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ABSTRACT 

The evaluation of the combined effects between the antibiotics against P. 

aeruginosa is among the efforts to counteract its antimicrobial resistance. This study 

aimed to evaluate the possible combined effect of colistin or polymyxin-B with 

carbapenem antibiotic group against clinical isolates of multi-drug resistant P. 

aeruginosa. Strains were isolated from biological samples of hospitalized and non-

hospitalized patients with any type of infection related to this pathogen. Only 

carbapenem-resistant strains were included in the study. After determining the 

minimum inhibitory concentration (MIC) of antibiotics against the strains by broth 

microdilution test, the checkerboard method was used for evaluation of any possible 

effect of both colistin or polymyxin-B with imipenem or meropenem. Fifty-nine strains 

of reduced susceptibility to carbapenems were recovered. It was noted that (45.7%) of 

strains had an imipenem MIC=1024 µg/ml and (28.8%) had a meropenem MIC=512 

µg/ml. The checkerboard technique demonstrated that the ten representative strains 

showed reductions in their minimal inhibitory concentration (MIC) for at least one of 

the antibiotics in the combinations evaluated. These results from the in vitro evaluation 

suggest that combinations of colistin and polymyxin-B may significantly reduce the 

MICs of the carbapenem antibiotics tested.  
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1. Introduction 

P. aeruginosa is the most frequently recovered Pseudomonas strain from clinical 

specimens and is among the top three causes of opportunistic human infections. 

Infections due to P. aeruginosa are characterized by longer hospitalization periods and 

high health care costs (Stover et al., 2000). Infections due to this bacterium frequently 

cause pneumonia and lower respiratory tract infections. It also causes chronic lung 

infections in patients with cystic fibrosis, urinary tract infections, gastrointestinal, septic 

shock, bacteremia, septicemia, bone, and joint infections, skin, and soft tissue infections 

(El Zowalaty et al., 2015). Carbapenems have widely been used as the mainstay for the 

treatment of severe infections caused by Pseudomonas aeruginosa. This is because they 

can easily permeate through the porins on the outer membrane of these microorganisms. 

Unfortunately, a carbapenem-resistant P. aeruginosa (CRPA) has now emerged and is 

disseminating worldwide (Hong et al., 2015). The development of resistant bacterial 

strains during monotherapy may be a problem and consequently, dual antimicrobial 

coverage is often employed (Korvick and Yu, 1991). Combination therapy is used to 

expand the antimicrobial spectrum, minimizing toxicity, preventing the emergence of 

resistant mutants during therapy, and obtaining synergistic antimicrobial activity. (Song 

et al., 2003). As few new drugs are available to combat P. aeruginosa infections, there 

has been a return to the use of older drugs such as polymyxins that had previously fallen 

out of favor due to wide reports of toxic side effects (Livermore, 2002). Despite the 

reports of nephrotoxicity and neurotoxicity, for patients with CF suffering recurrent 

infections of multidrug-resistant bacteria, colistin (a polymyxin drug) has for the past 15 

years been routinely administered via inhalation (Falagas and Kasiakou, 2006), 

demonstrating that the antibiotic resistance problem has been influencing therapeutic 

choices for many years. Polymyxin B and colistin are the two polymyxins used in 

clinical practice. Their antimicrobial activity is associated with the detergent effect, 

which affects the structure and function of the outer membrane of the bacterial cell wall 

(Michalopoulos and Falagas, 2008). Many studies have demonstrated the efficacy of 

these agents in the treatment of infections caused by multiresistant bacteria (Landman 

et al., 2005 and Antoniadou et al., 2007). This study aims to evaluate the in vitro 

antimicrobial activity of combinations of polymyxin-B or colistin with the imipenem 

and meropenem against carbapenem-resistant P. aeruginosa. 

2. Materials and methods 

2.1. Collection of bacterial isolates 

The study was conducted on routine specimens received at the Microbiology 

section from Kasr El Ainy Hospital (School of Medicine, Cairo University), and El 

Borg Laboratories over five months between May to September 2017. Bacterial strains 

were isolated from the following specimens: respiratory specimens (throat swab, nasal 

swab, Bal and sputum); urinary specimens (urine); skin with abscess and open wound; 

blood; and ear discharge. These biological samples were collected (either in sterile 

bottles or in sterile cotton swabs) and shifted to the laboratory for the isolation of P. 

aeruginosa bacterial strains. 
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2.2. Methods of isolation and identification of P. aeruginosa 

Blood, urine and sputum samples in addition to all swabs were streaked on 

MacConkey, Blood and Cetrimide agar plates and incubated at 37°C for 24 h. Isolates 

were recovered and preliminarily identified as Pseudomonas spp. Suspected colonies 

were stored on Tryptone soya agar slant for further tests. The identity of the isolates 

was thereafter confirmed after they were transported under sterile conditions to the 

Department of Microbiology at the National Organization of Drug Control and 

Research (NODCAR), (Giza, Egypt). Pure colonies of all the isolates were subjected to 

the standard microbiological and biochemical methods, on the basis of colony 

morphology on (Pseudomonas agar P), motility, indole, oxidase and catalase reactions, 

triple sugar iron agar test (TSA), oxidative-fermentative test, citrate utilizing, nitrate 

reduction, acetamide hydrolysis and growth at 42ºC (Engelkirk and Duben-Engelkirk, 

2008; Mahon et al., 2014).  

