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Abstract                                                                                                                                                  

Background: Pseudomonas aeruginosa (P. aeruginosa) is an environmental opportunistic 

organism, capable of causing variety of infections including nosocomial infections, it’s 

genetically designed to surpass the environmental challenges. These features made it to be the 

leading agent in causing the most resistant infections among the Gram-negative bacteria.                                                                                                                                      

Objective: To perform phenotypic testing of Pseudomonas aeruginosa strains to detect 

carbapenemase antibiotics resistance.                                                                                                                    

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 , standard bacteriological 

methods. Specimens were samples divided into two groups: patients’ specimens group and 

environmental specimens group. P. aeruginosa isolates were fully identified by morphology, 

biochemical tests, and pigment production. Phenotypic characters were noted, and carbapenems 

sensitivity was tested. Carbapenemase enzyme activity was detected using the modified Hodge 

test. 155 P. aeruginosa isolates were screened for carbapenem resistance using the standard disc 

diffusion method and implementing the antibiotics: imipenem, meropenem, and oxacillin.                                                                                                                                                                       

Results: From the 348 specimens investigated, 100 P. aeruginosa strains were identified. 100 

isolates were found carbapenem-resistant. There was a strong significant correlation between the 

antibiotics imipenem and meropenem inhibition zones (r = 0.762, p = < 0.001). However, there 

was no significant correlation between the antibiotic oxacillin inhibition zone and neither of 

imipenem and meropenem. Carbapenemase enzyme activity was positive among 36% of the 

strains tested, and 35% were resistant to imipenem. There was a significant negative correlation 

between oxacillin enzyme assay and the imipenem (r = - 0.313, p = < 0.01) and meropenem (r = 

- 0.309, p = < 0.001). Also, there was a strong significant positive relationship between oxacillin 

enzyme assay and meropenem enzyme assay (r = 0.510, p = < 0.001. On the other hand, there 

was no significant correlation between the other enzyme assays or with the antibiotics studied.                                                                                                                                               

Conclusion: Meropenem and imipenem may be used efficiently as a screening tool for 

detection of the ccarbapenemase antibiotic resistance in Pseudomonas aeruginosa strains.                                      
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Introduction                                                                                                                           
 

Antimicrobial resistance is a global problem that results in reduced efficacy of antimicrobial 

drugs, making infections treatment difficult, costly or even impossible. According to the World 

Health Organization (WHO), worldwide country situation analysis report released in April 2015,  

the antimicrobial resistance had been detected in all parts of the world. This fact adding to the 

given knowledge that resistance can be transmitted between bacteria made it crucial to study and 

monitor the emergence of resistance in all organisms specially those known to cause 

opportunistic and nosocomial infections, namely Pseudomonas aeruginosa. 

Chang and his colleagues (2015)1 reported that Pseudomonas aeruginosa is a leading cause of 

opportunistic infections that can be ominous in immunocompromized patients. The increasing 

isolation of P. aeruginosa strains, non-susceptible to most anti-pseudomonal agents, is due to a 

number of factors, including the presence of both intrinsic resistance and acquired resistance and 

the unreasonable utilization of antibiotics, which promotes the natural selection of resistant 

clones ). 

Antibiotics used for the treatment of pseudomonal infections are usually a combination of 

protein synthesis inhibitors aminoglycosides and cell wall synthesis inhibitors β-lactam 

accompanied with β-lactamase inhibitors, to minimize the possibility of emergence of resistant 

strains. One of the strongest antibiotics used in treatment of pseudomonal infections is the 

carbapenem group; a β-lactam antibiotics with thienamycin backbone, that have the ability to 

inhibit the cell wall synthesis by attacking the penicillin binding proteins. Carbapenems have a 

broad spectrum of antibacterial tendency and is used as a final course of action for the treatment 

of infections caused by multiresistant P. aeruginosa isolates. Since the emergence of 

