GEN) 97 0 3 87 3 10 

Aminoglycosides Kanamycin (KAN) 73 2 25 73 2 25 

Aminoglycosides Streptomycin (STR) 91 0 9 88 0 12 

Phenicols Chloramphenicol 90 0 10 87 0 13 

Lincosamides Clindamycin (CLI) 91 3 6 86 3 14 

Carbapenem Doripenem (DOR) 95 0 5 84 0 16 

Carbapenem Imipenem (IPM) 89 1 11 89 1 11 

Fluoroquinolones Ciprofloxacin (CIP) 97 0 3 83 2 15 

Fluoroquinolones Norfloxacin (NOR) 97 0 3 85 0 3 

Carbapenem Meropenem (MEM) 89 0 11 89 0 11 

Oxazolidinones Linezolid (LZD) 89 2 11 89 2 11 

Ansamycins Rifampicin (RIF) 87 0 13 87 0 13 

Sulfonamides Trimethoprim (SXT) 85 3 12 85 3 12 

Quinolones Quinupristin (Q-D) 89 0 11 89 0 11 

Cephalosporin Tazobactam 94 0 6 82 2 16 

Carbapenem Ertapenem (ETP) 87 0 13 82 2 16 

Polymyxin Colistin (CST) 84 0 16 84 1 15 

Nitrofurantoins Nitrofurantoin (NIT) 86 2 12 86 4 12 
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3.3. 16SrRNA Sequencing and Phylogenetic 

Relationships 

Molecular analysis of 16SrRNA sequenced vegetable and 

clinical isolates were aligned together. Aligned sequences 

were compared with the same regions of 16S rRNAs from 

gene bank and other bacterial groups. Phylogenetic trees 

were constructed by the least square’s method [76]. Five 

sequences from both sources were considered to group 

within the gene bank sequenced species (Fig. 1). The lines 

represented by clones CL12 (clinical isolate clone) and 

E155 (vegetable isolate clones) shared 55% similarity each 

other and shared 84% similarity in 16S rRNA sequence 

with sequence from the gene bank. The sequences of clones 

CL22 and E105 shared 100% similarity with sequence of 

species in gene bank. Vegetable isolate clones (E105) and 

clinical isolate clone (CL22) appear to represent a 

phylogenetically coherent group. Sequences of clones E105 

and CL22 from a (vegetable and clinical clones respectively) 

were 100% similar and shared 84% sequence similarity 

with E155(vegetable) and CL12(clinical0 16S rRNA 

sequences. 

 

Figure 1.  Evolutionary relationship of 16s rRNA sequenced Klebsiella pneumonia isolates, (NR-036794.1 Klebsiella pneumonia from NCBI) 

3.4. Plasmid Isolation and Profiling 

Plasmid profile was carried out on the 13 of the 32 

multiple antibiotic resistance Klebsiella pneumonia isolates. 

All the isolates 13 (100%) were found to possess at least 

one plasmid bands. Plasmids were detected from eight of 

the clinical isolates (1-8), the other five of the plasmids 

detected from vegetable isolates (9-13) as depicted in figure 

2 below. 

 

Figure 2.  Plasmid profile of Klebsiella pneumonia Lane 1-8 clinical 

isolates, L9-13 vegetable isolates, lane12 positive control  

3.5. Analysis of the Carbapenems Resistant Gene 

Regions 

Two different multiplex PCR reaction mixtures were 

defined for four resistance genes (blaIMP(232bp), 

blaVIM(390bp), blaOXA-48(438bp), and blaNDM-1(621bp) 

were used to study nine K. pneumoniae strains. Among 

these isolates, oxacillinase (OXA-48) gene was determined 

in 8 out of 9 strains (90%); (NDM-1) 10 out of 10 strains 

(100%), bla IMP (232bp) 9 out of 9 strains (100%) and 

VIM bla (390 bp) 9 out of 9 strains (100%) (Figs. 3 A, B, C, 

D) and table 7 below. 