2.3. Antibiotics 

Antibiotic powders were obtained from the following pharmaceutical companies 

in Egypt: polymyxin-B (POX) and colistin (COL) were provided from (Biotika co., 

Egypt) and (Wakipharma co., Egypt) respectively. Imipenem (IPM) was provided by 

(Soficopharmco., Egypt), Meropenem trihydrate (MEM) was purchased from 

(Astrazeneca Egypt, co., inc.); while piperacillin/tazobactam (TZP) from Hikma 

pharmaceuticals, ceftazidime pentahydrate (CAZ) from Smith Kline Beecham, 

gentamicin sulfate (CN) from Memphis, levofloxacin (LEV) hemihydrates from Sanofi-

Aventis and. All powders were supplied with a stated potency (µg per g powder). 

Solvents and diluents were used for each antibiotic as referred by CLSI document 

M100-S28 (CLSI, 2018). 

2.4. Antimicrobial susceptibility testing of P. aeruginosa strains 

Susceptibilities of P. aeruginosa strains for antibiotics were quantified as minimum 

inhibitory concentration (MIC) (µg/ml) by the broth micro-dilution method described 

by Andrew and Clinical and Laboratory Standards Institute (CLSI) guidelines 

(Andrews, 2001; CLSI, 2012). The MICs were detected to six selected antibiotics 

related to five main groups. Stock solutions of the antibiotics were prepared at a 

concentration of 10.000 µg/ml. Given a weighed amount of antibiotic powder, the 

volume of solvents needed was calculated from the formula: 

the volume of solvent (ml) = 

    Weight of powder (mg) × potency of powder (mg/g) 

    Concentration (µg/ml) 

The method was based on diluting a 10.000 µg/ml stock solution and involved 

measuring various volumes of antibiotic solutions. A 96-well microtiter plate was 

removed from its sterile packing and was labeled with the respective antibiotic 

concentration. Equal volumes (75μl) of each antibiotic dilution and bacterial strain 

aliquot were dispensed into the respective wells. After overnight incubation at 37°C, 

The lowest concentration showing no bacterial growth as evaluated by visual inspection 

was taken as the MIC value. P. aeruginosa strains were classified according to the 
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recently published proposed interim definitions (Magiorakos et al., 2012). A strains was 

defined as multi drug-resistant P. aeruginosa (MDR-PA) if it was resistant to ≥1 agent 

in ≥3 antimicrobial groups 

2.5. Checkerboard experiments 

Based on the findings of the antimicrobial susceptibility profile, strains that 

exhibited the highest MIC to carbapenem antibiotics and other related groups indices 

the most resistant were assessed by the checkerboard technique. It was performed using 

a two-dimensional checkerboard broth micro-dilution method (Pillai et al., 2005). The 

combinations tested for each isolate were meropenem plus colistin or polymyxin-B and 

imipenem plus colistin or polymyxin-B. MICs were previously determined before 

performing the checkerboard test and repeated on the same day to verify the result. The 

concentration of colistin or polymyxin-B ranged from 1/8 × MIC to 2 × MIC while that 

of the carbapenem (imipenem or meropenem) ranged from 1/32 × MIC to 2 × MIC. 

Bacterial suspensions were prepared as recommended for MIC determination to yield a 

final inoculum of 5 × 10
5
 colony-forming units cfu/ml. Aliquots of this suspension were 

transferred and mixed with an equal volume of antibiotic solutions. The plates were 

incubated for 18 - 24 h at 37°C and then interpreted.  

Fractional inhibitory concentration index (FIC) calculation: To evaluate the 

antibacterial effect of each combination, the Σ FIC was calculated as follows: FIC index 

= FIC of drug A + FIC of drug B 

The FIC of drug A and drug B was calculated as follows:- 

FIC of drug A= MIC of drug A in combination/MIC of drug A alone and FIC of drug B 

= MIC of drug B in combination/MIC of drug B alone. Synergy was defined as an FIC 

index ≤ 0.5, the additive was defined as an FIC index > 0.5 to ≤ 1 to, and antagonism 

was defined as an FIC index ≥ 4. 