Carbapenem resistance (CR), carbapenem antibiotics became less effective, leading to fewer 

options of treatment and limited outcomes. An essential for the advancement of viable treatment 

options is a detailed inception of the differing qualities of bacterial systems and mechanisms that 

underlie drug resistance2.                                                                                                                                    

In times where the emergence of antimicrobial resistance became a global problem, patients are 

faced with incurable infectious illnesses. Pseudomonas aeruginosa is notorious for being a 

nosocomial opportunistic organism that possesses multidrug resistance means. Having the ability 

to acquire and disseminate resistance; monitoring this organism’s molecular antimicrobial 

resistance pattern will give an evidence to make the necessary environmental and therapeutic 

arrangements for developing more treatment & prevention for patients.                                                                                                                                      

The aim of this study was to perform phenotypical testing of Pseudomonas aeruginosa strains to 

determine carbapenemase resistance.  

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  
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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. All 

specimens were investigated using convential , standard bacteriological methods. Specimens 

were samples divided into two groups: patients’ specimens group and environmental specimens 

group. 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 cultivated in a set of solid media: blood agar and Mac Conkey agar. The 

plates were incubated at 37° C overnight. All colonial growth was studied for colonial 

morphology of typical Pseudomonas species (large, flat colonies with irregular edges and a 

characteristic metallic cluster). The isolates were tested for non-lactose fermentation, pigment 

production and appearance on Mac Conkey agar (translucent pale colonies). Typical 

Pseudomonas odour was smelled with biosafety precautions. The isolates were Gram-stained and 

tested for motility and biochemical reactions using oxidase test, indole test, citrate test, urease 

test, oxidative/fermentative, nitrate reduction test, cetramide test, and triple sugar agar test. 

Pseudomonas aeruginosa was identified by a red slant/yellow butt reaction (dextrose 

fermentation), and a yellow slant/yellow butt reaction (dextrose, lactose and/or sucrose 

fermentation) in the triple sugar agar test.                                                                                            

Carbapenems sensitivity testing: The inoculum was prepared and standardized. Turbidity was 

adjusted to a turbidity equivalent to a 0.5 McFarland standard. Antibiotics were equilibrated to 

room temperature for 1-2 hours, Mueller-Hinton agar plates were swabbed with Pseudomonas 

aeruginosa, and imipenem, meropenem and oxacillin antibiotics were used to determine 

carbapenem resistance profile.  Inhibition zones were measured in millimeters as per 

manufacturer's instructions.  Pseudomonas aeruginosa was considered resistant if the zone of 

inhibition was 18 mm or less and it was considered sensitive if the zone of inhibition was more 

than 22mm.                                                                                                                                    

Carbapenemase enzyme detection: This was performed by the in-house direct carbapenemase 

enzyme assay (DCEA). Positive reaction was indicated by the change of the bromothymol 

indicator from brilliant blue to green and yellow color. Strong positive reaction is indicated by a 

yellow orange color while weak positive was indicated by greenish yellow color.                                    

Modified Hodge Test (MHT):  This is an in vivo enzyme detection method. Production of the  

carbapenemase enzyme will hydrolyze the β-lactam ring rendering the antibiotic ineffective and 

allows the growth of a carbapenem-susceptible strain towards a carbapenem disk. A positive 

MHT test has a clover leaf-like indentation within the disk diffusion zone.                                                  

All collected data were analyzed using the Statistical Package for Social Science (SPSS) 

program. Descriptive statistics were reported as mean ± SD for continuous variables and 

frequency (%) for dichotomous variables. To evaluate the relationship between different factors 

chi-square analysis was performed. Quantitative variables were compared using independent       
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t-test. Probability values (p-value) < 0.05 were considered statistically significant.  
 

