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Abstract: Emergence of antibiotic resistance of Pseudomonas aeruginosa clinical strains is increasingly becoming a public health 
trouble shooting. The main objectives of the present study were to determine the resistance levels of different antibiotics used in therapy 
and to correlate the expression of four efflux pumps genes with the phenotypic resistance to antibiotics. 208 isolates of P. aeruginosa 
from the various biological products, stored from January 2012 to December 2015 at the Center of Biological Resources (CeReB) of the 
Institut Pasteur of Côte d'Ivoire have been assessed to clearly understand sensitivity of 14 antibiotics using diffusion method. As results, 
this work highly showed a clear emergence as regards the resistance of P. aeruginosa strains to the different classes of selected 
antibiotics. Nevertheless, high resistance was preferentially observed for β-lactams, in particular for ticarcillin (30.77%). Colistin (2,4%) 
was the most active antibiotic in this study. This work also demonstrated the correlation between the P. aeruginosa strains resistance and 
the efflux pump mechanism using RT-PCR techniques. 83% of the ticarcillin-resistant strains expressed the constitutive mexB gene, 
52% cefepime- resistant strains expressed regulated mexD gene, 59% of imipenem and ciprofloxacin-resistant strains expressed 
regulated mexF gene and finally 62% of gentamicin-resistant strains could express constitutive mexY gene. 
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1. Introduction 
 
Pseudomonas aeruginosa is a non-fermentative Gram-
negative bacterium, a saprophyte of the environment, 
notably in water, moist soils and plants. Commensal 
bacterium from the human to the intestinal area, 
Pseudomonas aeruginosa is able to infect any organism area 
[13], [15]. It is frequently opportunistic and detected in 
common human infections in intensive care units [24], [27]. 
In nosocomial diseases classification, Pseudomonas 
aeruginosa is the third one after Escherichia coli and 
Staphylococcus aureus [1]. In Côte d'Ivoire, although there 
are no national data, several studies have been demonstrated 
the extent of Pseudomonas aeruginosa in nosocomial 
diseases in different health facilities [9], [34]. It results in 
additional drug costs and longer hospital stays with patients. 
However, abuse of antibiotics, non drug-compliance and 
anarchic consumption of antimicrobials contributed to the 
changes in the susceptibility profile of microbial species and 
to the emergence of multi-resistant germs. P. aeruginosa 
constitutively expresses an efflux system (MexAB-OprM) 
and poor membrane permeability conferring natural 
resistance to many antibiotics used in therapy. In addition to 
this natural resistance, this germ is characterized by its 
particular ability to acquire and accumulate numerous 
resistance mechanisms that could be linked to the 
appearance of multi-resistant strains [22]. This accumulation 
of resistance mechanisms has become problematic. In 
extreme cases it leads to a therapeutic stalemate due to the 

emergence of strains known to be totally resistant to the 
antibiotics currently available on the market [22, 32].  
Active efflux is an important non-enzymatic mechanism in 
antibiotic resistance in P. aeruginosa. It also contributes to 
the development of multidrug-resistant. P. aeruginosa 
harbours four genetically different three-component efflux 
family systems belonging to the resistance-nodulation-cell 
division (RND), MexAB-OprM, MexCD-OprJ, MexEF-
OprN and MexXY-OprM [16], [18], [19]. The first 
component of each system contains a protein located in the 
cytoplasmic membrane including MexB, MexD, MexF and 
MexY. The pump functions as an energy-dependent pump 
with wide substrate specificity. The second component is 
closed to outer membrane protein (OprM, OprJ, OprN and 
OprM). The third protein (MexA, MexC, MexE and MexX) 
is located in the periplasmic area [19]. Efflux mechanisms 
contribute predominantly to the decline of antimicrobials in 
Pseudomonas aeruginosa, and therefore contribute to the 
emergence of resistance [16], [21], [22]. 
 