Table 7.  Carbapenem's and β-lactamase resistance genes and virulence 
factor profile in Klebsiella pneumonia 

 
Resistance genes 

  
Isolates NDM-1 OXA-48 bla IMP bla VIM Plasmids 

K1 + + + + + 

K2 + + + + + 

K3 + + + + + 

K4 + + + + + 

K5 + + + + + 

K6 + + + + + 

K7 + + + + + 

K8 + + + + + 

K9 + _ + + + 

K10 N N N N + 

K11 N N N N + 

K12 N N N N + 

K13 N N N N + 

NB= + the gene region detected, and – the gene region not detected,  

N= not investigated  
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A) 

 

B) 

 

C) 

 

D) 

Figure 3.  A) PCR analysis of bla NDM-1 (621bp) resistance gene 

regions in Klebsiella pneumoniae; B) PCR analysis of bla OXA 48 (438bp) 

resistance gene regions in Klebsiella pneumoniae; C) PCR analysis of bla 

IMP (232bp) resistance gene regions in Klebsiella pneumoniae; D) PCR 

analysis of carbapenems resistant determinants of Klebsiella pneumoniae: 

VIM bla (390 bp) with clinical & vegetable strains; source of DNA: 1kb 

DNA molecular size marker; k2: positive control; k1: S3; k4: k5; k6: k7; 

k8: and k9 positive VIM bla390 bp 

3.6. Analysis of Virulence Gene Regions 

 
A                 B                    C 

Figure 4.  PCR amplification of K. pneumonia virulence gene regions, A) 

The WabG683bp and B) the fimH 688, C) iutA 300bp, uge534bp, and Kpn 

626bp virulence regions of Klebsiella pneumoniae (1-8 vegetable and 9-13 

clinical isolates) 

Different multiplex PCR reaction mixtures were defined 

for five virulence genes (uge, wabG, iutA, kpn and fimH) 

were used to study 13/27 K. pneumoniae strains. The five 

determined virulence gene regions, patterns of these strains, 

PCR positive for virulence genes, are given in fig 4(a-c) and 

table 8.  

Table 8.  Distribution of virulence factors in Klebsiella pneumoniae 
isolates 

   
Virulence factors  

 
Plasmid wab G Uge fimH iutA Kpn 

K1 ++ + + - + + 

K2 ++ + + + _ _ 

K3 ++ + + - + + 

K4 ++ + + + + _ 

K5 ++ + + + + + 

K6 ++ + + + + + 

K7 ++ + + + + + 

K8 ++ + _ + + _ 

K9 ++ + + + + _ 

K10 ++ + + - + + 

K11 ++ + _ + + + 

K12 ++ + + - + + 

K13 ++ + + - + + 

NB= + the gene region detected, and – the gene region not detected, 

 ++ detection of more than one plasmid 

4. Discussions 

Multiple drug resistance (MDR) K. pneumoniae is an 

eminent threat to human health in an era when the discovery 

of new antibiotics lags behind the emergence and 

dissemination of antimicrobial resistance. Therefore, 

understanding the genetic and mechanistic basis for MDR 

becomes crucial, which may provide a hint on finding 

solutions to prevent its spread. The aim of this study was to 

determine the total population and distribution of multiple 

antibiotic resistance Klebsiella pneumonia associated with 

leafy vegetables and compare the antibiotic susceptibility 

patterns with clinical strains and determine the resistance 

genes in Gondar city districts. In the current study the 

bacterial load of the vegetables, the mean aerobic 

mesophilic count of cauliflower, lettuce, spinach, and 

cabbage were 9.08cfu/g, 8.95cfu/g, 8.95cfu/g, and 7.26 

cfu/g, respectively. These numbers are higher than previous 

reports in Cameroon, the mean was AMC of 1.68MPN/g for 

cauliflower, 1.50MPN/g for cabbage and 1.53MPN/g for 

spinach [67]. 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 in the area. Together these 

factors contribute to the microbial contamination during 

preharvest, harvesting, and poor handling practices at the 

post-harvesting [68,69]. These poor sanitary conditions 

were clearly observed when the vegetables were been 

sourced from the various markets. The maximum aerobic 
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plate count (9.08 cfu/g) was from the vegetables obtained  

at Arada market while the lowest aerobic plate count was  

in the vegetables from Pizza market. Additionally, the 

16SrRNA sequencing and the phylogenetic relationship of 

the randomly selected isolates indicated the clinical and the 

vegetable isolates has 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 [70]. The genes carried in 

plasmids provide bacteria with genetic advantages, such as 

antibiotic resistance. In this study, the plasmid profile for the 

thirteen selected isolates confirmed that each isolate harbor 

at least one plasmid [71].  

On the other hand, antibiotics resistance has become a 

public health concern in developing countries including 

Ethiopia. Antibiotics resistance is dramatically accelerated 

when antibiotics are misused. This is critical, especially in 

developing countries where they are not only misused but 

are often underused due to financial constraints. Although 

large scale studies on antibiotics resistance in Ethiopia have 

not yet been conducted, the available reports indicate a 

trend towards increasing resistance rates among different 

bacteria [72]. Now a days, besides the common antibiotics 

carbapenem resistance is also widely spread all over the 

world and is becoming worrisome [24]. Hence, 

characterization of the carbapenem resistant isolates is the 

first step in the road map for controlling these isolates [23]. 

