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 In this study, we investigated the prevalence of antibiotic resistance patterns of bacteria 

isolates found in surface waters within an agricultural area. The study area consisted of 
a coastal canal called Messida that connects the Lake TONGA (RAMSAR site) with the 

Mediterranean Sea. The bacteria isolates were tested for susceptibility to thirteen 

antibiotics: Ampicillin, ticarcillin, imipenem, cephalothin, cephotaxime, tetracycline, 
gentamycin, amikacin, chloramphenicol, ciprofloxacin, nalidixic acid, nitrofurantoin, 

and fosfomycin using the disk diffusion method. A total of 328 species of bacteria were 

isolated: the most common strains isolated from all samples were enterobacteria (81.1 
%), Aeromonashydrophila (14.63%), staphylococci (2.13%), and pseudomonads 

(1.83%). All bacteria isolated from waters of Messida canal, were resistant to 2 or more 

antibiotics. Highest prevalences of resistance were detected to ampicillin (100%), 
tetracycline (75.6%), ticarcillin (71.2%), ciprofloxacin (54 %) and chloramphenicol (44 

%). No antibiotic resistance bacterial strains were detected to imipinem. At the global 

scale of the Lake Tonga watershed, domestic wastewaters, agriculture activities and 
animal reservoirs seemed more likely to be the predominant sources of the antibiotic 

resistance bacteria found in the Messida canal. This was corroborated by the similarity 

of the MAR indices from point source and non-point sources isolates for all bacteria. 
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INTRODUCTION 
 

 Antibiotics are widely used in human and veterinary medicine to control bacterial infections [45]. 

Those molecules are discharged to wastewater with faeces and urine, and they can find their way to surface 

waters that receive treated effluents [23, 31], disposal of sewage, hospital wastewater and animal waste [47].   

Some studies indicated impact of wastewater treatment plant effluents on antibiotic resistance of bacteria in the 

receiving water reservoirs [29], and the United States Environmental Protection Agency [51] concluded that 

antimicrobials contained in manure and biosolids mayenhance selection of resistant bacteria by entering the 

aquatic environment through pathways of diffuse pollution.  

Rivers are the main receptacle for pollution from these and other sources and constitute efficient vectors for the 

spreading of antibiotic resistance [39].  

In recent years, more and more studies have shown that antibiotic resistant bacteria are widely spread in 

various natural and artificial aquatic environments [2, 29]:rivers [3, 20] estuaries [38], lakes [14] and coastal 

waters [28]. It has been suggested that resistance in bacterial populations may spread from one ecosystem to 

another [26]. 

The presence of antibiotic resistant bacteria is becoming a concern of public health; it has become an 

important environmental contamination [44], because the antibiotic resistance genes can be transferred between 

bacteria in the environment through plasmids, integrons and transposons [36, 41].  

The existence among the environmental bacteria of a reservoir of antimicrobial resistant mechanisms 

(environmental resistome), still largely unknown, and the potential transfer to pathogenic bacteria represent a 

real health issue for the future generations[17].Furthermore, the emergence of foodborne/waterborne antibiotic 
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resistant bacterial strains can result in serious health problems whenever Salmonella, Vibriospp., 

Aeromonasspp., or other enteric infections are treated [13]. 

Due to the problems brought by antibiotic resistant bacteria, the present paper aims to contribute, for 

the first time, to the knowledge of the emission of antibiotic-resistant bacteria into waters of Messida canal 

(Algeria) which is a biological corridor allowing exchanges Lake Tonga- Mediterranean Sea, and the main 

resource for irrigation purposes in the region. The total resistance of bacterial communities was tested with the 

use of drugs which are commonly used in human and veterinary medicine in Algeria. 
 