In this work we investigated the emergence of 
multiresistance of Pseudomonas aeruginosa and correlated 
antibiotic resistance and gene expression of the four efflux 
pumps most commonly used by Pseudomonas strains. 
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2. Materials and Methods 
 

2.1 Strains 

 
A total of 208 bacterial strains of Pseudomonas aeruginosa 
coming from clinical origin have been previously conserved 
at the Biological Resource Center (CeReB) of Côte d'Ivoire 
Institut Pasteur from January 2012 to December 2015. The 
genus and species of isolates were verified and confirmed. 
Verification of the strains of Pseudomonas aeruginosa has 
been carried out by conventional methods of classical 
microbiology, after enrichment on the brain heart broth 
(BCC liquid medium) and subculture on Agar containing 
Cetrimide, based on the cultural characteristics (pyocyanine 
and pyoverdine colonies). In addition, identification using 
MALDI TOF techniques has been also used, and molecular 
biology using the amplification of 16S RNA, recA, and rpoB 
house keeping genes. 
 
2.2 Study of sensitivity antibiotic 

 
Antibiotic activity has been determined by the environment 
Disk agar diffusion method of Kirby Bauer on agar medium 
Mueller-Hinton-like. Following antibiotics have been tested 
according to the recommendations of the Committee of the 
susceptibility of the French Society for Microbiology [7] 
including β-lactam antibiotics (aztreonam (ATM, 30μg), 
cefepime (FEP, 30 μg), ceftazidime (CAZ, 30 μg ), 
imipenem (IMP, 10 µg) Meropenem (MEM 10 μg), 
piperacillin (PIP, 75 μg), ticarcillin (ICT 75 μg), ticarcillin / 
clavulanic acid (TCC, 75/10 µg)), aminoglycosides 
(amikacin (AKN, 30 μg) gentamicin (GEN, 10 µg), 
tobramycin (TMN, 10 µg)) and fluoroquinolones 
(ciprofloxacin (CIP, 5 µg), levofloxacin (LEV, 5 µg) and 
colistin (CST, 10 µg). Antibiotic discs were placed using a 
manual dispenser while respecting the location of the 
antibiotic discs for Pseudomonas aeruginosa recommended 
in the CA-SFM [7]. The plates were then stored at room 
temperature (25 ± 2 ° C) in bench during 15 minutes to 
allow a pre-release antibiotics before the incubated at 37 ° C 
for 18 to 24 hours. Interpretation of the results has been 
made by the automated method capture boxes with a reading 
camera incorporated into the ADAGIO (BIORAD, France). 
The results are transcribed into sensitive (S), intermediate 
(I), resistant (R) categories as recommended by CA-SFM 
[7]. Kanamycin disc has been assessed to control the natural 
resistance of P. aeruginosa strains. The quality control of 
the antibiotics tested and of the culture media used was 
carried out from the P. aeruginosa strain of reference ATCC 
27853. The strains with intermediate sensitivity were not 
classified as resistant. Data have been selected and analyzed 
on Excel sofware.  
 

2.3 Assessment of Efflux Mechanism/RT-PCR Analysis 

 
In order to understand the efflux mechanism for the possible 
contribution of the MexAB-OprM and MexEF-OpN, 
MexCD-OprJ, MexXY-OprM efflux systems to the 
observed resistance, PCR techniques has been used after 
reverse transcription (RT-PCR ) to amplify the mexB, mexD, 
mexF and mexY multiplexes genes was used. Briefly, 
bacterial colonies were suspended in 200 μL of PBS, 
centrifuged for 5 min at 5000 rpm, at 4 ° C. After 

centrifugation pellet has been used to extract the total RNAs 
with the ReliaPrepTM RNA Cell Miniprep kit (Promega) 
according to the protocol recommended by the 
manufacturer. The RNA extracts were stored at -20 ° C until 
use. The reverse transcription was carried out in a volume of 
30 μL according to the manufacturer procedures. The RNA 
mixture are transferred into Eppendorf tubes of the 
"Mastercycler personal" type and are introduced into the 
thermocycler. The amplification reactions are carried out in 
a thermocycler (Thermocycler 9700 ABI / Applied 
Biosystem). 1.5% Agarose gel electrophoresis in the 
presence of TBE has been used. 5 µL of amplification 
products have been deposited for visualization. 
 

Table 1: List of primers used in this work for genes 
expression encoding the efflux pumps [29]. 

