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Abstract 

Background 

Carbapenems are the most important therapeutic options that effect against serious infections caused by 

multidrug resistant Pseudomonas aeruginosa isolates; however recently carbapenems resistant isolates of 

P.aeruginosa are increasing worldwide. It is often due to the impermeability that arises via the loss of the 

OprD porin, the overproduction of an active efflux pump system, and the production of carbapenem-

hydrolyzing ß-lactamase 

Objectives:  This study aimed to detect oprD gene among carbapenem resistance P. aeruginosa clinical 

isolates using conventional PCR technique during the period from September 2018 to August 2021.   

Methods: Hundred carbapenem resistance Pseudomonas aeruginosa clinical isolates were collected from 

different specimens from Soba Hospital, Fedail Hospital and Military Hospital for this study in Khartoum 

State, Sudan. All isolates were re-identified using conventional bacteriological techniques and their 

susceptibility to carbapenem was tested using Kirby-Bauer method for confirmation. All isolates were 

investigated for the presence of oprD gene using polymerase chain reaction (PCR).  

Results:  Of the 100 clinical isolates, the oprD gene expressed in 10 (10%) isolates and it was not detected 

among the remainder (90%), the higher percentage was found among the isolates from wound swabs 5 

(50%), whereas it was not detected among the isolates from high vaginal swabs, nibble discharge and 

sputum samples (P value = 0.02). 

Conclusions:  The oprD gene was not detected among the vast majority of isolates such findings can 

supports the idea that the basic mechanism of carbapenem resistance could be via the loss of oprD porine 

gene. 
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of entry. 
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Introduction  

Pseudomonas aeruginosa is a motile, non-

fermenting, gram negative opportunistic 

bacterium which it responsible for many different 

infections in patients with compromised host 

defenses (e.g., cancer, burn, HIV, and cystic 

fibrosis) [1]. Intensive care unit (ICU) 

hospitalized patients constitute one of the risk 

groups that are more susceptible to acquire 

pseudomonas infections as they may develop 

ventilator-associated pneumonia (VAP) and 

sepsis [2–4]. Moreover, increasing emergence of 

multidrug-resistant P. aeruginosa (MDR PA) 

isolates during therapy is critical problem which is 

reported in 27%– 72% of patients with initially 

susceptible P. aeruginosa, leading to increased 
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health care costs and prolonged hospitalization 

[5]. Furthermore virulent P.aeruginosa is 

frequently life-threatening and often challenging 

to treat because it expresses a combination of 

bacteria-associated factors (intrinsic and acquired 

antimicrobial resistance, expression of different 

virulence factors [5].  

It has become increasingly clear that resistance 

development in P. aeruginosa is multi- factorial, 

with mutations in genes encoding porins, efflux 

pumps, penicillin-binding proteins, and 

chromosomal β-lactamase, all contributing to 

resistance to β-lactam, carbapenems, 

aminoglycosides and fluoroquinolones [6]. 

Carbapenem antibiotics are recognized as one of 

the most potent agents with activity against 

Pseudomonas aeruginosa and remain important 

for the therapy of serious infections due to these 

pathogens. The mortality associated with 

carbapenem resistance P.aeruginosa infections is 

high (20% to 50%),making optimal and timely 

treatment is essential [7]. 

Recently, however, the strains with resistance to 

carbapenems have been increasing among clinical 

isolates of P. aeruginosa. resistance to 

carbapenems in Pseudomonas aeruginosa is often 

due to impermeability that arises via the loss of 

OprD porin, the over production of an active 

efflux pump system, and the production of 

carbapenem-hydrolyzing ß-lactamase [8]. 

 The oprD-coding gene was mapped between 71 

and 75 min on the P. aeruginosa PAO1 

chromosome, and the OprD protein was shown to 

be coded by 1332-bp nucleotides [9,10]. Outer 

membrane protein OprD is considered the 

preferred portal of entry for carbapenems and 

similar drugs such as imipenem and meropenem 

also enter the cell via OprD . Any loss of OprD 

expression from the outer membrane significantly 

decreases the susceptibility of P. aeruginosa to 

carbapenems and has been shown to play a major 

role in the acquired resistance to imipenem and, to 

a lesser extent, meropenem [11].  Terzi et al. 