MATERIALS AND METHODS 
 

2.1. Site description and sample collection: 

 The Messida canal is a coastal canal connecting the Lake Tonga with the Mediterranean Sea (Fig.1). This 

canal is located between 36° 53’ 60 N and 8° 31’ 0E in a north-eastern wetland of Algeria, its length is 

approximately 1500 m with a maximum depth of 2.5 m in the center. The Messida canal is used for recreational 

activities such as boating, fishing, irrigation and the Messida coasts are well-known summer destinations. The 

land of the investigated area is typically agricultural, used for pasture and crops. The major cultivated land is 

intensive farming and extensive animal rearing, essentially local cow breeds.  

 Four samples were used with the objective to cover different degrees of anthropogenic pollution in Messida 

canal: The first one (S1) was collected upstream canal water, about 100 meters from Lake Tonga (where there is 

a horse farm beside the canal). The second one (S2) was sampled in the station of irrigation of Tonga tree 

nursery. The third sample (S3) was collected upstream from pasture area. The fourth station (S4), downstream 

canal water was collected approximately 50 m from the Mediterranean Sea (Fig.1). All water samples were 

collected between September 2010 and April 2013. Grab water samples were collected from at least 50 cm away 

from the bank, from a depth of approximately 20 cm below the water surface, kept at 4 °C in sterile 250 ml 

bottles and analyzed within 24 h [1]. 

 

 

 
 

 

Fig.1:Map of the Messida canal with location of the sampling stations. (Map of El Kala National Park  

Wetlands ‘PNEK’ adapted from Algerian Ministry of Agriculture, Forestry Department, ParkBraptia). 

 

2.2. Bacterial isolation:  

 The bacteriological analysis for coliforms, Salmonella, Shigella, Vibrio cholerea, Pseudomonas and 

Staphylococcus were determined by Rodier’s method [43]. 

Briefly, One milliliter of the water sample was serially diluted in sterile water and plated on different basic 

media: 

To isolate enteric bacteria, breeding grounds were using: Mac Conkey Agar, Hektoen Agar (Fluka, 

Switzerland), and Salmonella–Shigella Agar (FlukaAnalytica, India), inoculated with appropriate dilutions from 



149                                                                    Benhalima Lamia et al, 2015 

Advances inEnvironmental Biology, 9(18) August 2015, Pages: 147-156 

the sample homogenates, and incubated for 24–72 hours at 35 °C. Salmonella and Shigella strains were isolated 

after pre-enrichment in buffered Peptone Water (FlukaBioChemica, Spain). Enrichment followed in selenite 

broth (FlukaBioChemica, Spain) by incubation at 36 °C for 24 h, and Rappaport-Vassiliadis broth 

(FlukaBioChemica, Spain) by incubation at 42 ± 1 °C for 24 h. Two loopfuls from each enrichment broth were 

subcultured on Salmonella–Shigella Agar (SS) (Fluka, Analytica, India), which was incubated at 36 °C for 24 h.  

Biochemical identification of the bacterial species was performed using API 20E systems (Biomérieux, Marcy 

l’Etoile, France) in addition to colonial morphology, Gram stain, motility, oxidase, and catalase test [34].  

To isolate Pseudomonas strains, samples were streaked onto Cetrimide Agar (Fluka, USA). The plates 

were incubated at 37°C for 24 hours. A single irregular blue green colony was picked for Gram 

staining.Presumptive identification of P. aeruginosa was performed on each CFU and was based on standard 

procedures (Motility, production of pyoverdine, and positive oxidase test) and confirmed using biochemical API 

20 NE system (Biomérieux, Marcy l'Etoile, France)[54].  

Staphylococci were grown 24 h at 37 °C on Mannitol Salt Agar (Biomérieux, Marcy l'Etoile, France). 

Preliminary characterization included Gram staining, and the tests for cytochrome c oxidase, catalase and 

coagulase (Biokar Diagnostics, Beauvais, France). Isolated strains were biochemically identified by 

conventional tests followed by use of API Staph system (API Staph, BioMérieux, Marcy l’Etoile, France) [24]. 