Genes Primers Sequences (5'-3') 
Size of 

amplicons 
(pb) 

mexB 
primer F 5’-

ACTTCTTCAGCTTCAAGGAC-3’ 155 
primer R 5’-GAGCATGAGGAACTTGTTG-

3’ 

mexD 
 

primer  F 5’-CTACCCTGGTGAAACAGC-3’ 
250 primer R 5’-AGCAGGTACATCACCATCA-

3’ 

mexF primer F 5’-CATCGAGATCTCCAACCT-3’ 350 primer R 5’-GTTCTCCACCACCACGAT-3’ 

mexY 

primer F 5’- 
GCTACAACATCCCCTATGAC-3’ 445 

primer R 5’- AACTGGCGGTAGATGTTG-
3’ 

 
3. Results  

 

3.1 Prevalence of P. aeruginosa strains during the year 

of collection 

 
Among the 208 strains P. aeruginosa, 34 (16.35%) and 22 
(10.58%) have been collected respectively in 2012 and 
2013. In 2014, 64 (30.77%) were isolated. 88 (42.30%) 
strains of P. aeruginosa were collected in 2015 (Figure 1) 
 

 
Figure 1: Distribution of Pseudomonas aeruginosa strains 

from 2012 to 2015 
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3.2 Prevalence of strains of P. aeruginosa basing on 

hospital services 

 
Strains have been isolated from 16 hospital centers. General 
services and Pneumology showed a greater occurrence of 
strains of P. aeruginosa. For all three services the isolation 
frequencies of P. aeruginosa were 35.58% (74) in Medicine 
service, 23.07% (48) in Undetermineted service and 9.61% 
(20) in Pneumology (Figure 2). These isolation frequencies 
varied in the same proportions in the Pediatric, 

Resuscitation, Neurology, ENT, Surgery, Urology and 
Stomatology area. 14 (6.73%) in Pediatrics, 12 (5.77%), in 
Resuscitation, 9 (4.33%) in Neurology, 7 (3.36%) in ENT, 5 
2.40%) in Surgery, 5 (2.40%) in Urology and 4 (1.92%) in 
Stomatology (Figure 2). Low prevalences have been 
observed in Endocrinology 2 (0.96%), Gynecology-
Obstetrics 2 (0.96%), Gastroenterology 2 (0.96%), 
Nephrology 2 (0, 96%), Traumatology 2 (0.96%) and 
Rheumatology 1 (0.48%).  
 

 

 
Figure 2: Frequency of P. aeruginosa strains isolated from hospital 

 

3.3 Prevalence of strains of P. aeruginosa according to 

sampling sites 

 
Among 208 strains isolated from 14 biological products of 
the patients in different proportions (Figure 3), results 
revealed a high prevalence of P. aeruginosa in abscess area. 
In this biological product, 100 strains of P. aeruginosa were 
isolated, ie 48.08%. On the other biological products, the 
occurrence P. aeruginosa was less than 10%. They were at 
unspecified sites 20 (9.62%), urine 20 (9.62%), sputum 18 

(8.65%), bronchial aspirations 11 (5.29%), pleural fluid 10 
(4.81%), blood 7 (3.37%), urinary catheter 6 (2.88%), 
wound 5 (2.40%), catheter 4 (1.92%) and cerebrospinal fluid 
3 (1.44%). This low prevalence was recorded in tracheal 
aspiration, ascites fluid and stool. Among these three 
biological products, It was respectively 2 (0.96%), 1 
(0.48%) and 1 (0.48%) strains of P. aeruginosa isolated 
(Figure 3). 
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Figure 3: Frequency of strains of P. aeruginosa isolated by biological fluid 