3. Results 

3.1. Collection of bacterial isolates  

Over the study period, fifty-nine nonconsecutive P. aeruginosa isolates were 

collected as follows; twenty-four strains were from Kasr El Ainy Hospital and thirty-

five strains were collected from El Borg Laboratory. Concerning the specimen site, 

urine was the major source of the bacterial isolation, comprising 29/59 of the total 

isolates, the remaining isolates were recovered from wound swabs (13 isolates), sputum 

samples (7 isolates), nasal swabs (4 isolates), throat swabs (3 isolates), blood samples (1 

isolate) and other miscellaneous sources (2 isolates). The prevalence of P. aeruginosa 

isolates in different clinical samples is shown in Table (1). 
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Table (1): Prevalence of P. aeruginosa in different clinical samples  

*
Bal: bronchoalveolar lavage 

 

 

 

 

 

 

3.2. Antimicrobial susceptibility testing of P. aeruginosa strains 

Susceptibility profile with MICs data for 59 P. aeruginosa strains 

against imipenem, meropenem, ceftazidime, piperacillin/tazobactam, 

gentamicin, levofloxacin, colistin, and polymyxin-B are summarized in Table 

(3). It was noted that 27 (45.7%) of strains had an imipenem MIC=1024 µg/ml 

and 17 (28.8%) had a meropenem MIC=512 µg/ml (8 and 9-folds higher than 

susceptible MIC breakpoint; ≤2 µg/ml respectively). Furthermore, our results 

revealed that 2 (3.4%) strains were susceptible to meropenem with MIC range 

between (1-2 µg/ml), and three strains (5.08%) had MIC = 4 µg/ml to 

imipenem and/or meropenem. In the CLSI guideline, we could categorize these 

strains as an intermediate resistance. The obtained results revealed that 10/59 

(16.9%) strains of the carbapenem-resistant P. aeruginosa strains had MIC 

values for ceftazidime below or equal to susceptible MIC breakpoint (≥8 

µg/ml), while 49/59 (83.05%) strains had MIC value equal to the resistant MIC 

breakpoint. It is noteworthy that only two strains are highly resistant to 

piperacillin/tazobactam with MIC= 512 µg/ml and almost half the number of 

strains 27/59 (45.7%) have only intermediate resistant MIC. Likewise, only 

3/59 (5.08%) strains of carbapenem-resistant P. aeruginosa had MIC values for 

gentamicin below resistant MIC breakpoints. On the other hand, regarding the 

MIC results of levofloxacin antibiotic, it was observed that all strains are 

resistant and more than one/third of strains 23/59 (38.9%) have a MIC ranged 

between 256 to 512 µg/ml (7 to 8-folds higher than susceptible MIC 

breakpoint; ≤2 µg/ml). Polymyxin-B and colistin showed the highest in vitro 

activity against the isolates, with a susceptibility rate of 100% (n = 59) for all 

(MIC range was 1-2 µg/ml).  

 

  

Source Total no. of isolates (%) 

Urine 29 (49.1%) 

Wound 13 (22.03%) 

Sputum 7 (11.8%) 

Throat 3 (5.08%) 

Table (1) continued……. 

Blood culture bottles 1 (1.69%) 

Nasal 4 (6.77%) 

Ear 1 (1.69%)  

Bal
* 

1 (1.69%) 
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Table (2): MIC (µg/ml) of P. aeruginosa strains to antibiotics  

Strains 

MIC µg/ml (intermediate resistance breakpoint) 

IPM 

(≥4) 

MEM 

(≥4) 

CAZ 

(≥16) 

TZP 

(32/4-64/4) 

LEV 

(≥4) 

CN 

(≥8) 

POX 

(≥4) 

COL 

(≥4) 