Results 
 

Preliminary identification tests were performed on all isolates. A standard Pseudomonas 

aeruginosa was used as a control in all tests. The isolates were identified using morphological 

properties, biochemical reactions and pigment production. Clinical specimens investigated were 

250 urine specimens, 100 wound swabs, 20 sputum specimens, and 30 blood specimens. 110 

Pseudomonas aeruginosa strains were isolated from the urine specimens, 44 Pseudomonas 

aeruginosa strains were isolated from the wound swabs specimens, one Pseudomonas 

aeruginosa strain was isolated from the sputum specimens, and no Pseudomonas aeruginosa 

strain was isolated from the blood specimens                                                                                                     

155 Pseudomonas aeruginosa isolates were tested for carbapenem resistance using standard disc 

diffusion method, implementing the antibiotics: imipenem, meropenem and oxacillin.                  

100 Pseudomonas aeruginosa isolates were found carbapenem resistant. 46.3% of strains were 

imipenem resistant, 32.8% were meropenem resistant, and 97% were oxacillin resistant.                                                                                                                                                          

There was a strong positive significant correlation between the imipenem and meropenem 

inhibition zones (r (100) = 0.762, p < 0.001). However, there was no significant correlation 

between oxacillin inhibition zone and inhibition zones of neither imipenem or meropenem      

(Table (1). 

Table (1) : Meropenem and imipenem cross tabulation 

 

 

Imipenem 
Meropenem  

Total 
Resistant Sensitive Intermediate 

Resistant 

Sensitive 

Intermediate 

32 11 6 49 

0 9 0 9 

0 6 3 9 

Total 32 26 9 67 

 

The enzyme assay was designed to detect the resistant Pseudomonas aeruginosa isolates by 

mean of enzyme production. Regarding imipenem enzyme assay, 36% of the Pseudomonas 

aeruginosa isolates were found positive: 35% were resistant, 56% were intermediately resistant, 

and 33% were sensitive to imipenem. 33.3% of the imipenem enzyme positive strains were 

resistant to meropenem, 16.4 % were intermediately resistant to meropenem, and 33.3 were 

sensitive to meropenem. While 95% of the oxacillin resistant organisms were positive for 

imipenem enzyme assay.                                                                                                                                          

As regard meropenem enzyme assay, 43% of the samples investigated were meropenem enzyme 

assay positive: 24.1% were resistant, 20.7% were intermediately resistant, and 48.3% were 

sensitive to meropenem. 31.0% of the meropenem enzyme positive to Pseudomonas aeruginosa 

isolates were resistant, 20.7% were intermediately resistant, and13.8% were sensitive to 

imipenem. While 93.1% of the oxacillin resistant organisms were positive for meropenem  
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enzyme assay, and only 6.9% were sensitive.                                                                                                          

On the other hand, 34.3% of the samples investigated were oxacillin enzyme assay positive: 

8.7% were resistant, 17.4% were intermediately resistant, and 56.5% were sensitive to 

meropenem. 21.7% were resistant and intermediately resistant, and 17.4% were sensitive to 

imipenem. While 91.3% were resistant and only 8.7% were sensitive to oxacillin.                               

There was a significant negative correlation between oxacillin enzyme activity and imipenem    

(r (100) = - 0.313, p < 0.01). Also, there was a negative significant correlation between oxacillin 

enzyme activity and meropenem (r (100) = - 0.309, p < 0.001). Furthermore, there was a strong 

positive significant correlation between oxacillin enzyme activity and meropenem enzyme 

activity (r (100) = 0.510, p < 0.001. On the other hand, there was no significant correlation 

between the other enzyme activities and the antibiotics.                                                                                    

Regarding imipenem enzyme activity, 41.8% of Pseudomonas aeruginosa isolates were MHT 

positive: 50% were resistant to imipenem, and 14.3% were intermediately resistant and sensitive. 