 
3.4 Pseudomonas antibiotic resistance profile 

 
Exploration of the antibiotic resistance of strains from 
different services and biological products revealed three 
categories of strains including resistant, sensitive and 
intermediate (Figure 4). At the level of resistance, P. 
aeruginosa strains exhibited at least one resistance for all the 
tested antibiotics. The proportions of the resistant strains 
varied from 2.40 to 30.77%, respectively colistin and 
ticarcillin. Thus among 208 strains tested, colistin is the 
most active antibiotic on P. aeruginosa isolated throughout 
the study period from 2012 to 2015. In terms of colistin low 
resistance rate of 2.40% has been recorded (Figure 4). This 
strong action was also obtained with aztreonam belonging to 
the β-Lactam family. As far as aztreonam is concerned, a 

small proportion (3.85%) of resistant strains was observed. 
In addition, in the β-Lactam family, resistant strains were 
observed with ceftazidime (16.83%), cefepime 47 (22.60%), 
imipenem 24 (11.54%), Ticarcillin 64 (30.77%), ticarcillin + 
clavulanic acid 62 (29.81%) and piperacillin 41 (19.71%). 
Antibiotics belonging to the aminoglycoside family, 
amikacin were the most active antibiotic 18 (8.65%). This 
8.65% resistance level recorded with amikacin was less than 
42 (20.19%) and 39 (18.75%) observed with gentamicin and 
tobramycin. In the fluoroquinolone family, strains were 
resistant to ciprofloxacin and levofloxacin at 30 (14.42%) 
and 35 (16.83%), respectively, throughout the study period 
(Figure 4). 

 

 

 
Figure 4: Antibiotic resistance profile of P. aeruginosa. 

 According to Eucast-CASFM 2015; I = Intermediate; R = Resistant; S = Sensitive ٭
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3.5 Antibiotic resistance profile of P. aeruginosa strains 

from different hospital services 

 
Strains of P. aeruginosa from all departments showed 
sensitivity to all antibiotics tested except aztreonam (Figure 

5a). The largest number of strains susceptible to antibiotics 
tested result from Medicine, Undetermined and Pneumology 
services. No strain from the Gastroenterology, 
Traumatology, and Nephrology and Rheumatology areas 

showed resistance to the tested antibiotics (Figure 5b). 
Strains from the Pneumology area showed 5% of resistance 
to various antibiotics including ceftazidime, cefepime, 
ticarcillin, ticarcillin + clavulanic acid, levofloxacin, 
gentamicin and tobramycin, and 10% to colistin. The largest 
number of P. aeruginosa showing resistance to antibiotics 
was observed on strains from the non-determined areas 
(Figure 5b). 
 

 

 
(a) 

 
(b) 

Figure 5 (a, b): Sensitive or antibiotic resistant strains of P. aeruginosa from different hospital services. 
Caption: CAZ: ceftazidime; FEP: cefepime; ICT: ticarcillin; TCC: ticarcillin + clavulanic acid; LVX: levofloxacin; GN: 
gentamicin; TMN: tobramycin, AKN: amikacin; CIP: ciprofloxacin; ATM: aztreonam; CST; Colistin; MEM: meropenem; 

IMP: imipenem; PIP: piperacillin 
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3.6 Antibiotic resistance profile of P. aeruginosa strains 

from different sampling sites 
 
All strains isolated from the different biological products, 
showed sensitivity to all tested antibiotics, with the 
exception of aztreonam. The majority of those isolated from 
abscess presented a sensitivity profile to all tested disks 
except for aztreonam (Figure 6a). Strains isolated in the 
cerebrospinal fluid, stool, ascites fluid and pleural fluid 
showed no resistance to antibiotics tested in this study 

(Figure 6b). The strains of P. aeruginosa isolated from the 
catheter showed a high resistance to imipenem. Thus, 2 
strains out of 4 expressed resistance to imipenem. The only 
active antibiotic was colistin. The majority of the strains 
isolated from the urinary catheters presented a resistance 
profile to all the antibiotics tested. 100 strains isolated from 
the abscess did not show much resistance profile. Strains 
isolated from unidentified sites, abscess and urinary probes 
showed a colistin resistance profile (Figure 6b).   
 

