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Abstract                                                                                                                                                  

Background: Studies on the determination and comparison of 16S rRNA sequences of 

Pseudomonas species resulted in the clustering of Pseudomonas into two groups: P. aeruginosa 

and P. fluorescens. Debates on the poor resolution of the phylogeny analysis with rrs gene 

sequences led to the idea of using other marker genes to characterize and classify Pseudomonas, 

such as gryB, rpoD, oprI, oprF and rpoB sequences. Using the combined gyrB and rpoD 

nucleotide sequences revealed that Pseudomonas strains are divided into two major intrageneric 

cluster (IGC) I and II.                                                                                                                                       

Objective: To perform molecular characterization of carbapenemase-producing Pseudomonas 

aeruginosa strains isolated from hospitalized patients in Khartoum (Sudan).                                                                                                                     

Materials and methods: 348 clinical specimens were collected from different sites 

depending on the type of infection. Environmental swabs were collected from the hospital wards 

and surgical theaters. All specimens were investigated using convential bacteriological methods. 

P. aeruginosa isolates were fully identified by morphology, biochemical tests, and pigment 

production. DNA extraction was performed using iNtRON genomic DNA extraction kit. To 

precipitate the DNA, 600µl of 70% Ethanol was added and gently mixed, the tubes were then 

centrifuged at 13,000rpm for 1 min at room temperature. Target carbapenemase genes in this 

study were class A carbapenemase blaKPC, class B metallo β-lactamase blaVIM and blaNDM as well 

as class D oxacillinase blaOXA-48. Real-time PCR protocol was carried.                                                                                                                                                

Results: Collectively 100 P. aeruginosa isolates were included in this study. Only the samples 

that were resistant, intermediately resistant or marginal resistant to the antibiotics (Meropenem, 

Imipenem and Oxacillin) were included in the molecular studies. 49% of the selected specimens 

were positive for blaKPC, 31% were positive for blaNDM,  and 22% were positive for blaOXA-48. 

While only 9% were positive for blaVIM-2                                                                                                                                                

Conclusion: It is necessary to use molecular detection methods in national surveillance and 

epidemiological studies of Pseudomonas aeruginosa.                                                                                     
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Introduction                                                                                                                           
 

Pseudomonas aeruginosa is extremely versatile biochemically, and can propagate in an 

extraordinary assortment of environments, including eye drops, soaps, sinks, anesthesia and 

resuscitation equipment, fuels, humidifiers and even stored distilled water, which is evidence of 

its minimal nutritional requirements. Its diverse properties made Pseudomonas a prime partaker 

in the process of demineralization of organic matters. This property was highlighted by the 

researcher den Dooren de Jong in Beijirenck’s laboratory in 1926. This work gave an insight on 

the biochemical ingenuity of the organism1                                                                         

Pseudomonas species were split into two subclusters: ‘P. aeruginosa complex’ (P. aeruginosa, 

P. alcaligenes, P. Citronellolis, P. mendocina, P. oleovorans and P. pseudoalcaligenes)and                                     

‘P. stutzeri complex’ (P. balearica and P. stutzeri). They were further split into 3 subclusters:   

‘P. putida complex’, ‘P. syringae complex’, and ‘P. fluorescens complex. The ‘P. putida 

complex’ included P. putida and P. fulva. The ‘P. syringae complex’ included the cluster of 

phytopathogens (P. amygdali, P. caricapapayae, P. cichorii, P. ficuserectae, P. viridiflava,       

P. savastanoi pathovars and P. syringae). The ‘P. fluorescens complex’ was further divided into 

two subpopulations: ‘P. fluorescens lineage’ and ‘P. chlororaphis lineage’. The ‘P. fluorescens 

lineage’ contained P. fluorescens biotypes A, B and C, P. azotoformans, P. marginalis 

pathovars, P. mucidolens, P. synxantha and P. tolaasii, while the ‘P. chlororaphis lineage’ 

included P. chlororaphis, P. agarici, P. asplenii, P. corrugata, P. fluorescens biotypes B and G 

and P. putida biovar B2                                                                                                                                          

P. aeruginosa produces three types of colonies: colonies isolated from clinical specimens 

yielding large, smooth colonies, with flat edges and an elevated center; and colonies isolated 

from natural sources producing small rough convex shapes. Some P. aeruginosa isolates were 

found to be mucoid due to their capacity to produce slimed layer and it is generally found in the 