Moreover, 35.7% of these isolates were resistant and sensitive, and 17.9% were intermediately 

resistant to meropenem. Interestingly, all imipenem positive MHT isolates were resistant to 

oxacillin. The cross tabulation between imipenem positive MHT and the enzymes activities 

showed that 42.9% of imipenem positive MHT were also positive for imipenem and meropenem 

enzyme activities,  and only 35.7% were positive for oxacillin enzyme activity.                                         

Furthermore, 44.8% of Pseudomonas aeruginosa isolates were found meropenem positive MHT. 

Half of Pseudomonas aeruginosa isolates were found resistant, 6.7% were intermediately 

resistant, and 30% were sensitive to meropenem. Also, 56.7% of Pseudomonas aeruginosa 

isolates were found resistant, 13.3% were intermediately resistant, and 13.3% were sensitive to 

imipenem. All Pseudomonas aeruginosa isolates that were Meropenem positive MHT were also 

resistant to oxacillin. Comparing the enzyme activities with positive MHT, 50% were found 

positive for meropenem, 46.7% were found positive for imipenem, and 30% were found positive 

for the oxacillin.                                                                                                                                                                          

44.8% of Pseudomonas aeruginosa isolates were found positive for oxacillin positive MHT. 

50% of these isolates were found resistant, 13.3% were found intermediately resistant, and 20% 

were found sensitive to imipenem. 43.3% of Pseudomonas aeruginosa isolates were found 

resistant, 6.7% were found intermediately resistant, and 36.7% were found sensitive to 

meropenem. All Pseudomonas aeruginosa isolates found oxacillin positive MHT were also 

found resistant to oxacillin.                                                                                                                                          

40% of Pseudomonas aeruginosa strains were positive to imipenem enzyme activity, 46.7% 

were found positive to meropenem enzyme activity, and 33.3% was found positive to oxacillin 

enzyme activity.                                                                                                                                                   

There was a strong significant positive correlation between meropenem positive MHT and that 

of oxacillin positive MHT (r (100) = 0.819, p < 0.001). However, there was no significant 

correlation between positive MHT and the other parameters (Fig. 1). 

Discussion 

The identification of bacteria in the clinical microbiology laboratory is conventionally performed 

by isolating the organism and studying it phenotypically by means of Gram staining, culture and  
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biochemical methods, which were the gold standard of bacterial identification3.                                                                                                                                                                 

Definitive clinical identification of Pseudomonas includes identifying the production of 

pigments, the grape-like scent (aminoacetophenone) in vitro and a characteristic of cytochrome 

oxidase enzyme production4. 

 
 

Fig. (1): MHT result of different antibiotics 

The phenotypic and morphological characteristics of the isolates in our study were consistent 

with the description of typical Pseudomonads per Cowan and Steel’s manual for the 

identification of medical bacteria and Bergey’s Manual for Systematic Bacteriology which 

define the genus as being Gram-negative, catalase positive, non-spore-forming, motile, 

unicellular with long axis straight or slightly curved rods. All of the colonies produced large non-

mucoid colonies5.                                                                                                                                               

One of the distinguishing features that differentiates Pseudomonads from enteric bacteria and 

was shared by all isolates was the positive reaction of oxidase test. This has resulted from the 

presence of cytochrome oxidase enzyme which is part of the energy production of the electron 

transport chain in these bacteria6.                                                                                                                         

In general, organisms can be resistant to antibiotics through a variety of mechanisms that 

include: structural barriers like cell wall permeability, lack of porins, presence of efflux pumps, 

lack or alteration of the target site, or through enzyme production. Pseudomonas aeruginosa 

strains are intrinsically resistant to many antibiotics. It is generally resistant to hydrophobic 

antibiotics for the same reason as other Gram-negative bacteria and presence of the 

lipopolysaccharide in the outer leaflet of the cell membrane. It shows intrinsic resistance to other 

β-lactam antibiotics and to lipophilic antibiotics which are able to cross the outer membrane of 

other Gram-negative bacteria to reach their targets, e.g. tetracycline, chloramphenicol and some 

fluoroquinolones, due to the presence of multiple efflux pumps systems7.                                                                                                                                                                  