 
(a) 

 
(b) 

Figure 6 (a, b): Strains antibiotic sensitivity of from different biological products. 
Caption: CAZ: ceftazidime; FEP: cefepime; ICT: ticarcillin; TCC: ticarcillin + clavulanic acid; LVX: levofloxacin; GN: 
gentamicin; TMN: tobramycin, AKN: amikacin; CIP: ciprofloxacin; ATM: aztreonam; CST; Colistin; MEM: meropenem; 

IMP: imipenem; PIP: piperacillin. 
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3.7 Correlation between resistance to antibiotics and 

efflux systems 

 
The correlation between the antibiotic resistances of P. 
aeruginosa strains and efflux system has been studied using 
five different antibiotics as phenotypic resistance markers of 
these four clinically important Mex systems tested in this 
study. Ticarcillin is targeted to be the antibiotic substrate of 
the MexAB-OprM system; Cefepime for MexCD-OprJ, 
imipenem and ciprofloxacin for MexEF-OprN, and 
gentamycin for MexXY-OprM. By RT-PCR, expression of 
most mexB (155bp), mexD (250pb), mexF (350pb) and mexY 
(445pb) genes has been observed (figure 7). For ticarcillin-
resistant isolates of Pseudomonas aeruginosa, 83% of the 
strains expressing the mexB gene of the MexAB-OprM 
pump were observed. In terms of expression of the mexD 
gene encoding a MexCD-OprJ pump protein, 52% have 
been found of the strains resistant to cefepime. The mexF 

gene was studied for the expression and function of the 
MexEF-OprN pump specific to the resistance of two 
antibiotics (ciprofloxacin and imipenem), it was detected in 
62% of the cases. The mexY gene encoding MexXY-OprM 
has been detected in 59% of the strains resistant to 
gentamycin. Some isolates simultaneously presented the 
four different Mex systems as observed by conventional RT-
PCR. The mexB, mexD, mexF and mexY genes were 
amplified by PCR in 24 (37%) isolates simultaneously, 6 
(9%) isolates revealed the simultaneous presence of mexB, 
mexF and mexY. 3 (5%) isolates, revealed the simultaneous 
presence of the mexB, mexD and mexF genes. 1 (2%) isolate 
simultaneously had the mexB, mexD and mexY genes. The 
mexB and mexY genes were amplified simultaneously in 4 
(6%) isolates and 3 (5%) isolates revealed the simultaneous 
presence of mexB and mexF. 6 (9%) had only the mexB gene 
and 1 (2%) the mexD and mexF genes respectively. In our 
study 11 (17%) isolates had none of the targeted genes. 

 

Table 2: Efflux genes of resistant of P. aeruginosa strains 
Number  

of  strains 
Antibiotics Targeted genes Pumps Prevalence 

(%) 
6 Ticarcillin mexB MexAB-OprM 9 
1 Cefepime mexD MexCD-OprN 2 
1 Imipenem, Ciprofloxacin mexF MexEF-OprJ 2 
4 Ticarcillin, Cefepime mexB, mexD MexAB-OprM, MexCD-OprN 6 
3 Ticarcillin, Imipenem, Ciprofloxacin mexB, mexF MexAB-OprM, MexEF-OprJ 5 
4 Ticarcillin, Gentamicin mexB, mexY MexAB-OprM, Mexxy-OprM 6 
3 Ticarcillin, Cefepime, Imipenem, Ciprofloxacin mexB, mexD,mexF MexAB-OprM, MexCD-OprN, MexEF-

OprJ 
5 

1 Ticarcillin, Cefepime, Gentamicin mexB, mexD,mexY MexAB-OprM, MexCD-OprN 2 
6 Ticarcillin, Imipenem,Gentamicin mexB, mexF, mexY MexAB-OprM, MexEF-OprJ, MexXY-

OprM 
9 

24 Ticarcillin, Cefepime, Imipenem, Ciprofloxacin, 
Gentamicin 

mexAB , mexCD, 
mexEF, mexXY 

MexAB-OprM,  MexCD-OprN, MexEF-
OprJ, MexXY-OprM 

37 
 

11 Ticarcillin, Cefepime, Imipenem, Ciprofloxacin, 
Gentamicin 

None none 17 

 

 
Figure 7: PCR multiplex of 16S RNA and efflux genes (mexY, mexF, mexD and mexB). Number 1 to 16 correspond to P. 

aeruginosa strains 

 

