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Abstract 

The health problems caused waterborne pathogens bacteria belonging to the Enterobacteriaceae family are aggravated 
by the rise of antimicrobial resistant bacteria phenomenon. This has been identified as one of the biggest global health 
challenges. The present study aims to make a comparative approach of the sensitivity/resistance to antibiotics of 4 
Enterobacteriaceae Enterobacter cloacae, Citrobacter freundii, Salmonella typhi and Shigella sonnei isolated from 
wastewater, streams and groundwater in Yaounde town (Cameroon, Central Africa). Bacteria were isolated using 
standard methods their identification using the API 20E systems. The antibiogram tests were carried out using the 
Müller-Hinton antibiotic disc diffusion method. Results showed that inhibition diameters of antibiotic varied (P<0.05) 
with respect to the bacterial species on one hand, and with respect to the type of water harbored cells on the other hand. 
The proportion of bacterial strains of each isolated species, and which were sensitive or resistant varied from one 
antibiotic to another within the same antibiotics family. For β-lactams tested, no E. cloacae strain has been sensitive. 
The proportion of sensitive strains of other species varied between 5.88% and 23.53%. For the 2 aminoglycosides 
tested, 5.88% of the strains of each isolated species were resistant to gentamycin. Of the 3 quinolones tested, all strains 
of E. cloacae and C. freundii isolated were fully resistant to Norfloxacin and of Ofloxacin. For the 3 
Sulfonamides+trimethoprim, all strains of C. freundii and S. typhi isolated were resistant to Nurofurantoin and 
Fosfomycin. Most of bacteria strains isolated in wastewater and surface water were resistant to all the antibiotics tested. 
Many bacterial strains tested were multi-resistant. This multidrug resistance was more marked in E. cloacae and C. 
freundii species isolated from wastewater and surface water. This represents a health risk for humans and the aquatic 
environment.  
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1. Introduction 

A significant proportion of bacteria isolated in freshwater are of the Enterobacteriaceae family. Their abundance in the 
intestine, their mobility and the frequent acquisition of antibiotic resistance mechanisms explain why they are the most 
involved bacteria in human infectious pathology [1]. Most effluents from municipal, industrial, veterinary activities, 
hospital and secondary treatment sources harbored enterobacteria [2, 3]. These discharges often lead to the 
contamination of natural aquatic environments [4, 5]. In addition, antibiotics and their metabolites released have a 
direct impact on microorganisms in the environment [6-8].  

Antibiotics can be classified on the basis of their mechanisms action and the mechanisms of the antimicrobial resistance, 
although resistance mechanism of individual antibiotics has been indicated [9-11]. Based on of the mechanisms of their 
action, they can be grouped in antibiotics targeting cell wall, inhibitors of protein biosynthesis, inhibitors of DNA 
replication and folic acid metabolism inhibitors. Based on of the mechanisms of the antimicrobial resistance, there is 
two main ways: the antibiotic inactivation and the prevention of accumulation of antimicrobials either by decreasing 
uptake or increasing efflux of the antimicrobial from the cell i.e., changes in outer membrane permeability.  

According to Li et al. [12], the efficacy of antimicrobials in general are influenced by many factors including: a)-the 
bacterial status (susceptibility and resistance, tolerance, persistence, biofilm) and inoculum size; b)-the antimicrobial 
concentrations [mutant selection window and sub-inhibitory concentration]; c)-the host factors. Bacterial status is one 
of the determinants for antimicrobial activity. The bacterial phenotypes are different under antibiotic exposure, such as 
susceptibility, resistance, tolerance, and persistence [13]. Antibiotic resistance happens when germs develop the ability 
to defeat the drugs designed to kill them. This does not mean the body is becoming resistant to antibiotics; it is that 
bacteria have become resistant to the antibiotics. The germs are not killed and continue to grow. This phenomenon has 
the potential to affect people at any stage of life, making it one of the world’s most urgent public health problems [14]. 
Several works conducted on the resistant profile of bacteria isolated from hospital environments and belonging to the 
Enterobacteriaceae family are resistant to different families of antibiotics [15].  

The origins of antibiotic resistance could be resulted from genetic jugglery during which random mutations of the genes 
encoding the enzymes can give rise to modified catalysts with increasingly extended spectra of resistance and intrinsic 
resistance which refers to the existence of genes in bacterial which genomes that could generate a resistance phenotype 
[16, 17]. Other origin is from resistosme. This refers to all the antibiotic resistance genes in communities of both 
pathogenic and non-pathogenic bacteria or all of the resistance genes in an organism, how they are inherited, and how 
their transcription levels vary to defend against pathogens like viruses and bacteria [18-20]. For this, bacterial strains 
resistant to antibiotics can be isolated by plating environmental bacteria on antibiotic-containing media since most 
possess genes encoding resistance to the compounds that they produce [21]. Bacteria can thus be naturally resistant to 
particular antibiotics; others, however, develop resistance through genetic mutations induced via exposure to 
antibiotics. Antibiotic resistance also has the opportunity to spread, given the ease of exchanging the material relating 
to resistance between bacteria species [22]. Antibiotic resistance genes isolated are usually not present in pathogenic 
bacteria, nor do they appear in the antibiotic era, but rather originate from antibiotic-producing microbes or those that 
cohabit with them in the environment [23].  