Ps-1 64 64 >1024 128/4 256 >1024 2 2 

Ps-2 1024 256 >1024 64/4 256 >1024 2 2 

Ps-3 1024 512 >1024 128/4 128 >1024 2 2 

Ps-4 1024 256 64 256/4 512 >1024 2 2 

Ps-5 1024 256 >1024 128/4 256 >1024 2 1 

Ps-6 64 256 2 32/4 128 1024 1 1 

Ps-7 1024 256 128 16/4 128 1024 2 2 

Ps-8 4 1 8 32/4 32 32 1 1 

Ps-9 1024 512 >1024 128/4 128 >1024 1 2 

Ps-10 4 4 4 8/4 32 8 2 1 

Ps-11 512 128 >1024 32/4 128 >1024 1 1 

Ps-12 1024 256 >1024 512/4 64 1024 1 1 

Ps-13 512 256 8 32/4 64 16 1 1 

Ps-14 512 256 32 32/4 64 1024 1 1 

Ps-15 1024 64 >1024 128/4 256 >1024 2 1 

Ps-16 1024 64 >1024 128/4 256 >1024 2 1 

Ps-17 1024 64 >1024 16/4 128 >1024 2 1 

Ps-18 512 64 >1024 64/4 256 >1024 1 1 

Ps-19 1024 512 >1024 64/4 256 >1024 2 2 

Ps-20 1024 512 >1024 128/4 256 32 2 1 

Ps-21 512 64 256 64/4 128 >1024 1 1 

Ps-22 1024 512 >1024 128/4 256 >1024 2 1 

Ps-23 64 256 >1024 64/4 256 >1024 2 1 

Ps-24 64 256 >1024 64/4 256 >1024 2 1 

Ps-25 16 256 >1024 64/4 128 16 1 1 

Ps-26 64 32 64 16/4 128 16 1 1 

Ps-27 32 16 8 16/4 256 8 1 1 

Ps-28 32 128 8 16/4 64 8 2 1 

Ps-29 1024 512 >1024 128/4 256 >1024 1 1 

Ps-30 1024 512 64 512/4 32 32 2 2 

Ps-31 1024 128 >1024 64/4 256 >1024 2 2 

Ps-32 16 32 8 16/4 32 >1024 1 2 

Ps-33 8 64 512 128/4 16 >1024 2 2 

Ps-34 16 4 4 16/4 128 4 2 2 

Ps-35 4 2 2 4/4 32 4 2 2 

Ps-36 16 4 4 32/4 64 4 2 2 

Ps-37 1024 512 >1024 128/4 256 >1024 2 2 

Ps-38 1024 256 >1024 128/4 256 >1024 2 1 

Ps-39 512 256 >1024 128/4 256 >1024 2 1 

Ps-40 64 128 >1024 64/4 256 >1024 2 2 

Ps-41 256 32 >1024 64/4 128 >1024 1 1 
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Ps-42 256 128 16 64/4 32 8 2 1 

Ps-43 64 8 64 32/4 64 >1024 1 1 

Ps-44 128 64 >1024 128/4 64 >1024 2 2 

Ps-45 1024 512 >1024 256/4 512 >1024 1 2 

Ps-46 512 512 >1024 64/4 128 >1024 2 2 

Ps-47 1024 512 >1024 64/4 64 >1024 2 2 

Ps-48 512 512 >1024 32/4 16 >1024 2 2 

Ps-49 1024 512 >1024 128/4 256 >1024 2 2 

Ps-50 1024 512 >1024 128/4 256 >1024 2 2 

Ps-51 512 256 >1024 32/4 128 >1024 2 2 

Ps-52 1024 256 >1024 64/4 128 >1024 2 2 

Ps-53 1024 512 >1024 128/4 128 >1024 2 2 

Ps-54 512 64 >1024 128/4 128 >1024 1 2 

Ps-55 16 32 >1024 64/4 128 1024 2 2 

Ps-56 1024 512 >1024 64/4 256 >1024 2 2 

Ps-57 1024 256 >1024 64/4 128 >1024 2 2 

Ps-58 1024 512 >1024 64/4 128 >1024 2 2 

Ps-59 64 32 1024 128/4 128 >1024 2 2 

Total no. of 

highly 

resistant 

27 17 41 2 23 46 0 0 

Total no. of 

intermediate 

resistant 

3 3 1 27 0 4 0 0 

Total no. of 

sensitive 
0 0 10 9 0 3 59 59 

Total 

MDR  

59 strains 
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3.3. Checkerboard assay   

A checkerboard test was done for ten P. aeruginosa stains with the highest MIC 

values to carbapenem antibiotics as shown in Tables (3,4,5,6) and Figure (1). Although 

the enhancement factor obtained was apparent over the four combinations, however, the 

reaction failed to give any synergism against the isolates. As shown in Table 3 and 4 

imipenem enhancement factor was noticeable in the presence of colistin and polymyxin-

B as the MICs were reduced by 4-fold to 8-fold against 8/10 and 9/10 of strains 

respectively (the MIC values were decreased from 1024 to 64 μg/mL against more than 

half of the selected strains). In the combination of polymyxin-B and meropenem, the 

enhancement factor obtained with these antibiotics was at a lower level (4 times, at 

most) than imipenem and polymyxin-B, despite this fact, ∑FIC index obtained with 

those drugs were indicative of a good additive activity (FICI in between 0.62-1). A 

combination of meropenem with colistin, (Ps-8 and Ps-29) isolates have a 16 times 

reduction in meropenem MIC respectively, while the reduction rate against the 

remaining strains was only two-fold.  