4. Discussion 
 
This study carried out from 2012 to 2015 revealed the 
existence of a high prevalence of P. aeruginosa strains of 
previously isolated in hospital centres and biological 
products. At the level of hospital services, the Department of 
General Medicine showed a greater occurrence (35.48%) 
than the other 15 (64.52%). In addition, the prevalence of P. 
aeruginosa strains was higher in abscess (48.08%) 

compared to the 13 other biological products (51.92%). For 
P. aeruginosa strains isolated from hospital services, similar 
results were obtained by Kamga and al., 2015 [14]. As 
results studies revealed a high prevalence of P. aeruginosa 
strains isolated in medicine. However, our results seem to be 
in contrast with those obtained by Sefraoui in Algeria [31]. 
It has been shown the antibiotic the prevalence of 
Pseudomonas resistance was 65.90%.  As for organic 
products, similar results have been obtained by Chinbo and 
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al., 2014 [4]. For these authors, abscess showed a high 
prevalence of strains compared to other biological products. 
However, urine showed a high prevalence of these strains in 
studies carried out in Cameroon [14]. 
 
In terms of the resistance profile of P. aeruginosa strains, 
the study was carried out basing on 14 antibiotics belonging 
to 4 different families. We have been found that colistin is 
the most active antibiotic on P. aeruginosa with a low 
resistance level of 2.40%. Several studies have been 
demonstrated similar results [4], [5], [10], [14], [31]. The 
work carried out by these authors revealed no strain of P. 
aeruginosa to be resisted to colistin. However, a resistance 
rate of 2% was recorded with the work done by Goli and al 
[10] on P. aeruginosa strains from the Tabriz hospitals in 
Iran. This colistin activity is due to its lesser use in therapy 
in infections with P. aeruginosa and probabilistic antibiotic 
therapy. Moreover, resistance rates of 48.65% were 
observed by Moyen and al [23], P. aeruginosa strains 
isolated from the wounds of patients hospitalized at the 
CHU of Brazzaville in the Congo. This difference in colistin 
activity can be explained by the environment of the strains, 
by local habits in the consumption and prescription of 
colistin. On the other hand, low activity (30.77%) of 
ticarcillin belonging to the β-lactam family was observed 
with respect to strains collected from 2012 to 2015 in 
Abidjan. A similar resistance rate was recorded for 
Pseudomonas aeruginosa isolates in a Moroccan pediatric 
hospital by Chinbo and al., [4]. This low ticarcillin activity 
would probably be related to non-enzymatic mechanisms, 
mainly through efflux mechanisms [3]. Recent studies have 
found ticarcillin resistance rates of 73% in Iran [10], 35.5% 
in Cameroon [14], and 41.9% In Morocco [20]. For other 
antibiotics in the same family, resistance to ceftazidime was 
16.83% lower than in Iran (55%), Morocco (21%) and 
Congo (21.62%). Carbapenems, one of the best molecules of 
P. aeruginosa infections treatment, may also be affected by 
resistance. In our study, the resistance rate to imipenem was 
11.83% close to those obtained in Lister and al [17] and 
Chinbo and al [4] and above 6% in Congo [23] and 8% 
observed in Morocco [20]. Compared to previous data from 
the Observatory of Microorganism Resistance to Anti-
Infectives in Côte d'Ivoire, the antibiotic resistance rate of 
the β-lactam family decreased considerably, with the 
exception of imipenem. With this antibiotic, the resistance 
rate rose from 10.4% to 11.83% [11]. This decrease is due to 
an awareness of the consumption of antibiotics belonging to 
the β-lactam family. In the aminoglycoside family, amikacin 
was the most active antibiotic in pyocyanic bacilli with a 
resistance rate of 8.65% (www.memobio.fr/htlm/bact/ba-an-
paep.htlm). Similar results have been recorded in Côte 
d'Ivoire with the resistance rate of 5% [9], 6% [4] and 10% 
by ONERBA. With this antibiotic, the resistance rate was 
lower than 18.92% in Congo [23] and 12.9% in Morocco 
[20]. Our results show that the resistance levels of 
tobramycin and gentamicin were 18.75% and 20.19%, 
respectively. These rates are half below 40.54% and 
43.24%, recorded with strains of P. aeruginosa isolated in 
the Congo [23]. The difference in resistance could be 
explained by the origin of strains originating mainly from 
wounds and by the abusive use of antibiotics of this family 
in hospitals. In our study, resistance levels of 14.42% and 
16.83% were obtained with ciprofloxacin and levofloxacin 