Enterobacteriaceae are enzyme producers and possess other mechanisms of resistance to many antibiotics [24, 25]. 
The high concentration of these germs in the gastrointestinal tract favours the exchange and dissemination of resistant 
genes in the environment [26, 27], particularly in domestic and hospital wastewater, and sometimes even in 
groundwater and surface water. In these different water systems, antibiotic susceptibility of bacteria can be impacted 
by many environmental factors [28, 29].  

Each year, waterborne diseases afflict hundreds of millions of people, primarily those living without safe, accessible 
water in developing countries. Waterborne diseases are illnesses caused by microscopic organisms that are ingested 
through contaminated water or by coming in contact with feces, with diarrhea as the central symptom [30]. Some of 
waterborne pathogens are ubiquitous [31]. Most of the concerned bacteria belongs to the Enterobacteriaceae family 
[32, 33]. The situation is aggravated by the rise of antimicrobial resistant bacteria which has been identified as one of 
the biggest global health challenges [34]. 

Few studies have been done on the antibiotic susceptibility profile of Enterobacteriaceae species from different types 
of hydrosystems in the same geographical area. The present study aims to make a comparative approach of the 
sensitivity/resistance to antibiotics of 4 Enterobacteriaceae Enterobacter cloacae, Citrobacter freundii, Salmonella typhi 
and Shigella sonnei isolated from wastewater, streams and groundwater of Yaounde town (Cameroon, Central Africa).  

https://en.wikipedia.org/wiki/Antibiotic_resistance
https://en.wikipedia.org/wiki/Genes
https://en.wikipedia.org/wiki/Bacteria
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2. Material and methods 

2.1. Study area  

Yaounde which is the capital of Cameroon. It is located 300 km from the Atlantic coast, between 3°5' North latitude and 
11°31' East longitude [35]. The climate is equatorial, characterised by the alternation of two dry seasons and two rainy 
seasons: a long dry season from December to mid-March, a short rainy season from mid-March to June, a short dry 
season from July to August and a long rainy season from September to November. The annual average temperature is 
23.5°C, varying between 16 and 31°C depending on the season, and 1650 mm of water per year. The city's hydrographic 
network is very dense and essentially composed of the Mfoundi river and its tributaries. Some districts and hospitals in 
Yaounde are equipped with wastewater treatment plants. The study was conducted in November 2020 (during the long 
rainy season).  

2.2. Sampling sites and water sampling 

Four kinds of sampling sites have been chosen: wastewater of the University Hospital Centre (UHC), wastewater from 
residential quarters, surface water, and groundwater. The wastewater of the UHC included wastewater collector of the 
UHC laundry room coded Sw1, wastewater collector of the surgical room of the UHC coded Sw2, and wastewater from 
the laundry and the surgery room of the UHC coded Sw3. 

 

Figure 1 Geographical location of the study area and representation of the sampling points Sampling  

(Source: Https//d-maps.com/pays.php?num_pay=16&lang=fr) 

The wastewater from residential quarters included that from Biyem-Assi quarter wastewater treatment plant coded 
Sw4, that from Messa quarter wastewater treatment plant coded Sw5, and that from Cité Verte quarter wastewater 
treatment plant coded Sw6. The three wastewater treatment plants are waste stabilization ponds. The surface water 
included 9 sampling points: upstream, landing and downstream of the Mfoundi river coded Ws1, Ws2 and Ws3 
respectively.  



World Journal of Advanced Research and Reviews, 2021, 11(01), 120–137 

123 

Table 1 Characteristics of sampling points 

Hydro-
systems 

Sampling 
station 

Geographical coordinates 
Description 

Latitude (N) Longitude (E) 

Hospital 
waste-
water (Sw) 

Sw1 3°86’25,82’’ 11°49’74,88’’ Waste water collector of the UHC laundry 
room 

Sw2 3°86’22,25’’ 11°49’69,86’’ Wastewater collector of the surgical room of 
the University Hospital 

Sw3 3°86’09,47’’ 11°496’49,6’’ Collector receiving wastewater from the 
laundry and the surgery room of the 
University Hospital 

Domestic 
waste-
water (Sw) 

Sw4 3°83’83,33’’ 11°48’56,23’’ Wastewater discharge point of the Biyem-
Assi wastewater treatment plant 

Sw5 3°87’02,12’’ 11°50’63,2’’ Wastewater discharge point of the Messa 
wastewater treatment plant 

Sw6 3°87’00,3’’ 11°48’59,16’’ Wastewater discharge point of the Cité Verte 
wastewater treatment plant 

Surface 
water (Ws) 

Ws1 3°87’77,22’’ 11°54’01,3’’ Upstream of the Mfoundi river, close to 
houses and where domestic waste is dumped 

Ws2 3°84’90,11’’ 11°51’59,68’’ Landing on the Mfoundi river, receiving 
domestic waste 