respiratory isolates particularly cystic fibrosis patients. Pigment production is a trait that is useful 

for phenotypic characterization of Pseudomonas. The pigments may be soluble in water and 

diffusible into the culture medium, or they may remain associated with the cells. The most 

abundant pigment of all is the fluorescent pigments that are water soluble, strong iron chelators, 

and allow growth in low iron content media. A distinctive feature of P. aeruginosa is the 

pyocyanin pigment which is a derivative of phenazine that is toxic to host cells. Other pigments 

produced are pyoverdin; pyorubin, pyomelanin and pyoverdin (yellow/green)3                                                       

P. aeruginosa possess one of the largest bacterial genomes analyzed currently. Its genome size 

varies between 5.5 and 7 Mbp. This large size results from genetic complexity rather than gene 

duplication. Most of the predicted open reading frames in Pseudomonas have a high G+C 

content (66.6%) forming a characteristic of the whole genome. The large proportion of the 

genetic frame of Pseudomonas is responsible for its interaction with the environment. It contains 

the highest proportion of regulatory genes observed for a bacterial genome and a large number of 

genes involved in the catabolism, transport, and efflux of organic compounds as well as four 

potential chemotaxis systems. This large genome size and complexity reflect the physiologic 

adaptability of P. aeruginosa to thrive in a large variety of habitats4.                                                                                                                                              
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Materials and methods                                                                                                                  
 

This was a hospital-based, case-finding study conducted among patients with bacterial infection 

admitted to Omdurman Military Teaching Hospital, Khartoum Teaching Hospital, Ribat National 

Teaching Hospital, and Khartoum North Teaching Hospital (Khartoum State, Sudan). The study 

duration was two years from July 2015 to April 2017. The study was approved by Al Neelain 

University (Khartoum, Sudan). Permission to collect the specimens was taken from authorities of 

Omdurman Military Teaching Hospital, Khartoum Teaching Hospital, Ribat National Teaching 

Hospital, and Khartoum North Teaching Hospital. Informed consent was obtained from each 

patient for the purposes of the current study. Data were collected through an interview using a 

self administered questionnaire.                                                                                                                       

348 clinical specimens were collected from different sites depending on the type of infection. 

Environmental swabs were collected from the hospital wards and surgical theaters. The sample 

size was determined as per the equation: (N= t2*P (1-p)/M2). The inclusion criteria were all 

organisms identified as Pseudomonas species and showing resistance to any of the antibiotics: 

imipenem, meropenem, and oxacillin; as well as Pseudomonas species showing intermediate 

resistance to these antibiotics. All specimens were investigated using convential bacteriological 

methods, and were fully identified by morphology, biochemical tests, and pigment production.                                                                        

DNA extraction:  P. aeruginosa isolates producing the carbapenemase enzyme were subjected to 

DNA extraction using iNtRON genomic DNA extraction kit. The isolates were first cultivated in 

nutrient agar and incubated at 37°C overnight aerobically. A 300 µl of heavy organism 

suspension was prepared in a 1.5ml tube and prepared to be extracted. The extraction kit 

consisted of a washing buffer, lysis buffer, protein precipitation solution and rehydration solution 

as well as 70% ethanol. All the materials were brought to room temperature before use. A 

volume of 900µl washing solution was added to the prepared sample to remove all media 

artifacts and metabolic products of the organism. It was vortexed sufficiently, the mixture was 

incubated for 10 min. on ice, and centrifuged at 13,000 rpm for 30 sec to obtain clean cell pellets. 

The supernatant solution was removed and the cell pallet was suspended in 600 µl of lysis buffer. 

To enhance lysis, the lysate was incubated in a sonication water bath at 65°C at  a frequency of 

50 KHZ for 10 minutes. To prevent the protein contamination, 200 µl of protein PPT buffer were 

added, vortexed for 10 sec, and incubated in an ice bath for 5 min. After incubation, the samples 

were centrifuged at 13,000 rpm for 5 min. at room temperature. Supernatant was then transferred 

to a fresh 1.5 tube, and 600 µl of isopropanol were added and mixed well. The mixture was 

centrifuged at 13,000 rpm for one minute at room temperature. To precipitate DNA, 600 µl of 

70% ethanol was added and gently mixed. Tubes were centrifuged at 13,000 rpm for one min. at 

room temperature. Ethanol was removed and DNA pallet was dried. For DNA rehydration 100 

µl of DNA rehydration solution was added to tubes, and samples were stored at -20°C. 

