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Abstract 

Objectives: The spread of bacterial resistance to antibiotics in the environment remains a major public health problem. 
Health centers, effluent treatment plants, livestock farms, households and collection centers are considered platforms 
for the transit and exchange of multi-resistant bacteria.  

Methods: This study was conducted to evaluate the level of antibiotic resistance of microorganisms in the environment. 
It consisted in collecting samples of wastewater from evacuation and sanitation channels in the city of Abidjan. A total 
of 99 samples of 2970 mL of wastewater were collected and standard microbiology methods were implemented. 

Results: At the end of the analysis, 215 coliforms of faecal or non-faecal, aquatic and telluric origin were identified. 
These microorganisms showed 55.81% resistance to β-lactams, mainly to amoxicillin, 7.67% to aminoglycosides, 6.05% 
to tetracycline and 3.49% to quinolones.  

Conclusion: Environmental bacterial strains are more and more resistant to the usual antibiotics. 
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1. Introduction

Antibiotic resistance knows no boundaries or species barriers, whether bacterial or animal [1]. This is a particularly 
complex problem [2] because of the diversity of the actors involved (manufacturers, producers, consumers, bacteria, 
fungi and viruses), multiple influences that are exerted, including environment, to contribute to the expansion of the 
phenomena of resistance currently observed. 
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In fact, antibiotics not only act on the bacterium responsible for the infection to be treated, but also, for the majority of 
them, on the useful and non-pathogenic bacteria of our organism and the environment [3], [4]. All bacteria are thus 
likely to acquire new mechanisms of resistance to antibiotics, in addition to those that some of them naturally possess 
[5]. 

Antibiotic treatment, repeated or occasional, may lead to the emergence of resistant bacteria that may lead to 
treatments with subsequent less effective antibiotics, for patients, but also for the community when they diffuse into 
the environment and transmit to other patients [6]. 

Through this study, the aim was to assess the level of antimicrobial resistance of certain bacterial strains of the 
environment, isolated from the sewage disposal channels.  

2. Methods 

2.1. Wastewater treatment 

Samples were taken at various sewage treatment in the sanitation section in Abidjan. These were the S7 Stations, at 
Abobo "SAMAKE", PK9 at Riviera 3, Aquarium at the Indénié in Adjamé, at the station of Pont De Gaulle in Plateau, at 
MU 8, 7J1, RPB1, MU 7, KS 1, in Koumassi and at Vridi-cité station (these names depend on the geographical location of 
the stations). 

2.2. Sample size 

Three samples of wastewater 30 mL were taken per station and per month over three (3) months; a total volume of 
wastewater were 2970 mL. 

2.3. Sampling technique and transport 

The wastewater samples were collected using a device with a 20 meter long rope attached to a sterile, glass container 
specific to each station. The samples were then transferred to 50 mL sterile plastic tubes, placed in a cooler containing 
with carboglasses and sent to the laboratory within two hours for analysis. 

2.4. Determination of the concentration of microorganisms in a sample 

The determination of the concentration of microorganisms on a culture medium was carried out by counting from a 
colony counter and the figure obtained is related to the volume of water analyzed according to the following steps: 

 A colony culture in a petri dish is placed on the agar side, against a light source; 
 Any colonies grown on the agar are counted; 
 The number of colony obtained is related to the volume of water analyzed; 

Thus for 5 ml of water analyzed after 24 hours, x colonies are obtained on the agar in question. The result of the 
enumeration performed is equal to x / 5 colonies per mL and expressed per colony forming unit per mL (CFU / mL). 
2.5. Bacteriological analysis 

The analysis of these samples was done in four stages for Enterobacteria: pre-enrichment, enrichment, isolation and 
identification. 

2.5.1. Pre-enrichment 

Each sample is homogenized, then 25 mL is aseptically removed and added to 225 mL of buffered peptone water (EPT) 
This 1/10 dilution of each sample is prepared by aseptically adding, manually, 225 mL of EPT to the sample previously 
measured unit of analysis. For each series of samples, a positive control and a blank are added. The positive control 
consists of a culture of Salmonella Typhimurium (for this bacteria) seeded in 225 mL of EPT. The negative control 
consists of 225 mL of EPS. 

The samples are incubated at (35 ± 1) ° C for 18 to 24 hours. 
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2.5.2. Enrichment 

Using a sterile Pasteur pipette, 0.1 mL of each pre-enrichment broth is transferred into 10 mL of Vassiliadis Soyapapad 
Rappaport (RVS), and 0.1 mL of the pre-enrichment culture in 9 mL of Tetrathionate supplemented with Bright Green 
(TBG); the whole is incubated at (42 ± 0.5) ° C for 24 ± 2 hours. 

2.5.3. Isolation 

SS selective agars, Bile Esculin Agar, Potassium Tellurite, Methyl Blue Eosin and Hecktoen are used. They are seeded by 
depletion streak technique from the same enrichment broth and are incubated for 24 hours in an oven at 37 ° C. 

2.5.4. Identification 

The identification of isolated strains is based on the biochemical characters displayed by each crop. For this purpose, a 
reduced rack of Le Minor which is incubated at 37 ° C for 24 hours. 

2.5.5. Antibiotic resistance 

The antimicrobial resistance of the microorganisms identified was carried out according to the Mueller-Hinton Agar 
agar diffusion method, for 16 antibiotic discs (BIORAD), according to the recommendations of the Committee of the 
antibiogram of the French microbiology company (CA- SFM, 2014). 