(2015) suggested that loss of OprD might be the 

first antibiotic resistance mechanism induced by 

selective pressure of carbapenem [11]. So, this 

study aimed to detect the presence of oprD gene 

encoding carbapenem resistant pseudomonas 

aeruginosa by using molecular technique.   

Materials and methods 

Study Design and setting  

A descriptive cross sectional study was conducted 

in different Khartoum State hospitals, (Omdurman 

Teaching Hospital, Fedail Hospital and Soba 

Teaching Hospital) during the period from 

November 2018 to November 2019. Hundred 

(100) Carbapenem (Meropenem and Imipenem) 

resistant Pseudomonas aeruginosa clinical 

isolates were obtained from different specimens 

including: wounds, urine, sputum, ear swabs, high 

vaginal swabs and nibble discharge were included 

in this study.  

Phenotypic methods 

The fresh cultured colonies of the clinical isolates 

were sub-cultured on nutrient agar and 

MacConkey agar media to ensure purity and 

optimum growth. Then they were re-identified 

using routine culture techniques and their 

susceptibility to carbapenems were tested using 

Kirby-Bauer method for confirmation.
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DNA extraction: 

Bacterial DNA was extracted by using boiling 

method. All bacterial strains were sub cultured on 

nutrient agar and the overnight pure bacterial 

growth were used. Three colonies were emulsified 

in Eppendorf tubes containing 200µl of distilled 

water and boiled at 100 ºC for 30 minutes then 

centrifuged at 12000 rmp for 15 minutes. The 

supernatant containing DNA was transferred to 

new Eppendorf tubes and stored at - 20°C [12]. 

PCR amplification procedure 

PCR was carried out for all isolates by using 

specific primer for oprD gene 

F5`GGGGTGTTTTCGCAGAGTA3`, 

R5`ATCACAGTAAGAGGGGCC3`, 1780 bp, 

amplification was performed at final volume 25 µl 

(5µl Master mix, 5µl from DNA, 2µl primer and 

13µl D.W) [13]. 

The PCR cycling conditions were as follows: 2 

min of denaturation at 98 0C and 30 cycles of 

denaturation at 950C for 30 sec, annealing at 550C, 

for 30 sec, and extension at 720C for 3 min. PCR 

Thermocycler machine (Promega, German) was 

used [13].  

PCR products was separated on 1.5% agarose gel 

by electrophoresis to detect specific amplified 

product by comparing with standard molecular 

weight marker 100 base pair (DNA ladder). 5µl of 

PCR product was loaded into the well. 

Electrophoresis was carried out at 100 Volts, 60 

AMP for 30 minutes. The amplified products of 

the study samples were visualized by Trans-

illuminator Photographed by a digital camera 

(German) and transferred to computer data for 

labeling and storage. 

Statistical analysis  

Data was analyzed using SPSS 21. Frequencies 

and percent were obtained for frequency tables, 

Chi-squared test was used for goodness of fit. The 

relationships between variables tested were 

obtained using cross tables and Chi-squared 

(Fisher exact) test for independence. P-value 

≤0.05 was considered as significant. 

Ethical consideration  

The approval and informed consent were obtained 

from Al-Neelain University Ethical committee 

and informed consent was taken from the hospitals 

included in this study. 

Results  

Hundred (100) carbapenem resistant 

P.aeruginosa clinical isolates were collected 

from different hospitals in Khartoum State. 

They had been isolated from different clinical 

samples as represented in Table (1). Their 

identification was confirmed using 

conventional bacteriological techniques and 

their resistance to carbapenem (imipenem and 

meropenem) was confirmed using Kirby-Bauer 

method.  