In this study, 99% of the Klebsiella pneumonia isolates  

were found to be resistant to beta lactams and carbapenems 

as well as all other various classes of antibiotics. Similarly, 

carbapenem-resistant Klebsiella pneumoniae isolates 

exhibited co-resistance to other multiple antibiotics [25,26]. 

The carbapenem-resistant isolates were carbapenemase 

positive and harbored the carbapenemase encoding genes; 

blaNDM-1, blaVIM-1, and blaOXA-48 particularly, the  

nine randomly selected isolates for multiplex PCR had 

multiple carbapenemases genes. Various studies detected 

carbapenemase genes in the carbapenem-resistant Klebsiella 

pneumoniae isolates especially bla VIM and bla NDM-1 

however, carbapenemase bla IMP was not common in 

Enterobacteriaceae [24,27,28]. Klebsiella pneumoniae 

contained multiple metallo-β-lactamase genes have been 

previously detected in Germany [29], Italy [30], Colombia 

[31], and Sultanate of Oman [32]. OXA-48 was first 

identified from Klebsiella pneumoniae in Turkey [9] and 

spread of OXA-48 producing Klebsiella pneumoniae in the 

European countries and Mediterranean area has been 

observed [3]. NDM-1 (New Delhi metallo-β-lactamase), one 

of the most clinically significant carbapenemase producer, 

was first reported in New Delhi, India [8], followed by 

several case reports in United Kingdom, Pakistan and now 

worldwide [32]. Coproducing NDM-1 and OXA group 

carbapenem’s have been reported in different places [4] 

including Morocco [78], Oman [79] Singapore [16], the 

United States and Switzerland [80]. 

Several virulence factors were also detected in the K. 

pneumoniae isolates in the present study, wabG (92.3%), 

uge (84.6%), iutA (61.5%) and fimH (92.3%). These 

virulence factors encode the capsule, capsule lipoprotein, 

external membrane protein and enterobactin/ aerobactin 

production in both vegetable and clinical isolates. Similar 

findings were observed by [9,77] who found comparable 

virulence factors in K. pneumoniae.  

It is known that virulence factors and antibiotic resistance 

are generally considered to play a significant role in 

bacterial pathogenesis [22]. Many studies have reported that 

virulence factors are associated with antibiotic resistance  

in pathogenic bacteria [73,74], however, the present study 

indicates that there is no significant correlation among 

virulence factors, carbapenem resistance and infection types. 

Recently, a few studies have indicated that quorum sensing 

affects these mechanisms [8,12]. Consequently, the study 

presented here demonstrated that virulence factors, 

antibiotic resistance and quorum sensing molecules should 

be considered in a collective manner in further studies on 

bacterial pathogenesis for developing effective treatments 

[21]. 

In this study, Klebsiella pneumoniae isolates were 

resistant to carbapenems and to several other antibiotics 

including beta lactams. Multiplex PCR confirmed the 

presence of carbapenems and multiple carbapenems in the 

isolates. Moreover, this study highlighted the prevalence of 

multiple copies of blaNDM-1 bla OXA48, bla IMP and blaVIM-1 

in Klebsiella pneumoniae isolates with high-resistance levels. 

The situation is worrisome as the available treatment options 

are limited and the development of novel molecules to 

control this invasive infection is not easily accomplished. 

Hence, more restrictions on the administration of 

carbapenems should be applied in different hospitals to 

reduce the spread of the beta lactam and carbapenem 

resistant Klebsiella pneumoniae strains. 

5. Conclusions  

In conclusion, our results demonstrated the presence of 

beta lactam and carbapenem resistant K. pneumonia strains 

in leafy vegetables, which are related to the clinical strains. 

Leafy vegetables are considered “hot spots” of antibiotic 

resistant bacteria, resistance genes, and mobile genetic 

elements. The use of irrigation water might be one reason 

for the distribution of resistant bacteria and genetic 

elements through vegetables. However, still there remain 

several further knowledge gaps that must be filled to control 

and mitigate efficiently the emergence and spread of 

antibiotic resistance in the environment including 

vegetables. Antibiotic resistance is developing through 

complex interactions including de-novo mutation under 

clinical antibiotic pressure, the acquisition of mobile genes 

that evolve progressively in environmental bacteria, rapid 

demographic changes, human and animal population 

movement, as well as agricultural, landscape, climate, and 

environmental changes. Giving more attention to how 

anthropogenic activities are influencing the evolution of 

antimicrobial resistance and broad, multisectoral and 
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interdisciplinary collaboration are key factors in addressing 

the rise of antibiotic resistance.  
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