Table (3): Combination of imipenem and colistin against selected carbapenem-

resistant P. aeruginosa 

Strains 
MIC MIC in combinations FIC

1 

∑FIC
2 

EF
3 

Outcomes 
Imipenem Colistin Imipenem Colistin Imipenem Colistin 

Ps-3 1024 2 64 1 0.06 0.5 0.56 16 Additive 

Ps-9 1024 2 128 1 0.125 0.5 0.62 8 Additive 

Ps-20 1024 2 64 1 0.06 0.5 0.56 16 Additive 

Ps-22 1024 2 128 1 0.125 0.5 0.62 8 Additive 

Ps-29 1024 2 64 1 0.06 0.5 0.56 16 Additive 

Ps-37 1024 2 64 1 0.06 0.5 0.56 16 Additive 

Ps-45 1024 2 512 1 0.5 0.5 1 2 Additive 

Ps-49 1024 2 512 1 0.5 0.5 1 2 Additive 

Ps-50 1024 2 64 1 0.06 0.5 0.56 16 Additive 

Ps-53 1024 2 512 1 0.5 0.5 1 2 Additive 

1 
Fractional inhibitory concentration; 

2 
Fractional inhibitory concentration index; 

3
 

Enhancement factor: Maximum number of times that imipenem antibiotic is reduced in 

the presence of colistin antibiotic. 
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Table (4): Combination of imipenem and polymyxin-B against selected 

carbapenem-resistant P. aeruginosa 

Strains 
MIC MIC in combinations FIC1 

∑FIC2 EF3 Outcomes 

Imipenem Polymyxin B Imipenem Polymyxin B Imipenem Polymyxin B 

Ps-3 1024 1 128 0.5 0.125 0.5 0.62 8 Additive 

Ps-9 1024 1 128 0.5 0.125 0.5 0.62 8 Additive 

Ps-20 1024 1 64 0.5 0.06 0.5 0.56 16 Additive 

Ps-22 1024 1 64 0.5 0.06 0.5 0.56 16 Additive 

Ps-29 1024 1 128 0.5 0.125 0.5 0.62 8 Additive 

Ps-37 1024 1 256 0.5 0.25 0.5 0.75 4 Additive 

Ps-45 1024 1 64 0.5 0.06 0.5 0.56 16 Additive 

Ps-49 1024 1 64 0.5 0.06 0.5 0.56 16 Additive 

Ps-50 1024 1 256 0.5 0.25 0.5 0.75 4 Additive 

Ps-53 1024 1 64 0.5 0.06 0.5 0.56 16 Additive 

1 
Fractional inhibitory concentration; 

2 
Fractional inhibitory concentration index; 

3
 

Enhancement factor: Maximum number of times that imipenem antibiotic is reduced 

in the presence of the polymyxin-B antibiotic. 

Table (5): Combination of meropenem and colistin against selected carbapenem-

resistant P. aeruginosa 

Strains 
MIC MIC in combinations FIC

1 

∑FIC
2 

EF
3 

Outcomes 
Meropenem Colistin Meropenem Colistin Meropenem Colistin 

Ps-3 512 2 32 1 0.06 0.5 0.56 16 Additive 

Ps-9 512 2 256 1 0.5 0.5 1 2 Additive 

Ps-20 512 2 256 0.5 0.5 0.25 0.75 2 Additive 

Ps-22 512 2 256 0.25 0.5 0.125 0.62 2 Additive 

Ps-29 512 2 32 1 0.06 0.5 0.56 16 Additive 

Ps-37 512 2 256 0.25 0.5 0.125 0.62 2 Additive 

Ps-45 512 2 256 1 0.5 0.5 1 2 Additive 

Ps-49 512 2 256 1 0.5 0.5 1 2 Additive 

Ps-50 512 2 256 0.25 0.5 0.125 0.62 2 Additive 

Ps-53 512 2 256 0.25 0.5 0.125 0.62 2 Additive 

1 
Fractional inhibitory concentration; 

2 
Fractional inhibitory concentration index; 

3
 

Enhancement factor: Maximum number of times that meropenem antibiotic is reduced 

in the presence of colistin antibiotic. 
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Table (6): Combination of meropenem and polymyxin-B against selected 

carbapenem-resistant P. aeruginosa 

Strains 
MIC MIC in combinations FIC1 

∑FIC2 EF3 Outcomes 
Meropenem Polymyxin B Meropenem Polymyxin B meropenem Polymyxin B 

Ps-3 512 1 256 0.25 0.5 0.25 0.75 2 Additive 

Ps-9 512 1 256 0.5 0.5 0.5 1 2 Additive 

Ps-20 512 1 128 0.5 0.25 0.5 0.75 4 Additive 

Ps-22 512 1 128 0.5 0.25 0.5 0.75 4 Additive 

Ps-29 512 1 256 0.125 0.5 0.125 0.62 2 Additive 

Ps-37 512 1 128 0.5 0.25 0.5 0.75 4 Additive 

Ps-45 512 1 256 0.5 0.5 0.5 1 2 Additive 

Ps-49 512 1 128 0.5 0.25 0.5 0.75 4 Additive 

Ps-50 512 1 256 0.5 0.5 0.5 1 2 Additive 

Ps-53 512 1 128 0.5 0.25 0.5 0.75 4 Additive 

1 
Fractional inhibitory concentration; 

2 
Fractional inhibitory concentration index; 

3
 

Enhancement factor: Maximum number of times that meropenem antibiotic is reduced 

in the presence of the polymyxin-B antibiotic. 
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Figure (1): illustrate summary of the checkerboard results of ten selected P. 