Ws3 3°80’36,78’’ 11°50’93,25’’ Downstream of the Mfoundi river, near a 
brewery company 

Ws4 3°83’87,69’’ 11°48’50,98’’ Upstream of the Biyeme tributary which 
receives wastewater from the Biyem-Assi 
wastewater treatment plant 

Ws5 3°83’78,86’’ 11°48’60,18’’ Downstream of the Biyeme tributary which 
receives wastewater from the Biyem-Assi 
wastewater treatment plant 

Ws6 3°87’02,55’’ 11°50’62,68’’ Upstream of the Mingoa tributary which 
receives wastewater from the Messa 
wastewater treatment plant 

Ws7 3°87’01,94’’ 11°50’63,4’’ Downstream of the Mingoa tributary which 
receives wastewater from the Messa 
wastewater treatment plant 

Ws8 3°87’00,83’’ 11°48’66,31’’ Upstream of the Abiergué tributary which 
receives wastewater from the Cité Verte 
plant 

Ws9 3°87’01,42’’ 11°48’52,98’’ Downstream of the Abiergué tributary which 
receives wastewater from the Cité Verte 
plant 

Ground-
water (Gw) 

Gw1 3°83’85,53’’ 11°48’85,19’’ Covered well located near the Biyem-Assi 
wastewater treatment plant and houses 

Gw2 3°87’20,89’’ 11°49’94,01’’ Developed spring located upstream of the 
Mingoa tributary 

The Biyeme tributary upstream coded Ws4 and downstream coded Ws5, the Mingoa tributary upstream coded Ws6 and 
downstream coded Ws7, and the Abiergue tributary upstream coded Ws8 and downstream coded Ws9 were also 
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included. The groundwater sampling points included one wells coded Gw1 and one springs coded Gw2. In total, 17 
sampling sites were chosen for this study. They are presented in Figure 1 and their characteristics and geographic 
coordinates are indicated in Table 1.  

Water sampling was performed according to the method of Rodier et al. [36]. For the physicochemical analyses, the 
samples were collected in 1000 mL polyethylene bottles previously rinsed with the sample water; while the samples 
for bacteriological analyses, around 300 mL were collected in 500 mL sterile glass bottles. The samples were then 
brought back to the laboratory in a refrigerated chamber (4°C) for analysis. 

2.3. Physicochemical analysis  

Physicochemical parameters were analyzed according to the techniques recommended by Rodier et al. [36] and APHA 
[37]. The parameters considered for this study were: temperature, pH, electrical conductivity, nitrates and 
orthophosphates. Temperature, pH and electrical conductivity were measured in the field using a HANNA/HI 9829 
multimeter; while nitrates and orthophosphates were measured in the laboratory using a DR/2000 HACH 
spectrophotometer. 

2.4. Bacteriological analysis 

2.4.1. Isolation of Heterotrophic aerobe bacteria (HAB) and Enterobacteriaceae  

Heterotrophic aerobe bacteria (HAB) were isolated on standard plate count agar. The isolation and counting of the total 
Enterobacteriaceae were performed on Drigalski Lactose agar culture medium [38]. The agar culture medium 
Methylene Blue Eosin (EMB) (Biokar) was used for the isolation of Enterobacter cloacae and Citrobacter freundii [39, 
40] and the agar culture medium Salmonella-Shigella (SS) (Biokar) was used for the isolation of Salmonella typhi and 
Shigella sonnei [41-43]. Plate count technique was used. A volume of 0.1 mL of each sample or after dilution was taken 
with a micropipette and plated on the surface of the agar contained in Petri dishes. Incubation was done at laboratory 
temperature (25°C ± 2°C) for 5 days HAB, and at 37°C for 24 hours for others [36, 43]. All the analyses were done in 
triplicate.  

2.4.2. Macroscopic examination and identification of Enterobacteriaceae species 

After the incubation period, colonies were counted in the different Petri dishes based on their characteristics. On EMB 
culture medium, Enterobacter will appear pink-colored colonies without a sheen whereas Citrobacter will appear brown 
colored colonies without any metallic sheen [39, 40]. On the SS culture medium Salmonella will not ferment lactose, but 
produce hydrogen sulfide (H2S) gas, and their colonies will appear colorless with black centers, whereas Shigella do not 
ferment lactose or produce hydrogen sulfide gas, and their colonies will be colorless [41-43]. After enumeration of the 
colony forming units based on the cultural characteristics of the bacteria, the cells of each colony were recultured on 
standard (non-selective) agar, this agar having been solidified in the sloping test tubes. After Gram coloration, 
biochemical tests were then performed using the API 20 E systems (Biomerieux) [44].  

2.4.3. Antibiogram tests  

The antibiogram tests were done by the diffusion method of antibiotic discs on Muller Hinton medium according to the 
recommendations of the "Antibiogram Committee of the French Microbiology Society” (AC-FMS) [45]. Antibiotic 
molecules were chosen according to their sensitivity and/or resistance to Enterobacteriaceae, but also according to 
their availability in the market.  