Vibriocholerae were isolated using alkaline peptone water (APW) and were incubated at 37°C for 16-

18 h. The turbid cultures were streaked onto Alkaline Bile Salt Agar (Oxoid, Basingstoke, Hampshire – 

England). All colonies on BSA plates which were suspected of being V. cholera were further examined by 10 

biochemical assays includingoxidase, motility, sucrose and lactose fermentation, growth in0% NaCl, arginine 

dehydrolase, ornithine decarboxylase, methylred, Voges–Proskauer and indole test [7]. 

Identified cultures were stored in cryoprotective medium at -80°C and tested for susceptibility to 

antimicrobials. 

 

2.3. Antibacterial susceptibility testing:  

 In this study, 328 bacterial isolates was selected for antibiotic susceptibility. Susceptibility testing was 

performed by an agar diffusion test [4], using Mueller–Hinton agar (Oxoid, UK)and 13 antibiotic discs (Lab. 

Pvt. Mumbai, India): 

Ampicillin (AM, 10 μg), ticarcillin (TI, 75 μg), imipenem (IPM, 10 μg), cephalotin (CF, 30 μg), cefotaxim 

(CTX, 30 μg), tetracycline (TE, 30 UI), gentamycin (GEN, 15 μg), amikacin (AKN, 30 μg), chloramphenicol 

(C, 30 μg), , ciprofloxacin (CIP, 5 μg), nalidixic acid (NA 30 μg), nitrofurantoin (NIT, 300 μg), and fosfomycin 

(FOS, 15 μg + 50 μg G6P) 

The inoculum for antibiotic resistance pattern testing was prepared in physiological saline solution (0.9 

% NaCl) by dispensing a single colony picked up with a sterile cotton swab. The turbidity of the resulting 

solution was adjusted to 0.5 McFarland standard. Fifteen minutes after the discs were applied (6 disks per plate); 

the plates were inverted and incubated at 35-37 °C for 18-24 h.The results of inhibition zones were interpreted 

as sensitive (S), intermediary sensitive (I), and resistance (R) according to the reference to the French committee 

for antimicrobial standards (CA-SFM) [10]. Intermediate and resistant isolates were subsequently grouped in a 

same resistant class, following Reinthaleret al. [42].  

Reference strains of Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, 

Staphylococcus aureus ATCC 25923 as recommended by CA-SFM [10], were used as control organisms for 

verification of the antibacterial effect of the discs.   

An isolate was classified as multiple antibiotic resistant (MAR) when presented resistance to antibiotics 

belonging to three or more classes [52]. 

Multiple antibiotic resistance (MAR) index of present isolates against the tested antibiotics was 

calculated based on the following formula [46]: 

MAR index = X / (Y × Z) 

Where, 

X = Total cases of antibiotic resistance 

Y = Total number of antibiotic used in the study 

Z = Total number of isolates  

A MAR index value higher than 0.2 is observed when isolates are exposed to high risk sources of human or 

animal contamination, where antibiotics use is common; whereas a MAR index value equal or less than 0.2 is 

observed when antibiotics are seldom or never used for the human or the animal in terms of treatment [30]. 

 

2.4. Statistical analysis:  

 One way analysis of variance (ANOVA) was performed to test the significant difference in the antibiotic 

resistance frequency at different sampling sites and critical P-value was set at 0.05.  

 

 



150                                                                    Benhalima Lamia et al, 2015 

Advances inEnvironmental Biology, 9(18) August 2015, Pages: 147-156 

Results:  

3.1. Bacterial flora:  

 A total of 328 bacteria strains were isolated from surface water samples of the Messida canal (128 from S1, 

34 from S2, 95 from S3 and 71 from S4). All isolated were identified to at least the genus level. The dominant 

isolate was Escherichia coli (21.95%). The rest were significantly lower (Fig.2).  