Experiment Design:  Target carbapenemase genes investigated in this study were class A 

carbapenemase blaKPC, class B metallo β-lactamase blaVIM,  and blaNDM,  as well as class D 

oxacillinase blaOXA-48  gene. Primers used were after Monteiro and his colleagues5 (Table 1).     

The test reaction was set to a volume of 25 µl and 5 µl master mix, 1µl of forward and reverse 

primers were used. The amount of eva green dye used in the reaction varied per the amplicon  
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size: 2µl for blaKPC, 1.5µl for blaOXA-48 , and 1µl for blaVIM and for blaNDM . 0.3 µl of the DNA 

template was used and the rest of the reaction’s volume was doubled by distilled water.                         

Pooling volume per the tested samples was used to minimize pipetting errors. The test was 

conducted using 0.2 ml PCR tubes.                                                                                                                                                                                                                                                                          
 

Table (1): Primers sequence 

Genes Primer Sequence 

blaOXA-48 OXA-48-F 5'-  GCGTGGTTAAGGATGAACAC-3' 

OXA-48-R 5'-  CATCAAGTTCAACCCAACCG-3' 

KPC KPC-Fm 5'  -CGTCTAGTTCTGCTGTCTTG-3' 

KPC-Rm 5'-CTTGTCATCCTTGTTAGGCG-3' 

VIM VIM-F 5'-GATGGTGTTTGGTCGCATA-3' 

VIM-R 5'-CGAATGCGCAGCACCAG-3' 

NDM NDM-F 5'-GGTTTGGCGATCTGGTTTTC-3' 

NDM-R 5'-CGGAATGGCTCATCACGATC-3' 

 

Real-time PCR technique:  Using Sacycler 96 insterument of Sacacae biotechnology, real-time 

PCR protocol was carried out under the following: Hot start 94Cᵒ for 10 min; with number of 

cycles 40 and the loop steps were as follow: Denaturation at 94Cᵒ for 45 seconds, annealing at 

52Cᵒ for 45 seconds and elongation 72Cᵒ for 30 seconds which included the fluorescent data at 

acquisition 533nm filter, a final elongation step was set to be at 72C˚ for 10 min. After the end of 

the polymerization cycles; melting curve step was added to start from 65Cᵒ gradually increasing 

by 0.1C/s to 95C, with the fluorescence data acquisition every 1 second.                                                                                                       

Results  
 

49% of the selected samples were positive for blaKPC, 31% were positive for blaNDM, and 22% 

were positive for blaOXA-48 ; while only 9% were positive for blaVIM-2. Strong positive samples 

were indicated by high concentration of the product and fluorescent reading of the qPCR 

machine. blaKPC. Among the KPC positive organisms, 51% were resistant to imipenem, 9% were 

intermediately resistant, and 12.1% were sensitive to imipenem. Also, among the KPC positive 

organisms, meropenem resistance was 41%, intermediate resistance was 15.2% and 33.3% were 

sensitive to meropenem. While all KPC positive Pseudomonas species were resistant to 

oxacillin.                                                                                                                                                                        
Furthermore, among blaKPC, 54% of positive Pseudomonas strains were positive for imipenem 

enzyme assay, 55% of meropenem positive were positive Pseudomonas strains to blaKPC, and 

43% of oxacillin positive Pseudomonas strains were positive to blaKPC. On the other hand, 17.9% 

of all Pseudomonas strains were positive to blaKPC and negative to the other genes. 33.3% of 

these strains were resistant to imipenem, 25% were resistant to meropenem, and all strains were 

resistant to oxacillin. The enzyme assay showed that 33.3% of Pseudomonas strains were  
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Fig. (1): Real time PCR Eva green fluorescent detection 

 
 

positive for imipenem enzyme, 41.7% were positive for meropenem, and only 25% were positive 

to oxacillin.                                                                                                                                                                                                                                                                                                                           
In the blaNDM; 31.3% of Pseudomonas strains were positive. Strong positive samples were 

indicated by the concentration of the PCR product and fluorescent reading. Within the positive 

blaNDM,  61.9% were resistant to imipenem, 4.8% were intermediately resistant, and 4.8% were 

sensitive to imipenem. The blaNDM  positive gene showed a low resistance frequency rate to 

meropenem, 47.6% of them were resistant to meropenem, 9.5% were intermediately resistant, 

and 19% were sensitive to meropenem. All the blaNDM  positive Pseudomonas strains were 

resistant to oxacillin.                                                                                                                                 