A total of 20 antibiotic molecules belonging to four families were used in the susceptibility testing galleries. The family 
of β-lactams (Amoxicillin; Amoxicillin + Clavulanic acid; Imipenem; Meropenem; Ticarcillin; Piperacillin; 
Piperacillin/tazobactam; Ceftriaxon; Cefepim; Cefuroxim; Cefoxitim; Ceftazidim), the family of Quinolones 
(Ciprofloxacin; Norfloxacin; Ofloxacin), the family of Aminoglycosides (Amikacin; Gentamycin), and the family of 
Sulfonamides+Trimethoprim and others (Trimethoprim/Sulfamethoxazole; Nurofurantoin; Fosfomycin). 

Inhibition diameters were measured using the caliper and the results were scored as either resistant, sensitive or 
intermediate according to the interpretation of CA-SFM [46, 47]. 

2.5. Data analysis 

The abundances of the bacteria isolated were expressed per volume of 100 ml of water. The values of physicochemical 
parameters and those of bacterial abundances were illustrated by histograms plotted using Excel 2016 software. The 
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Kruskal-Wallis and Mann-Whitney tests were carried out using SPSS software version 25.0 to compare the inhibition 
diameters of antibiotic against bacterial species in each types of water.  

3. Results and discussion 

3.1. Physicochemical parameters 

 

Figure 2 Variation of physicochemical parameters in the different sampling points (A: variation of temperature and 
pH; B: variation of electrical conductivity; C: variation of the concentration in nitrates and orthophosphates) 
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The mean values of the physicochemical parameters are represented on Fig.2. It appears that these parameters values 
varied from one point to another. The temperature values varied between 22.8 and 26.2°C, with the lowest value 
recorded at the surface water station Ws5 and the highest value at station Ws3 (Fig. 2A). This variation is much more 
pronounced in surface water than in wastewater and groundwater and this could be explained by variations in the 
ambient temperature of the environment. According to Merhabi et al. [48], the temperature of surface water is affected 
by fluctuations in precipitation and seasonal temperatures. Wastewater temperature depends on organic load while 
groundwater temperature depends on latitude and altitude. Water temperature is an important factor as it governs 
almost all physicochemical and biological reactions. An abrupt change in this parameter leads to the disturbance of the 
water ecosystem balance [49]. The pH values ranged from 6.3 to 8.2 C.U. with the lowest value recorded in springs Gw2 
and the highest wastewater station Sw6 (Fig. 2A). It is observed that pH of the sampled groundwater is slightly acidic 
while that of the wastewater and surface water is slightly basic. This has also been noted by Diane et al. [50]. According 
to Noah et al. [51], pH between 6.0 and 8.5 U.C. is favorable for the expression of biological potentials of several groups.  

Electrical conductivity fluctuated between 41 and 810 µS/cm with the lowest value recorded at the surface water station 
Ws9 and the highest at stations Sw4 and Sw6 (Fig. 2B). The nitrate content fluctuated from point to point between 5.4 
and 37.4 mg/L. The lowest value was recorded at station Ws7 while the highest is recorded in wells Gw1 (Fig. 2C). 
Regarding orthophosphate content, the values varied between 1.56 and 5.29 mg/L with the lowest value recorded at 
wastewater station Sw3 and the highest at surface water station Ws8 (Fig. 2C). According to Rodier et al. [36], the 
presence of phosphates in natural waters is linked to the nature of the terrain crossed, the decomposition of organic 
matter and the use of detergents. As organic pollution is noticeable when the orthophosphate content is higher than 0.5 
mg/L, these waters are polluted [36]. 

3.2. Bacterial abundance  

The variation in the abundance of heterotrophic aerobe bacteria (HAB) and Enterobacteriaceae is presented in Fig. 3. 
In wastewaters samples from the University Hospital Centre (UHC), the abundance of heterotrophic aerobe bacteria 
(HAB) varied from 18.4x103 to 463x103 CFU/100 µL and that of Enterobacteriaceae varied from 0.95x103 to 20.8x103 
CFU/100 µL. For the wastewaters from the residential quarters, the abundance of heterotrophic aerobe bacteria (HAB) 
varied from 60.4x103 to 212x103 CFU/100 µL and that of Enterobacteriaceae varied from 0.5x103 to 17.8x103 CFU/100 
µL. In the surface waters, they varied from 144x103 to 401x103 CFU/100 µL for HAB and from 6.5x103 to 38x103 
CFU/100 µL for Enterobacteriaceae. In groundwater sampled, abundance of HAB varied from 4.7x103 to 12x103 
CFU/100 µL for HAE and from 0.3x103 to 0.6x103 for the Enterobacteriaceae (Fig. 3). 