aeruginosa strains 
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4. Discussion 

Since 2000, the number of bacterial species carrying ESBL genes has 

increased, and community-acquired bacterial isolates with the ability to produce 

ESBLs that hydrolyze almost all β-lactam agents, except for carbapenems, have been 

reported worldwide. As a result, the clinical use of carbapenems has increased. This in 

turn caused an increase in the number of clinical bacterial isolates producing β-

lactamases that have the ability to hydrolyze carbapenems, known as carbapenemases 

(Tzouvelekis et al., 2012). Thus, the overuse of carbapenems has led to the 

emergence of carbapenem resistance, which is the ability of bacteria to grow and 

survive in the presence of clinically relevant carbapenem concentrations (Durante-

Mangoni et al., 2019). In 2013, we have collected P. aeruginosa strains throughout 

Cairo, Egypt, and the resistance levels to different antibiotics were determined. Data 

obtained revealed that the most majority of antibiotics (including carbapenems) have 

little to moderate effects which could give us a warning of the occurrence of 

outbreaks caused by this pathogen (Mabrouk et al., 2016). Ongoing a more detailed 

investigation was urgently needed. The present study provides updated compiled 

information highlighted on the antibiotic resistance patterns and available 

antimicrobial treatments against carbapenem-resistant P. aeruginosa strains in Cairo, 

Egypt. 

In this study, P. aeruginosa was isolated and collected from different 

specimen types (urine, wound, sputum, throat, blood, nasal, ear, and bal) which 

reflects the ubiquitous nature of the organism as previously reported (Oliver et al., 

2015). Furthermore, the high frequently represented source for the identified P. 

aeruginosa strains was from urine samples (49.1%). This finding corroborated 

previous studies that urine was the highest isolation rate (Zarei et al., 2018; Ullah et 

al., 2019). 

Determination of MIC values of the carbapenem-resistant P. aeruginosa 

demonstrated that these strains exhibited a high level of resistance to carbapenems.  

MICs values obtained in this study for carbapenem-resistant P. aeruginosa strains 

against the tested antibiotics were relatively high compared to the MICs values 

obtained for the antibiotics in other studies from Emirates (Moubareck et al., 2019), 

Germany (Kresken et al., 2020), UK (Zamudio et al., 2019), and USA (Kufel et al., 

2020). Our data indicated that the situation is more serious than those reported in 

numerous other countries. This is a public health concern, which requires increased 

monitoring and implementation of a policy of antibiotics use. 

Considering our findings a high degree of cross-resistance was also observed 

in carbapenem-resistant P. aeruginosa to other groups of antibiotics such as, 

quinolones and aminoglycosides, which further complicate the treatment scenario. 

These results are consistent with other previous studies that observed the association 

between carbapenem-resistant in P. aeruginosa and high resistance level to 

levofloxacin and gentamicin (Dogonchi et al., 2018). The high ratio of co-resistance 

to quinolone and aminoglycosides among carbapenem-resistant P. aeruginosa in this 

study cast doubt on the efficacy of these classes of antibiotics in treatment. 

In the present study polymyxin-B and colistin were deemed to be highly 

effective antibiotics against all the tested strains. This result suggests that polymyxins 
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have increasingly become the last resort drug for treating P. aeruginosa infections, 

especially in seriously ill patients. Our observations agreed with other published 

reports showed the excellent activity of the polymyxins group against carbapenem-

resistant P. aeruginosa (Azimi et al., 2018; Dogonchi et al., 2018). Unfortunately, 

polymyxins are highly nephrotoxic agents and the likeliness of renal impairment has 

been associated with the daily dose of polymyxins (Garonzik et al., 2011 and 

Dubrovskaya et al., 2015). Hence, the use of polymyxins in combination with other 

agents may be a successful strategy to minimize polymyxins exposure. Combination 

therapy is more important for infections with carbapenem-resistant strains, which had 

a higher percentage of multidrug resistance in the present study. Therefore, we studied 

the potential of combination therapy against these resistant strains. The combination 

of polymyxins and imipenem or meropenem showed a noticeable reduction in MIC 

(in some cases 16 fold reduction in MIC)   However, no true synergy was found with 

the combinations. An unexpected finding in this study was that these regimens only 

showed additive effects against P. aeruginosa isolates in vitro, however, we suppose 

that any increase in the antibacterial activity using the combination treatment may 

help clinical success. Furthermore, to date, there have been different criteria upon 

which to interpret the additive effect of antimicrobial combinations using the 

checkerboard method. Originally, synergism was defined as an FIC index of 0.5 or 

less, and additive as an FIC index of > 0.5 to ≤ 1 (Pillai et al., 2005). However, 

another publication recommends another criterion to redefine and additive as an FIC 

index of 1 and the partially synergistic (0.5 < FICI < 1) (Drapeau et al., 2010). Using 

this criterion, a partial synergism was found in almost all of the combinations tested in 

our study; nonetheless, imipenem or meropenem plus colistin, and meropenem plus 

polymyxin-B have only three strains of FIC equal to 1. Previous studies that evaluated 

the in vitro antimicrobial synergy of various drug combinations against P. aeruginosa 

focused on carbapenem-resistant (Landman et al., 2005 and Montero et al., 2019). 