Enzymes assays also revealed that 47.6% of blaNDM  positive Pseudomonas strains were positive 

to meropenem enzyme assay, 38.1% were positive to imipenem enzyme assay, and 33.3% were 

positive for oxacillin enzyme assay. The modified Hodge test (MHT) showed that 52.4% of the 

blaNDM  positive strains were positive to imipenem MHT, 81.0% were positive to meropenem 

MHT, and 76.2% were positive to oxacillin MHT.                                                                                              

10% of Pseudomonas strains were positive for blaNDM, all of them were resistant to oxacillin, 

marginally resistant for imipenem, 30% of them were sensitive to meropenem, and 70% were 

marginally resistant to it. 30% of these organisms were positive for the enzyme assay if the three 

substrates. All the organisms were negative for imipenem MHT and 70% were positive for 

meropenem MHT and 30% were negative for oxacillin MHT. In the blaVIM-2 9% of the strains 

were positive. Strong positive strains were indicated by the concentration of PCR product and 

fluorescent reading.                                                                                                                                        

Among the blaVIM-2 83.3% were resistant to imipenem and none of the blaVIM-2 positive strains 

were sensitive to imipenem. 66.7% were resistant to meropenem, 16.7% were intermediately 

resistant, and sensitive for meropenem, and none of the blaVIM-2 positive organisms were 

marginally resistant to meropenem. All the blaVIM-2 positive organisms were resistant to oxacillin.                  
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Among the blaVIM-2 positive Pseudomonas strains, 50% were positive for meropenem enzyme 

assay, 16.7% were positive for imipenem enzyme assay, and none were positive to oxacillin 

enzyme assay.                                                                                                                                                           

Among the blaOXA-48 gene, 21% of the samples were found positive. Strong positive samples 

were identified by the concentration of the PCR product and fluorescent readings. Among the 

blaOXA-48 gene, 73.3% were resistant to imipenem, 13.3% were intermediately resistant to 

imipenem, and none of the blaOXA-48 were sensitive to imipenem. 40.0% of positive 

Pseudomonas strains were resistant to meropenem, and 33.3% were intermediately resistant, 

while only 6.7 % were sensitive to meropenem. 93.3% were resistant, and 6.7% were sensitive to 

oxacillin.      
 

Table (1): Real-time PCR summary 
 

 

Genes 
Resistant Intermediate Sensitive Sensitive 

IM ME OX IM ME OX IM ME OX 

blaKPC 51% 41% 100% 9% 15.2% 0% 12.1% 33.3% 0% 

blaNDM 61.9% 47.6% 100% 4.8% 9.5% 0% 4.8% 19% 0% 

blaVIM-2 83.3% 66.7% 100% 0% 16.7% 0% 0% 0% 0% 

blaOXA-48 73.3% 40% 93.3% 13.3% 33.3% 0% 0% 6.7% 6.7% 

IM = Imipenem - ME = Meropenem - OX = Oxacillin 

All the enzyme assays yielded 46.7% positive reaction among the blaOXA-48 positive 

Pseudomonas strains. Imipenem MHT positive results were 46.7% among the blaOXA-48 positive 

strains, and 60% positive among both meropenem and oxacillin.                                                                 

Data analysis: The Sacycler instrument used in this study automatically measures the optical 

density of the accumulated product of PCR amplification during the different reaction 

temperature cycles. Mathematical analysis using the threshold (Ct) method, determines the 

number of reaction cycles (threshold cycle) on which the amplification curve crosses the 

threshold line. The curve shape (Cp) method, is based on mathematical analysis of the DNA 

accumulation curve shape. The qualitative analysis, carried out with a relevant mathematical tool 

is based on evaluation of kinetics of PCR. Statistical analysis was carried out using the Statistical 

Package for Social Science (SPSS) program. Statistical method were selected to demonstrate the 

significance of the analysis. All collected data were analyzed using descriptive statistics and 

were reported as mean ± SD for continuous variables and frequency (%) for dichotomous 

variables. To evaluate the correlation between different factors, chi-square analysis was 

performed. Quantitative variables were compared using independent t-test. Probability values (p-

value) < 0.05 were considered statistically significant.                                                                                 
 