 

Figure 3 Variation with respect to the sampling sites of the abundance of the total heterotrophic aerobe bacteria 
(HAB) and Enterobacteriaceae 
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The mean values of the abundance of cells species are presented on Fig. 4. It is noted E. cloacae abundance fluctuated 
between 1 CFU/100 µL and 30 CFU/100 µL. The lowest value recorded in springs Gw2 and the highest at wastewater 
station Sw5 (Fig. 4). For C. freundii, its abundance varied between 1 CFU/100 µL and 112 CFU/100 µL. The lowest value 
was recorded in springs Gw2 and the highest at surface water station Ws8 (Fig. 4). The abundance of S. sonnei ranged 
from 2 CFU/100 µL to 198 CFU/100 µL. The lowest value was recorded in the springs Gw2 and the highest value at the 
surface water station Ws2 (Fig. 4). For S. typhi, the abundance ranged from 1 CFU/100 µL to 44 CFU/100 µL. The lowest 
value was recorded in GW1 and wastewater station Sw3 and the highest at station Sw5 (Fig. 4). 

 

Figure 4 Abundance of Enterobacteriaceae species (E. cloacae, C. freundii, S. sonnei and S. typhi) isolated in the 
different sampling points 

The presence of these Enterobacteriaceae in the different sampling stations indicate faecal pollution as these species 
are generally isolated in the stools and urine of people with severe pathologies. The composition of these ecosystems 
reflects the characteristics of bacteria released by humans, mainly in faeces [52]. Among the isolated 
Enterobacteriaceae, the species S. sonnei had the highest abundance (198 CFU/100 µL) amongst all type of water 
sampled. This may be related to their ability to multiply more rapidly on one hand, and to the presence of environmental 
factors favourable to their growth on the other hand. According to Chloé [53], the Shigella species are of higher relative 
frequency in the environment than in human faeces and urine.  

3.3. Antibiotic susceptibility to the considered Enterobacteriaceae  

3.3.1. Inhibition diameters  

The diameters of inhibition of the antibiotics varied according to the tested bacterial species and the type of water where 
it was isolated (Table 2). No inhibition diameter was observed against Ciprofloxacin, Ticarcillin, 
Piperacillin/tazobactam, Norfloxacin, Fosfomycin, Gentamycin, Ofloxacin, Amoxicillin+clavulanic acid and 
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Sulphamethazole/trimethoprim in the presence of E. cloacae species isolated from groundwater. Ticarcillin does not 
show any inhibition diameter against C. freundii species isolated in surface water. However, when this species was 
isolated in groundwater, the same result was noted in the presence of Amoxicillin, Ticarcillin, Piperacillin/tazobactam, 
Cefepim, Fosfomycin, Cefuroxim and Sulphamethazole/trimethoprim (Table 2). For S. sonnei isolated from 
groundwater, no inhibition diameter was noted in the presence of Sulphamethazole/trimethoprim, Cefuroxim, 
Amoxicillin+clavulanic acid, Ofloxacin, Gentamycin, Fosfomycin, Ticarcillin and Piperacillin/tazobactam (Table 2). The 
same was noted for S. typhi isolated from surface water in the presence of Ticarcillin and Piperacillin/tazobactam, and 
also from groundwater in the presence of Piperacillin/tazobactam, Piperacillin, Fosfomycin, Gentamycin, Cefoxitim, 
Cefuroxim and Sulphamethazole/trimethoprim (Table 2). 

However, it should be noted that some antibiotics have presented the greatest diameters of inhibition to bacterial 
species depending on the type of water where they are isolated. Against the species isolated in wastewater, the 
antibiotics with a larger diameter of inhibition are: Imipenem (14.33 mm) in the presence of E. cloacae; 
Sulphamethazole/trimethoprim (19.7 mm) in the presence of S. sonnei; and Gentamycin (17.17 mm) in the presence of 
S. typhi (Table 2). For species isolated from groundwater, there are Ceftriaxon (24.50 mm), Gentamycin (23 mm) and 
Amikacin (22 mm) in the presence of C. freundii; and Imipenem (16.50 mm) in the presence of S. sonnei (Table 2). With 
respect to the cells species isolated from surface water, there are Imipenem (18.78 mm) in the presence of C. freundii; 
and Amikacin (17.67 mm) in the presence of S. sonnei (Table 2). 

Table 2 Different inhibition diameters of each antibiotic with the different types of water for each bacterial species 
(resistance (R), intermediate (I) and sensitive (S)) 

 

 

Antibiotics 
(mcg) 

Type of water sampled, bacterial species tested and inhibition diameters (mm) 