belonging to the fluoroquinolone family. Ciprofloxacin was 
the most active fluoroquinolone on P. aeruginosa. However, 
the resistance rate of 13% was observed by Chinbo and al 
[4]. Furthermore, no resistant ciprofloxacin has been 
observed in Cameroon in P. aeruginosa strains isolated from 
hospitals in Yaoundé [14]. 
 
At the level of the medical service, the high resistance of P. 
aeruginosa strains is observed with ticarcillin and ticarcillin 
+ clavulanic acid. This resistance could be the formation of 
resistance gene reservoirs or efflux genes to these antibiotics 
by these strains. In addition, P. aeruginosa strains have a 
very high genetic plasticity, facilitating the acquisition of 
mobile elements encoding resistance mechanisms from other 
bacteria [22]. In addition, a 10% resistance to colistin was 
observed with strains of P. aeruginosa from pneumology 
service. This rate would be due to an abusive use of this 
antibiotic in this service. At the level of biological products, 
the high rate of resistance to ticarcillin, ticarcillin + 
clavulanic acid and piperacillin is observed with strains of P. 
aeruginosa isolated from abscess and sputum. The strains 
resulting from abscess and expectoration are multi-resistant. 
Our results contrast with those obtained by Chinbo and al 
[4] who showed multi-resistant strains from catheter 
specimens. Moreover, our strains obtained from urinary 
catheter, urine and bronchial aspirations were multiresistant. 
This multi resistance could be explained on the one hand by 
the production of biofilm by P. aeruginosa around 
biomedical devices and which gives it resistance to 
antibiotics administered parenterally [4]. On the other hand, 
the active efflux mechanisms would participate in the multi-
resistance to the antibiotics tested. 
 
Basing on correlation between the resistance of strains of P. 
aeruginosa and the efflux system, the study revealed that 83, 
52, 59 and 62% of the strains respectively resistant to 
ticarcillin (mexB gene), cefepime (mexD gene), Gentamicin 
(mexY) and imipenem and ciprofloxacin (mexF). These 
antibiotics would be indicators of efflux pumps in P. 
aeruginosa. At the origin of low-level resistances, efflux 
pumps in Pseudomonas aeruginosa can be the source of 
multi-resistant strains [22]. Analysis after RT-PCR showed 
that antibiotic resistance could be correlated with the Mex 
system in Pseudomonas aeruginosa strains. Moreover, these 
results tend to demonstrate the concomitant overexpression 
of efflux systems could superimpose their activity. The 
genetic study of the existence of the mexB, mexD, mexF and 
mexF genes representative of MexAB-OprM, MexCD-OprJ, 
MexEF-OprN and MexXY-OprM respectively. The 24 
(37%) isolates carrying the 4 target genes were resistant to at 
least 4 of the 5 antibiotic markers. This multi-resistance of 
its strains could be imvolved to the co-expression of these 
genes. 
 
5. Conclusion 
 
This work made possible to show antibiotic emergence of 
Pseudomonas aeruginosa strains from 2012 to 2015. Among 
208, 14 antibiotics have been tested with Pseudomonas 
aeruginosa obtained in a clinical setting and stored at the 
Center for Biological Resources (CeReB) Institut Pasteur of 
Côte d'Ivoire. 41% of the strains exhibited antibiotic 
resistance phenotypes. However, colistin remained the most 

Paper ID: ART20171420 DOI: 10.21275/ART20171420 488



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 

Volume 6 Issue 3, March 2017 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

active molecule. Antibiotics such as amikacin, imipenem, 
meropenem and ciprofloxacin may be recommended for P. 
aeruginosa infections, but the combination of β-lactams / 
aminoglycosides or β-lactams / fluoroquinolones would be 
more effective. Finally, this work has shown that there is a 
correlation between resistance to antibiotics and the 
expression of the genes coding for the components of the 
efflux pumps. 
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