Discussion                                                                                                                                              
 

Genes encoding for carbapenem resistance had been discovered only one year after the release of 

the first carbapenem antibiotic imipenem for clinical use in 1987. Theoretically, the presence of  
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these genes were a result of evolution in the organisms as a survival response to the new faced 

threat since most of the antibiotic producing organisms live in the environment e.g. soil. These 

genes were already existed and were only triggered after being subjected to the selected 

antibiotic pressure. However, the presence of a resistance gene doesn’t always mean that the 

organism is resistant to its conforming antibiotic6.                                                                                         

Analysis of individual cases in this study showed that 10% of the isolates may have one or more 

carbapenem resistance genes and yet they were sensitive to both meropenem and carbapenem. 

This can be explained by the cellular processes that control the rates of gene expression.                                 

A complex set of interactions between genes, RNA molecules, proteins (including transcription 

factors) and other components of the expression system will determine when and where specific 

genes are activated, and the amount of protein or RNA product produced. Other reasons may 

include mutation, low expression or down regulation by other factors.                                                                 

5% of all isolates in the current study were found resistant to both meropenem and imipenem, yet 

they were negative for enzyme production, for MHT, and for the target genes in qPCR. Since 

Pseudomonas has different mechanisms of resistance (like the presence of efflux pumps, 

decrease of cell wall permeability, and alteration of the binding site) it is not odd to find a 

resistant strain that has no genes encoding for enzymatic resistance. This information can be 

useful in the determination of the treatment plan, if the mechanisms of resistance to a 

combination of antimicrobial agents are different. The chance of a resistant mutant strain to 

either antimicrobial agents is much lower than the chance of its being resistant to all of them.     

kpc is the most abundant gene, so there is a close relation between Klebsiella and Pseudomonas 

strains for the tendency of gene transfer between them due to the presence of shared plasmids. 

VIM intigron chances of spread is lower than the plasmid mediated and inter-species distribution 

is not common for the integron to be transferred. The bacterial cell should be lysed to release the 

integron free in the environment7.                                                                                                                   

Many factors have contributed to the chronicle of antimicrobial resistance in Sudan. The state of 

presence of the genes selected in the present context is ambiguous due to lack of antimicrobial 

resistance surveillance programs, absence of reporting policies in health care establishments, and 

scarcity of scientific publications on the subject.                                                                                                   

Since the emergence of the first carbapenem resistance in the world, it was inevitable to have 

these genes spreading across the world due to globalization resulting from the fast and easy 

movement of people across continents. What determine the severity and evaluates the situation 

of a country is the conducting of continuous epidemiological surveillances and reporting any 

emerging resistance. This study confirmed the presence of four carbapenem resistance genes: 

blaKPC, blaNDM, blaOXA-48 and blaVIM of Pseudomonas aeruginosa. These genes are considered the 

baseline for future studies and surveillance programs in Sudan.                                                                     

The arbitrary use of antibiotics contributes directly to this problem. Antibiotics are purchased 

from countertops without prescription, and most of the prescribed antibiotics were not  

administered. The increase in antimicrobial resistance may result from lack of everyday cleaning, 

not controlling antibiotics dosage, and excess antibiotics are excreted through urination in the 

environment. When organisms are subjected to low antibiotics doses that are not enough to kill  
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them will lead to natural selection of resistant strains8.                                                                                             

More than thirty years had elapsed since the last discovery of a new antibiotic class. Research in  

antibiotics and pharmaceutical production of antibiotics is decreasing. Because of antibiotic 

resistance, it is unfeasible to produce new antibiotics because resistance will radially emerge. 

The last antibiotic was discovered by Daptomycin in 2004 and unfortunately its resistance had 

developed in 2005. Almost a decade ago, no new antibiotic was released in the market9. 

Recommendations:  From this study it may be recommended to increase the laboratory capacity 

to accommodate detection and reporting of antibiotic resistance. This can be achieved by training 

of laboratory personnel and upgrading of laboratory facilities. It is also recommended to create 

comprehensive policies and plans to face the antimicrobial resistance on various levels. It is 

important to encourage antibiotics research studies.                                                                                  

Conclusion: It is necessary to use molecular detection methods in national surveillance and 

epidemiological studies of Pseudomonas aeruginosa.                                                                                     
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