E. cloacae C. freundii 

Surface 

water 

Waste- 

water 

Ground- 

water 

Surface 

water 

Waste- 

water 

Ground- 

water 

β-lactams 

AX (30) 6.02±3.3 R 8.83±3.13 R 10.00±1.4 R 7.11±5.64 R 7.50±4.4 R 0.00±0.00 R 

MEM (10) 7.23±5.35R 10.00±2.1 R 10.00±1.4 R 15.11±4.6R 10.50±3.7R 10.50±4.9 R 

TIC (75) 1.66±2.5 R 4.67±5.28 R 0.00±0.00 R 0.00±0.00 R 4.17±5.0 R 0.00±0.00 R 

TPZ (40) 2.33±1.9 R 3.67±4.59 R 0.00±0.00 R 2.56±3.17 R 3.00±4.8 R 0.00±0.00 R 

PRL (75) 7.21±4.1 R 11.33±4.5 R 10.50±0.7 R 10.00±6.1 R 9.17±5.0 R 9.50±2.21 R 

FEP (10) 5.40±2.6 R 4.67±5.28 R 8.50±0.71 R 5.89±7.36 R 8.17±4.1 R 0.00±0.00 R 

FOX (10) 6.37±4.4 R 9.50±1.87 R 11.50±0.7 R 9.22±5.43 R 7.83±1.7 R 15.00±0.0 R 

AMC (30) 4.25±5.2 R 10.67±1.5 R 0.00±0.00 R 11.11±2.2 R 10.33±2.5R 7.50±2.1 R 

CXM (5) 5.91±3.0 R 6.83±3.97 R 8.50±0.71 R 8.44±7.02 R 6.83±3.8 R 0.00±0.00 R 

CAZ (30) 6.22±4.2 R 10.83±2.6 R 9.50±3.54 R 9.56±1.24 R 10.00±5.6R 13.00±2.83R 

IMI (10) 

CRO (5) 

8.22±6.9 R 

5.62±3.98R 

14.33±4.84 R 

9.67±1.51 R 

7.50±0.71 R 

9.00±0.00 R 

18.78±3.1 R 

6.89±6.68 R 

15.67±3.5R 

8.17±1.83R 

12.50±7.78R 

24.50±0.71S 

Quinolones 

OFX (5) 4.61±3.84R 5.67±5.24 R 0.00±0.00 R 9.22±7.43 R 12.00±2.1R 13.00±5.66R 

NOR (10) 5.64±4.51R 9.83±6.52 R 0.00±0.00 R 9.22±8.26 R 12.00±5.8R 15.50±4.95R 

CIP (5) 5.09±4.3 R 7.50±5.28 R 0.00±0.00 R 7.11±10.6 R 9.83±7.44R 19.00±0.00R 

Aminoglycosides 

AK (30) 6.65±3.64R 10.00±5.4 R 9.00±0.00 R 8.56±6.91 R 11.67±4.93R 22.00±4.24S 

CN (30) 6.14±5.11R 12.50±7.9 R 0.00±0.00 R 7.00±9.43 R 13.17±5.64R 23.00±4.24S 

(A)

) 
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Sulfonamides+trimethoprim 

FF (30) 3.71±3.15R 7.83±3.92 R 0.00±0.00 R 4.78±5.72 R 7.50±4.23 R 0.00±0.00 R 

F (300) 6.37±4.08R 11.00±2.6 R 9.50±0.71 R 8.78±5.54 R 10.67±2.5 R 9.50±3.54 R 

SXT (25) 5.70±4.43R 9.33±8.38 R 0.00±0.00 R 8.00±8.47 R 12.00±3.79R 0.00±0.00 R 

 

Table 2 (continue) 

 

 

Antibiotics 

(mcg) 

Type of water sampled; bacterial species tested and inhibition diameters (mm) 