Based on conventional PCR results (Figure 1), 10 

out of 100 (10.0%) carbapenem resistant P. 

aeruginosa clinical isolates were positive for 

oprD gene as in Figure (2) 

The frequency of oprD gene among the clinical 

isolates according to type of specimens was 

represented in Table (2) (P value= 0.02). 
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Table (1): Distribution of Pseudomonas aeruginosa clinical isolates according to type of specimens 

Specimens Frequency (%) 

Wound swab 56 (56.0) 

Urine 23 (23.0) 

High vaginal swab 11 (11.0) 

Sputum 6 (6.0) 

Ear swab 3 (3.0) 

Nibble discharge 1 (1.0) 

Total 100 (100.0%) 
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Figure 2: Percentage distribution of oprD gene among P.aeruginosa clinical isolates 

 

Table 2: Frequency of oprD gene among P. aeruginosa clinical isolates according to type of specimens  

Negative Positive

90

10

Type of sample 

 

Result 

Positive (No %) Negative (No %) 

Wound swabs 5 (9.8) 51 (91.1) 

Urine 3 (13.0) 20 (86.9) 

High vaginal swabs 0 (0.0) 11 (100) 

Sputum 0 (0.0) 6 (100) 

Ear swabs 2 (66.7) 1 (33.0) 

Nibble discharge 0 (0.0) 1 (100) 

P value= 0.02 
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Discussion 

Due to the increase in multi-drug resistant P. 

aeruginosa infections, a greater emphasis has 

been placed on identifying genetic characteristics 

underlying bacterial resistance and the clinical 

implications of these mutations [14]. 

In the present study it was found that among the 

total (n= 100) clinical isolates, the most 

common isolates were from wound swab 

specimens this is may be due that Pseudomonas 

aeruginosa is most commonly associated with 

wound infections [15]. 

Outer membrane protein OprD is considered the 

preferred portal of entry for carbapenems and 

similar drugs such as imipenem and meropenem 

also enter the cell via OprD [16]. Any loss of 

OprD expression from the outer membrane 

significantly decreases the susceptibility of P. 

aeruginosa to carbapenems and has been shown to 

play a major role in the acquired resistance to 

imipenem and, to a lesser extent, meropenem [17]. 

Our study showed that oprD expression was 

negative in the majority of P. aeruginosa isolates 

(90%) and it may be played a significant role in 

their carbapenem resistance, similar study done by 

Fournier et al. (2013) in Franch public hospital, 

they detected loss of OprD, as a result of 

mutations or gene disruptions in 94 out of 109 

(86.2%) imipenem-resistant P. aeruginosa 

isolates [18]. Also, other study in Bulgarian 

hospitals showed that OprD expression was 

decreased in the vast majority of 29 multi-drug 

resistant P. aeruginosa isolates (97%) and played 

a significant role in their carbapenem resistance 

[19].  Other study done by Sanbongi et al., (2009) 

in Japan that studied a total of 99 clinical isolates 

of metallo-ß-lactamase-negative Pseudomonas 

aeruginosa for their susceptibilities to 

carbapenem agents and corresponding oprD gene 

mutations. The OprD sequence of each strain was 

grouped into two major classes, based on the 

pattern of alterations. Eighty strains (80.8%) were 

so-called ‘full length type’,whose OprD proteins 

were fully encoded. The remaining 19 strains 

(19.2%) were so-called ‘defective type’, which 

possessed deletions or major alterations that might 

cause conformational changes in the OprD porin 

protein. The changes in ‘defective type’ strains led 

to 15-, 17- and 23-fold increases in the geometric 

mean MIC for imipenem, meropenem and 

biapenem compared with ‘full length type’ strains, 

respectively [20].  

The present study found that the frequency of 

oprD gene was significantly associated with the 

type of samples (P value=0.02), the oprD gene 

was not detected among 91.1% of isolates from 

wound specimens and completely did not express 

among high vaginal swabs (n=56), sputum (n=6) 

and nibble discharge (n=1). This indicates that 

these specimens may harper isolates with OprD 

protein deficient which may conferred 

carbapenem resistant to them. 

Conclusion 

The present study concluded that the vast majority 

of isolates did not show the presence of oprD gene 

which it reflects the absence or deletion of OprD 

protein among these isolates. And this is may be 
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considered the main mechanism of carbapenem 

resistant among these clinical isolates. 
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