The isolates in our study showed different antibiotic resistance towards imipenem and 

meropenem. This may be accounted for the profound structural differences between the two 

antibiotics. Imipenem and meropenem are synthetic derivatives of thienamycin. Structurally, 

meropenem is smaller in size than imipenem which gives it the advantage of fast transport 

through OMP D2. Comparative in vitro studies showed that meropenem is 2-16 folds more 

active than imipenem against Gram-negative bacteria8                                                                                         

In the clinical laboratory screening for carbapenem resistance is performed using either 

imipenem or meropenem. In this study, two thirds of the intermediately imipenem resistant  
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Pseudomonas aeruginosa strains were found sensitive to meropenem. This may open a debate on 

the possibility of a meropenem sensitive isolate to possess resistant genes for carbapenem and it 

may pass unnoticed. Carbapenems are some of the few strong antibiotics and it is considered the 

last resort of treatment for patients with various bacterial infections.                                                           

Carbapenem resistance has been detected since 1998 and started to disseminate worldwide 

posing a threat on the availability of an active antibiotics against resistant bacteria.                                                                                                       

In the present study, 43.3% of Pseudomonas aeruginosa isolates had hydrolyzed imipenem, 

35.8% had hydrolyzed meropenem, and 34.3% had hydrolyzed oxacillin in MHT.                                         

The MHT principle is based on the ability of a sensitive organism to grow in presence of an 

antibiotic that is being hydrolyzed by an enzyme producing organism when they are co-cultured 

together resulting in the distinctive indentation of growth in what it should be an inhibition zone. 

However, MHT needs at least overnight incubation for the results to be obtained and even then, 

each test is subjected to the environmental changes and physiological conditions of each isolate 

independently making the interpretation of the results more difficult.                                                            

P. aeruginosa is an environmental organism that has the ability to outcompete others organisms 

by secretion of antimicrobial chemicals using type VI secretion system or membrane vesicles 

(MVs)9                                                                                                                                                                    

In this sense, the use of MHT will not be reliable since it leads to false negatives and thus, the 

sensitivity and reliability of the MHT will be questioned. In the present context, there was some  

Pseudomonas isolates producing substances that inhibit the growth of the sensitive organism 

leading to a clear area around the Pseudomonas colonies and this had made the reading to the 

MHT impossible. CarbaNP test is another test developed to test for carbapenemase production 

using bacterial extracts10.                                                                                                                                         

A major disadvantage of the CarbaNP test is the complexity of the procedure and the relatively 

high cost, leading to its unavailability in most laboratories. The DCEA test is simple, less costly,  

effective, and fast in detecting the carbapenemase activity. The DCEA test is similar to CarbaNP 

test and it is based on the principle of carbapenem hydrolysis and a pH indicator to detect the 

presence of carbapenemases. The main differences between them are: the simplicity in 

preparation, the availability of reagents, the direct application of colonies without extraction,  

and the use of the indicator bromothymol blue.                                                                                                      

The bromothymol blue changes color depending on the pH, ranging from brilliant blue in 

alkaline pH, green in neutral pH, yellow in weak acid, and orange as acidity increases. The 

organism is considered negative if the color of the indicator remained unchanged or changed 

towards the blue alkaline color. Positive results are considered if the pH changes from green to 

yellow or orange. Organisms in the green range are considered weakly positive and those in the 

yellow range are considered positive, and those in the orange range are considered strong 

positive.                                                                                                                                                                   

This platform of results can help in recommending the appropriate treatment protocol.  It should 

be noted that this method can be used as a screening procedure for the detection of carbapenem 

enzyme production in general.                                                                                           

Conclusion: Meropenem and imipenem may be used efficiently as a screening tool for detection 

of the ccarbapenemase antibiotic resistance in Pseudomonas aeruginosa strains.                                      
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