S. sonnei S. typhi 

Surface 

water 

Waste- 

water 

Ground- 

water 

Surface 

water 

Waste- 

water 

Ground- 

water 

β-lactams 

AX (30) 6.11±4.01 R 11.00±1.55 R 10.00±0.0 R 4.00±6.06 R 7.83±4.71 R 10.00±4.2 R 

MEM (10) 14.44±4.3 R 10.33±1.63 R 12.00±2.8 R 10.22±7.6 R 10.83±5.4 R 4.50±6.36 R 

TIC (75) 2.78±5.52 R 3.00±3.69 R 0.00±0.00 R 0.00±0.00 R 1.00±2.45 R 5.50±7.78 R 

TPZ (40) 1.56±3.09 R 2.33±4.08 R 0.00±0.00 R 0.00±0.00 R 3.00±4.65 R 0.00±0.00 R 

PRL (75) 12.11±3.89R 10.17±2.14 R 7.00±9.90R 4.56±4.56 R 8.67±5.13R 0.00±0.00 R 

FEP (10) 5.89±6.37 R 9.67±2.28 R 3.00±4.24 R 4.78±5.93 R 6.33±3.44 R 6.50±9.19 R 

IMI (10) 13.67±2.69 R 14.83±5.08 R 16.50±0.7 R 11.11±6.74 R 11.17±4.1R 13.50±2.1R 

FOX (10) 5.67±4.58 R 8.33±4.84 R 3.50±4.95 R 3.22±4.84 R 6.67±3.67 R 0.00±0.00 R 

CRO (5) 9.67±4.75 R 9.50±2.26 R 5.00±7.07 R 6.44±7.28 R 7.00±4.00 R 5.00±7.07 R 

AMC (30) 10.78±2.3 R 8.50±4.89 R 0.00±0.00 R 8.22±5.59 R 8.33±2.25 R 6.50±9.19 R 

CXM (5) 3.67±4.47 R 9.33±3.14 R 0.00±0.00 R 1.89±3.95 R 6.83±4.88 R 0.00±0.00 R 

CAZ (30) 10.11±4.46 R 18.33±5.4 R 9.50±2.12 R 7.89±4.81 R 16.17±8.0 R 10.00±1.4 R 

Aminoglycosides 

CIP (5) 15.11±11.0R 8.33±6.74 R 9.00±12.7 R 12.33±10.1R 8.67±6.28 R 4.50±6.3 R 

OFX (5) 11.89±3.22 R 10.50±4.4 R 0.00±0.00 R 5.11±8.58 R 7.83±4.58 R 7.50±10.6 R 

NOR (10) 16.22±6.28 R 8.50±4.32 R 7.50±10.6 R 9.00±9.33 R 9.83±6.85 R 13.00±2.8 R 

Quinolones 

AK (30) 17.67±2.24S 13.50±4.89R 2.50±3.54R 10.00±6.48R 17.00±4.34S 12.50±2.12R 

CN (30) 16.11±9.16S 15.17±8.28S 0.00±0.00R 6.00±9.17R 17.17±8.57S 0.00±0.00R 

Sulfonamides+trimethoprim 

F (300) 9.89±1.83R 11.33±3.14R 5.00±7.07R 8.00±4.74R 8.83±1.47R 6.00±8.49R 

FF (30) 8.00±2.06R 15.33±8.29R 0.00±0.00R 14.33±27.58R 8.67±2.50R 0.00±0.00R 

SXT (25) 6.33±7.65R 19.17±5.49S 0.00±0.00R 7.00±10.50R 15.67±8.21S 0.00±0.00R 

Values represent mean value ±standard deviation of inhibition diameter of each antibiotic used (mm) for E. cloacae and C. freundii 
 (A); and for S. sonnei and S. typhi (B). R: Resistant; S: sensitive; AX: Amoxicillin; MEM: Meropenem; CIP: Ciprofloxacin; TIC: Ticarcillin;  
TPZ: Piperacillin/Tazobactam; F: Nurofurantoin; CRO: Ceftriaxon; NOR: Norfloxacin; PRL: Piperacillin; FEP: Cefepim; FF: Fosfomycin;  
CN: Gentamycin; FOX: Cefoxitim; OFX: Ofloxacin; AMC: Amoxicillin+clavulanic acid; AK: Amikacin; CXM: Cefuroxim; CAZ: Ceftazidim;  

IMI: Imipenem; SXT: Sulfamethazole/trimethoprim 
 

(B) 
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All the cells tests were harvest from the stationary growth phase. The differences noted in the inhibition diameters 
could not be linked to specific the metabolism to the strain of each bacterial species. Main relation exists between the 
bacterial metabolism and the antibiotic activity. Stokes et al. [54] describe three postulates that collectively define 
antibiotic efficacy in the context of bacterial metabolism: a)-antibiotics alter the metabolic state of bacteria, which 
contributes to the resulting death or stasis; b)-the metabolic state of bacteria influences their susceptibility to 
antibiotics; and c)-antibiotic efficacy can be enhanced by altering the metabolic state of bacteria.  

The bacterium strains C. cloacae isolated from the groundwater is the only which appeared sensitive against 3 of the 
antibiotics tested, including one β-Lactam (Ceftriaxon) and 2 quinolones (Amikacin and Gentamycin). All the bacteria 
strains isolated in wastewater and surface water were resistant to all the antibiotics tested (Table 2). Environment is a 
vast source of new and emerging resistance genes, due to the links sometimes between the environment and gene 
mobilization [55, 56]. The acquisition of genes in water habitats and the development of antibiotic resistances can occur. 
According to Lupo et al. [57], the acquisition of heterologous genes by lateral transfer largely facilitates the adaptive 
evolution of bacteria, especially under strong selective pressures. This transfer of exogenous DNA in bacteria may be 
mediated by plasmids, phages, transposons, genomic islands, or captation of free DNA by transformation [57]. Sengelov 
and Sorensen [58] indicated that in many kinds of water, plasmid transfer from a donor to a recipient cell occur, even 
at a low frequency, and several factors could, not only influence, but also promote gene transfer among bacteria in water 
environment [59]. 

3.3.2. Percentage of cells inhibition 

Antimicrobial susceptibility testing showed high resistance (74.51%) of isolated Enterobacteriaceae (E. cloacae, C. 
freundii, S. sonnei and S. typhi) against several antibiotics that have been used. This resistance varied from one antibiotic 
family to another and this was observed through the percentages of inhibition (Table 3). According to Pierre [60], 
Enterobacteriaceae are the bacteria that are multi-resistant to antibiotics.  

In the β-lactam family which represents 60% of antibiotics used in medicine [61] all strains of isolated E. cloacae at the 
17 sites were fully resistant to 8 antibiotics. The C. freundi strains were fully resistant to 8 antibiotics tested and sensitive 
to one (Ceftriaxon). S. sonnei were fully resistant to 8 antibiotics and sensitive to one (Ceftazidim). With S. typhi, isolated 
strains were fully resistant to 6 antibiotics and sensitive to two (Meropenem and Ceftazidim) (Table 3). 