 

 
 

Fig. 2:Percentages of bacteria isolated from the waters of Messida canal. A = Escherichia coli, B = Klebsiella 

oxytoca, C = Citrobacterfreundii, D = Aeromonashydrophila, E = Serratiamarcescens, F = Proteus 

vulgaris, G = Providenciasp, H = Pseudomonas aeruginosa, I = Staphylococcus epidermidis, J = 

Staphylococcus aureus, K =Staphylococcus saprophyticus, L = Pseudomonas fluorescens, M = 

Salmonella typhimurium, N = Proteus mirabilis,O = Serratiaodorefira, P = Hafniaalvei, Q = 

Enterobacteragglomerans, R = Edwardsville sp., S = Morganellasp., T = Yersinia enterocolitica, U = 

Enterobacter cloacae, V = Shigellaspp., W = Vibrio cholerae, X = Proteus morganii, Y = 

Edwardsiellatarda. 

 

3.2. Antibiotic susceptibility test:  

 Most of the isolates were resistant to more than one antibiotic. The isolates varied in their antibiogram to 

the ten antibiotics (Tab.1). The most frequently detected resistances were to ampicillin (100%), followed by 

tetracycline (75.6%), ticarcillin (71.2%), ciprofloxacin (54 %) and chloramphenicol (44 %). No resistance was 

observed to imipenem (Fig.3).  

 The isolates from the four stations showed high resistance to AM (100 %), TI (S1: 76.6%, S2: 79%, S3: 

77.9, S4: 52.1), and TE (S1: 89.1%, S2: 53%, S3: 90.5, S4: 42.2). Lower resistance frequencies were found in 

the isolated strains from S1 for the antibiotics CF, GEN, AKN, NIT and FOS. No isolated strains were found to 

be resistant to GEN and FOS in the water samples collected at the S2 of Messida canal. The frequencies of 

resistance to CF, NIT and FOS in the bacterial strains isolated from S3 were found to be lower than other 

antibiotics. Among the site S4 isolates, the levels of CF, GEN, and AKN resistance at the site S4 were found to 

be higher than other sites. No significant differences in resistance frequencies were found among the four sites 

(ANOVA, F= 0.26, p = 0.852). 

 Twenty-one different resistant patterns were observed among all 328 isolates in surface water from the 

Messida canal (Tab.1). Different drug resistance patterns were observed among the bacteria isolates from four 

sites of Messida canal. Bacteria isolates from site S1 exhibited 16 antibiotic resistance patterns. However, at S2, 

S3 and S4, 8 or more than 8 resistance patterns were observed. The most common multiple-drug resistance 

pattern was AM/TI/TE/CIP, which accounted for 66 isolates, followed by AM/TI (44 isolates), 

AM/TI/CTX/TE/CIP/NA (38 isolates) and AM/TI/CTX/TE/AKN/C/CIP/NA (36 isolates) (Tab.1).  

 Majority of Escherichia coli isolates (more than 20 % of the bacterial isolates) were found resistant to 5 out 

of 13 antibiotics, on the other hand, most of the Serratiamarcescens, Klebsiellaoxytocaand Staphylococcus 

epidermidisisolates showed resistant to 8 antibiotics. Only one strain of Vibrio choleraeand Staphylococcus 

aureusisolates was resistant to 6 and 10 antibiotics respectively (Tab.1).  

 The MAR index ranged from 0.15 to 0.62 with a mean value of 0.34 in the water samples collected from 

the four sites of Messida canal. The highest value of the MAR index was observed at the sites S1, S3 and S4 

(MAR 0.62-0.5), followed by the site S2 (MAR 0.46). 

 All MAR index value of bacteria isolates were found to be more than 0.20 (except for Serratiaodorefiraand 

Hafniaalvei: MAR 0.15 ), where the highest MAR index was exhibited by Staphylococcus epidermidis(0.62), 

followed by Staphylococcus aureus(0.58), Klebsiellaoxytoca(0.51), Serratiamarcescens(0.49), Pseudomonas 

fluorescens, Edwardsiellasp., and Yersinia enterocolitica(0.38), Citrobacterfreundii(0.33), Staphylococcus 

saprophyticus, Salmonella Typhimurium, Enterobacteragglomeransand Vibrio cholera (0.31), E.coliand 

Aeromonashydrophila(0.27). For the others bacteria isolates, the MAR index ranged from 0.26 to 0.23. 
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Table 1: Resistance patterns of the bacteria isolates from waters of Messida canal. 