3. Results and discussion 

The enterobacteria isolated in this study number 172 and are listed in the table 1. 

Table 1 Isolated enterobacteria 

 Microorganisms Enterobacteria 

Isolated workforce (N=172) % 

1 Citrobacter diversus 5 2.91 

2 Citrobacter freundii 18 10.47 

3 Enterobacter cloacae 31 18.02 

4 Escherichia coli 53 30.81 

5 Klebsiella ocytoca 28 16.28 

6 Klebsiella pneumoniae 13 7.56 

7 Klebsiella terrigina 5 2.91 

8 Salmonella spp. 14 8.14 

9 Serratia fonticola  3 1.74 

10 Serratia odorifera 2 1.16 

 

Table 2 Non-Enterobacteria isolated 

N° Microorganisms 
Non-Enterobacteria 

Isolated workforce (N= 43) % 

1 Enterococcus faecalis 9 20.93 

2 Enterococcus spp. 13 30.23 

3 Pseudomonas aeruginosa 12 27.91 

4 Staphylococcus aureus 9 20.93 
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The work carried out has shown non-enterobacterial microorganisms, they are microorganisms naturally present in 
the environment Table 2. 

The microorganisms isolated in this study fall into two groups: enterobacteria and non-enterobacteria. E coli strains 
belonging to the enterobacteria group are not naturally present in the environment; they are microorganisms of the 
digestive tract of humans and warm-blooded animals [7]. The results of our study show a remarkable presence (53%) 
of these microorganisms in samples taken from the environment. This is the same observation made by [8], and it 
showed that the contamination of the urban environment by E coli resulted from the presence mainly of wastewater 
and domestic waste. This could mean that the presence of a source responsible for faecal contamination of the sewage 
channels. At the level of treatment plants, the treatments applied to eliminate microorganisms have an impact on the 
survival of certain microorganisms including E. coli [9]. E coli strains can be detected up to 13 months in wastewater 
and in soils near sewage treatment plants [10]. The presence of E. coli remains an important indicator of water quality 
analysis. 

The level of resistance expressed by the microorganisms of the family of β-lactams, aminoglycosides, quinolones 
sulfonamides, diaminopyrimidine, polypeptides and tetracycline are recorded in the table 3. 

Table 3 Characteristics of microorganism’s vis-à-vis the usual antibiotics 

Family Antibiotics 

% 
Enterobacteriaceae 

(N= 172) 

% Non- 
Enterobacteriaceae 

(N=43) 

% Total 
number 

(N= 215) 

β-lactamines 

Amoxicilline 53.49 65.12 55.81 

Amoxicilline + acide 

clavulanique 
44.77 48.84 45.58 

Ticarcilline 43.60 46.51 44.19 

Cefalotine 39.53 41.86 40.00 

Cefoxitne 31.98 53.49 36.28 

Cefuroxine 37.79 44.19 39.07 

Ceftriazone 12.21 25.58 14.88 

Aztreonam 8.72 32.56 13.49 

Imipenem 14.53 30.23 17.67 

Aminosides Kanamycine 5.23 16.28 7.44 

 Gentamycine 6.40 11.63 7.44 

 Tobramycine 7.56 4.65 6.98 

 Netilmycine 5.81 20.93 8.84 

Quinolones Acide Nalidixique 1.74 4.65 2.33 

 Ciprofloxacine 4.07 6.98 4.65 

Sulfamindes et 
diaminopyrimidine 

Cotrimoxazole 2.33 4.65 2.79 

Polypeptides Colistine 1.16 2.33 1.40 

Tetracycline Tetracycline 5.23 9.30 6.05 

 

A part from E. coli, several other germs in the Enterobacteriaceae group have been isolated from environmental samples.  

The remarkable presence of P aeruginosa (27.91%) in the environmental samples is a sign of the proximity of our study 
sites to hospitals or the expression of the discharge of hospital effluents into the collection pipes. Wastewater. Because 
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P aeruginosa although present in the environment, is much more of hospital origin. The analysis of the environmental 
samples also revealed the presence of Enterococcus spp (30. 23%) strains of which 20. 93% are E faecalis. This presence 
of enterococci is a sign of faecal contamination of wastewater; better the drainage channels of these waters could be 
connected to septic tanks or latrines.  

Different microorganisms from the non-enterobacteria group were isolated during this study. 

The overall level of resistance of microorganisms isolated from wastewater is presented and expresses a specificity 
related to a level of resistance to β-lactams. These antibiotics, which according to [11] are widely used in human 
therapies, have within their chemical structure a β-lactam nucleus that enables them to act on the bacterial wall by 
blocking the transpeptidation process. Unfortunately the abuse and bad practices of antibiotic therapy have led 
microorganisms to develop resistance to these molecules.  

4. Conclusion 

The wastewaters collected in the evacuation channels of the District of Abidjan, contain countless microorganisms, some 
of which have been identified as carriers of resistance; thus confirming the importance of the level of resistance of these 
microorganisms in the environment. This represents a public health risk to populations. In addition, these 
microorganisms that were previously sensitive to antibiotics such as β-lactams, aminoglycosides and quinolones used 
in human therapy have acquired forms of high and disturbing resistance. 

This is the place to challenge the competent health authorities on arrangements to guarantee a rational use in order to 
preserve the quality of the environment. 
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