Since the findings of this study were based on a little sample size, the real clinical 

benefit of using this combination regimen in the treatment of highly carbapenem-

resistant P. aeruginosa infections still needs to be established. 

Conclusion 

The combination of polymyxins group + carbapenem group demonstrated a 

good efficiency in vitro against carbapenem-resistant P. aeruginosa isolates that 

showed a multi-resistance to another antimicrobial especially fluoroquinolones, 

aminoglycosides, and cephalosporins. In addition, such combination therapy avoids 

the risk for acute kidney injury induced by colistin or polymyxin-B which is 

especially important in patients with renal insufficiency. 
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دراسات معملية لبحث تفاعل واتحاد مجموعة البوليميكسينات مع الإميبينيم والميروبينيم لوقف 

 إيرجنوزا المقاومة لمجموعة الكاربابينيم.نشاط بكتريا السيدوموناس 

ػّشٚ ِحّذ ببشب ِحّذ 
٢ *

، صّبي ِحّذ اٌسؼ١ذ اٌششب١ٕٝ
١
، ِٕٝ إبشا١ُ٘ ِبشٚن إبشا١ُ٘ 

٢
 

١
لسُ

 
 ِظش.-اٌمب٘شة  –و١ٍت اٌؼٍَٛ )ب١ٕٓ(، صبِؼت الأص٘ش  -ٚ ا١ٌّىشٚب١ٌٛٛصٝ  إٌببث

٢
 ا١ٌٙئت اٌم١ِٛت ٌٍشلببت ٚاٌبحٛد اٌذٚائ١ت )١٘ئت اٌذٚاء اٌّظش٠ت(، اٌض١ضة، ِظش. -لسُ ا١ٌّىشٚب١ٌٛٛصٝ  

 *
  Amohamadbasha@gmail.com: اٌبش٠ذ الاٌىخشٚٔٝ ٌٍببحذ اٌشئ١سٟ

حخٛاصذ فٟ ِؼظُ اٌب١ئبث اٌطب١ؼ١ت  ح١ذ ش١ٛػب حؼخبش اٌس١ذِٚٛٔبط إ٠شصٕٛصا أحذ أوزش أٔٛاع اٌبىخش٠ب

حسبب اٌؼذ٠ذ ِٓ الأِشاع ٌلإٔسبْ ٚاٌح١ٛاْ خبطت رٚٞ إٌّبػت  )اٌخشبت، ا١ٌّبٖ، إٌببحبث ٚػٍٝ اٌضٍذ(.

ػٕذ دخٛي ٘زٖ اٌبىخ١ش٠ب ٌٍضشٚط، أٚ الأشخبص اٌز٠ٓ ٠ؼبْٔٛ ِٓ ٔمض إٌّبػت فئٔٙب بشىً ػبَ حسبب  إٌّخفؼت.

ؼفٓ اٌذَ ٚحذ١ِش الأٔسضت. ٚإرا ِب أطببج أصٙضة اٌضسُ اٌح٠ٛ١ت وبٌشئخ١ٓ، اٌّسبٌه اٌب١ٌٛت أٚ اٌخٙبببث شذ٠ذة، ح

ػلاٚة ػٍٟ ِب سبك, أطبحج بىخش٠ب اٌس١ذِٚٛٔبط إ٠شصٕٛصا أحذ أُ٘ ٚأخطش اٌىٍٝ، لذ حؤدٞ إٌٝ اٌٛفبة. 

بداث اٌح٠ٛ١ت ِٕز بذء اٌس١ذِٚٛٔبط إ٠شصٕٛصا ٌٍّؼ ٌٛحظج ِمبِٚت بىخ١ش٠ب اٌّسبببث فٟ ػذٜٚ اٌّسخشف١بث.

إوخشبف اٌّؼبداث اٌح٠ٛ١ت، فٟٙ حّخٍه لذسة ؽب١ؼ١ت ػٍٝ ِىبفحت اٌّؼبداث اٌح٠ٛ١ت ٚاٌم١ًٍ ِٓ اٌّؼبداث اٌزٞ 

ٌؼلاس الإٌخٙبببث اٌخٟ   ف١ّب سبك وبٔج حؼذ اٌىبسببب١ّٕبث راث اٌط١ف ٚاسغ اٌّذٜ اٌّلار الأخ١ش٠ؤرش ػ١ٍٙب. 