 
 

 
 

Fig.3:Antibacterial resistance of bacteria isolated from waters of Messida canal. AM: ampicillin; TI: ticarcillin; 

IPM: imipinem; CF: cephalotin; CTX: cefotaxim; TE: tetracyclin; GEN: gentamycin; AKN: amikacin; 

C: chloramphenicol; CIP: ciprofloxacin; NA: nalidixic acid; NIT: nitrofurantoin, FOS: fosfomycin.  

Discussion:  
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 Thepresent investigation showed a wide presence of antibiotic resistantbacteria in the Messida canal 

which is an important ecosystem for the catchment basin of Lake Tonga. 86.58% of the bacteria found in the 

waters of Messida canal were MAR (resistant to three or more classes of antibiotics). Furthermore, recent 

studies have reported that antibiotic resistant bacteria have been widely isolated from agricultural areas, 

Palhareset al. [37] found that 49.5% of Salmonella strains isolated from an animal-based agriculture river 

system in Brazil were resistant to at least one antibiotic, and  multi-resistance occurred in 18% of isolates; 

Wawireet al. [55] has however shown that over half of the environmental isolates (53.8%) from domesticated 

animals and the environment in Lake Victoria Kenya  were resistant to at least one class of antibiotics.  

Our study shows a very high prevalence of resistance to ampicillin, ticarcillin, tetracycline, and 

ciprofloxacin. Only imipenem proved to be effective against all isolates which is the most effective antibiotic 

against both Gram-negative and Gram-positive bacteria [49]. 

The resistance to ampicillin and ticarcillin could be explained by the fact those ß-Lactam antibiotic 

have been extensively used for decades or it might be due to the presence of natural populations of beta-lactam 

resistant bacteria [15].  Tao et al. [50] found that among Gram negative bacteria coming from the Pearl Rivers in 

South China, was most frequent to ampicillin; in contrast, Goni-Urrizaet al. [18] found that only 20% of 

enterobacteria were resistant to ampicillin at the downstream of urban effluent discharge point in Arga River, 

Spain. However, our results contrasted with those obtained by Youenouet al. [56], who observed except four 

strains of Pseudomonas aeruginosa isolated from manure (cattle manure and horse manure) and soil were 

resistant to ticarcillin. 

The high proportions tetracycline-resistant bacteria detected at S1 (89.1%) and S3 (90.5%) could be 

explained by human activities at the upstream of Messida canal near the horses farm, rest areas (S1), and pasture 

area (S3). The water quality in the upstream of Messida canal is influenced directly by the horse manure and 

indirectly by the contributions of the Lake Tonga waters which is affected by untreated wastewater from nearby 

villages.  Harniz [22], suggest that the presence of tetracycline resistant bacteria was correlated with 

anthropogenic stressors. Palhareset al. [37] observed that 13.8% of the Salmonella isolated from farms located 

around the Pinhal catchments in Brazil were resistant to tetracycline and they demonstrated a close interaction 

between animal-based agriculture, Salmonella, and antimicrobial resistance. The prevalences of resistance to 

tetracycline similar to the ones found in this study were observed in fecal samples of healthy human or in 

municipal WWTPs [11, 40]. A high percentage (95%) of tetracycline resistance was found by Bessaet al. [5] in 

enteric bacteria isolates from intestinal content, and animals that were raised in nine farms in Rio Grande do Sul 

State in Brazil. Maal-Bared et al. [32] also showed the highest frequency of resistance of E. coli isolates 

retrieved from four sites along an agricultural creek was to tetracycline, followed by ampicillin. 

High resistance (53%) to ciprofloxacin was reported in E. coli strains isolated from a hospital 

Wastewater in Vietnam [12]; this suggests that high resistance frequencies for CIP (54%) obtained in this study 

are possibly due to wastewater discharge and human activities along the canal in this area.  

The occurrence of resistance to various antimicrobials tested demonstrates that there is a relatively high 

maintenance of resistance among environmental bacteria isolates [55], and it suggest that environmental 

conditions encountered in waters of Messida canal did favor antibiotic resistance selection; some studies suggest 

that a variety of water quality variables showed strong relationships with antimicrobial resistance that may be 

worth examining further [32]. These variables include water depth, nutrient concentrations, temperature, 

dissolved oxygen and salinity [32]. 

However, lower detection of antibiotic resistant bacteria (CF, NIT and FOS) at each site of the Messida 

canal is primarily due to the low use from these antibiotics as human medicines or veterinary practice in this 

region, because the emergence of antimicrobial-resistant bacteria is common to areas where antimicrobials are 

used carelessly in medicine and in intensive animal husbandry [6, 35].  

The isolates showing resistance to the greatest number of antibiotics had been identified in 

Staphylococcusaureus strain.  Significant levels of antibiotic resistance had been found also for 

Serratiamarcescens, Klebsiellaoxytoca, Staphylococcus epidermidis, Citrobacterfreundii, 

Aeromonashydrophila, and Vibrio cholera strains. High multiresistance incidence, similar to or higher than 

those found in this study have been reported in aquatic environments and fish isolates [33, 34, 53]. 
This data concerns public health, since these microorganisms could be contributing, at an environmental level, 

to the dissemination of resistance genes, the establishment of contamination points and also influence the use of 

ß-lactams and other antibiotics in the control of infectious diseases [16]. 

The MAR index value beyond 0.20 in every species of bacteria isolated (except tow species from 328 

bacteria isolates). This result indicated that there has been high risk in exposure to antibiotics such as ampicillin, 

tetracycline, ticarcillin and ciprofloxacin. For the most prevalent family in our study, the enterobacteriaceae, the 

higher MAR index found is 0.56; Jones et al. [27] reported that E. coli isolated from English lake waters had a 

greater incidence of antibiotic resistance than did the native aquatic bacteria. Staphylococcus 

epidermidisrecorded MAR index at 0.62. A high incidence of antibiotic resistance in Staphylococci was 

reported by Harakehet al. [21] for the Lebanese aquatic environment.  
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Antibiotic-resistant bacteria isolates entering into waters of Messsida could increase risks to public 

health and ecologically impact population dynamics and interactions among bacterial, although studies show 

that the surface water contaminated with antimicrobial resistant bacteria can be a reservoir for the transmission 

of resistant bacteria and resistance genes to humans through untreated or inadequately treated drinking water 

irrigation water, and through recreational activities. It can also be transmitted to livestock, wildlife, and birds 

through horizontal transfer of resistance genes witch is considered an important mechanism in the emergence of 

resistance in E.coli and Klebsiella pneumonia [8, 9, 25, 48].  

 

Conclusion:  

 The results presented here, provide a baseline data on antibiotic resistance profiles and patterns in surface 

waters of a coastal canal (Messida) within one of the most important wetlands of the Algerian Northeast (El 

Kala National Park). In general, water in Messida canal exhibited the highest antibiotic resistance. The result 

proved not only the existence of multiple-antibiotic-resistant bacteria but also the wide distribution of five- six 

and height -antibiotic-resistant bacteria in twelve of bacteria isolates in the waters of the Messida canal. The 

pathogens in our study, particularly Salmonella, Vibrio choleraeand Staphylococcus aureus, were MAR 

(resistant to four, six and ten antimicrobials respectively). The occurrence of antibiotic-resistant pathogens in 

water destined to irrigation and fishing may represent a hazard under conditions capable of favoring their 

overgrowth. 

 Human activities along the canal (agricultural, livestock, the use of manure as fertilizer) and the 

contributions which come from the lake Tonga are most probably the main cause of widespread presence of 

antibiotic resistant bacteria in the canal.  

 Thus, monitoring of the antimicrobial resistance patterns of bacteria isolated from the surface waters may 

be of value to assess the aquatic environmental conditions in this region.  

 We must invest in better education and training for veterinarians and farmers and more comprehensive 

information for the general public on the harm done by using antimicrobials improperly in agriculture and 

livestock production. 
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