اٌّمبِٚت ٌٍؼذ٠ذ ِٓ اٌّؼبداث اٌح٠ٛ١ت. ٌىٓ ِؤخشاً أظٙشث ٘زٖ اٌبىخ١ش٠ب  إ٠شصٕٛصااٌس١ذِٚٛٔبط   حسببٙب بىخ١ش٠ب

إِخلاوٙب آ١ٌبث ِمبِٚت صؼٍخٙب حخغٍب ػٍٝ ٔشبؽ ِؼظُ اٌّؼبداث اٌح٠ٛ١ت اٌّخبحت ِٚٓ ػّٕٙب اٌىبساب١ّٕبث. ٘زٖ 

خلاي  ِظش ٚبٕسب ِمٍمت.اٌسلالاث اٌفبئمت اٌّمبِٚت ٌٍّؼبداث اٌح٠ٛ١ت حُ ػضٌٙب ِٓ دٚي ِخخٍفت ٚػٍٟ سأسٙب 

٘زٖ اٌذساست حُ حض١ّغ حسؼت ٚخّسْٛ ػضٌت ِٓ بىخش٠ب اٌس١ذِٚٛٔبط إ٠شصٕٛصا ِٓ ِسخشفٟ ِٚؼًّ ححب١ًٌ 

 ببٌمب٘شة اٌىبشٞ, ِظش. ٚلذ حُ حؼش٠ف ٘زٖ اٌؼضلاث اٌبىخ١ش٠ت بئسخخذاَ اٌطشق ا١ٌّىشٚب١ٌٛٛص١ت اٌم١بس١ت.

ٌّخخٍفت ِزً الأ١ِب١ٕ١ُ, ا١ٌّشٚب١ٕ١ُ, اٌببشاس١ٍٍ١ٓ حبصٚببوخبَ, أخخبشث ِمبِٚت ص١ّغ اٌؼضلاث ٌٍّؼبدث اٌح٠ٛ١ت ا

ألً حشو١ض  ٚرٌه ػٓ ؽش٠ك حؼ١١ٓ , ٚاٌى١ٌٛسخ١ٓاٌسفخبص٠ذ٠ُ, اٌضٕخب١ِس١ٓ, ا١ٌٍفٛفٍٛوسبس١ٓ, اٌب١ّ١ٌٛىس١ٓ بٟ

ٚلذ أظٙشث إٌخبئش  .اٌس١ذِٚٛٔبط إ٠شصٕٛصابىخش٠ب ػٍٟ اٌح٠ٛ١ت اٌسببمت اٌزٞ ٠ّىٕٗ اٌمؼبء  ِزبؾ ِٓ اٌّؼبداث

الإ١ِب١ٕ١ُ, ا١ٌّشٚب١ٕ١ُ, اٌسفخبص٠ذ٠ُ, اٌضٕخب١ِس١ٓ, ٚ أْ ٘زٖ اٌؼضلاث ححخبس إٌٟ حشو١ضاث ػب١ٌت صذا ِٓ 

ٚاٌى١ٌٛسخ١ٓ ٚاٌزاْ أظٙشا فبػ١ٍت ػذ ص١ّغ اٌؼضلاث  بئسخزٕبء اٌب١ّ١ٌٛىس١ٓ بٟ ا١ٌٍفٛفٍٛوسبس١ٓ ٌٍمؼبء ػ١ٍٙب

حُ ِضس ِضّٛػت اٌب١ٌّٛىسٕبث ِغ الإ١ِب١ٕ١ُ ٚ ا١ٌّشٚب١ٕ١ُ ٚرٌه اٌسببمت  ٕخبئش بٕبء ػٍٟ اٌ .اٌبىخ١ش٠ت اٌّخخبشة

ٌخم١١ُ ِذٞ لذسحٙب ػٍٟ اٌخفبػً اٌخؼبِٕٟ ِغ بؼؼٙب اٌبؼغ لإػبدة ح٠ٛ١ت ِضّٛػت اٌىبسببب١ٕ١ّبث ػلاٚة ػٍٟ 

صبءث  ػذ ػششة ػضلاث ِّزٍت ِٓ بىخ١ش٠ب اٌس١ذِٚٛٔبط إ٠شصٕٛصا. حم١ًٍ الأربس اٌضبٔب١ت ٌّضّٛػت اٌب١ٌّٛىسٕبث

 حفبػً حؼبِٕٟ ِغ ٘زٖ اٌّؼبداث اٌح٠ٛ١ت ِغ بؼؼٙب اٌبؼغ.ٚحذد  إٌخبئش ِبششة ح١ذ حذد حأصس

 إححبد، ب١ّ١ٌٛىس١ٓ بٟ، وٌٛسخ١ٓ. ،اٌس١ذِٚٛٔبط إ٠شصٕٛصا اٌّمبِٚت ٌّضّٛػت اٌىبسببب١ٕ١ُ. -الكلمات المفتاحية:
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