The low toxicity of β-lactams and the broad spectrum of action of some of them make β-lactams the most prescribed 
antibiotic drug class and propagation of resistance constitutes therefore a major clinical concern. It has been indicated 
that the bacterial resistance against β-lactams is related to the usage of the drug in clinics, both because of selection of 
resistant bacteria and by promoting the mobilization of the genes responsible for such resistances [62]. Similarly, the 
presence of antibiotics in some water environments could promote the selection of antibiotic resistant strains [63]. 

According to Sophie [64], Enterobacteriaceae are naturally resistant to β-lactam antibiotics because they produce β-
lactamases to inhibit antibiotic; this would explain the high percentage of resistance obtained. The sensitivity rate 
recorded with Ceftazidim and Cefuroxim antibiotics (32% and 17.8%) would be due to the fact that the resistance 
mechanism of S. typhi and S. sonnei is acquired and therefore these species inhibit the antibiotics very little.  

For the 2 aminoglycosids tested, 5.88% of the strains of each isolated species were resistant to gentamycin. 88.24% of 
E. cloacae and S. sonnei strains, 94.12% of C. freundii and S. typhi were sensitive to this antibiotic. The proportion of 
sensitive and resistant strains towards the Amikacin also varied (Table 3). The aminoglycosides primarily act by binding 
to the aminoacyl site of 16S ribosomal RNA within the 30S ribosomal subunit, leading to misreading of the genetic code 
and inhibition of translocation. They inhibit protein synthesis and contain as a portion of the molecule an amino-
modified glycoside [11, 65]. The aminoglycoside modifying enzymes produced by the bacteria would have reduced 
affinity of aminoglycoside molecule, impede binding to the 30S ribosomal subunit, and provide extended spectrum 
resistance to aminoglycosides [11, 66]. Aminoglycosides are antibiotics that are naturally sensitive to 
Enterobacteriaceae [60], which explains the high sensitivity rate obtained.  

Of the 3 quinolones tested, all strains of E. cloacae and C. freundii isolated from the 17 sites were fully resistant to 
Norfloxacin and of Ofloxacin. The proportion of strains of the 4 isolated species and which were sensitive to quinolones 
varied between 5.88 and 24.54% (Tables 3). The antibiotic that showed slight sensitivity in all species was Ciprofloxacin. 
Gaudreau et al. [67] showed that Enterobacteriaceae, specifically Shigella develop resistance to quinolones. Rodriguez-
Martinez et al. [68] indicated that one of the fluoroquinolones resistance genes are of the qnr family. gnr genes encode 
proteins binding the bacterial DNA gyrase, thus preventing the interaction of the antibiotic with its target. Generally, 
the presence of these acquired genes does not confer a high level of fluoroquinolones resistance, but provides a selective 

https://en.wikipedia.org/wiki/Glycoside
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advantage in the presence of these drugs, even at low concentrations [68]. Another acquired fluoroquinolones 
resistance mechanism is represented by efflux mechanisms in which the qepA gene, encodes efflux pump [25, 69]. It has 
been recovered from the metagenome of river sediments impacted by wastewaters [70]. According to Sophie [64], the 
decrease in susceptibility is due to the decrease in permeability and enzymatic inactivation; this could explain the low 
rate of susceptibility to quinolones observed. 

Table 3 Percentage of cells resistance (R), intermediate (I) and sensitive (S) by antibiotics tested 

 

Antibio-
tics 
family 

(mcg) 

Percentage of inhibition of antibiotics (%) and bacterial species tested 

E. cloacae C. freundii S. sonnei S. typhi 

R I S R I S R I S R I S 

β-lactams 

AX (30) 100 0 0 100 0 0 100 0 0 100 0 0 

MEM (10) 100 0 0 82.23 17.77 0 94.12 5.88 0 88.23 5.88 5.88 

TIC (75) 100 0 0 100 0 0 100 0 0 100 0 0 

PRL (75) 

TPZ (40) 

100 

100 

0 

0 

0 

0 

100 

100 

0 

0 

0 

0 

100 

100 

0 

0 

0 

0 

100 

100 

0 

0 

0 

0 

CRO (5) 100 0 0 94.11 0 5.89 100 0 0 94.11 5.89 0 

FEP (10) 100 0 0 100 0 0 100 0 0 100 0 0 

CXM (5) 94.11 5.89 0 100 0 0 100 0 0 88.23 11.77 0 

FOX (10) 88.24 11.76 0 100 0 0 100 0 0 94.11 5.89 0 

CAZ (30) 100 0 0 100 0 0 76.47 0 23.53 76.47 0 23.53 

IMI (10) 82.35 17.65 0 88.24 11.76 0 94.11 5.89 0 100 0 0 

Aminoglycosides 

CN (30) 5.88 5.88 88.24 5.88 0 94.12 5.88 5.88 88.24 5.88 0 94.12 

AK (30) 58.88 5.88 35.29 52.94 0 47.06 35.29 11.76 52.94 41.17 5.88 52.94 

Quinolones 

CIP (5) 88.24 0 11.76 76.47 5.88 17.65 58.82 17.64 24.54 76.47 17.65 5.88 

NOR (10) 100 0 0 100 0 0 94.11 0 5.89 88.24 0 11.76 

OFX (5) 100 0 0 100 0 0 100 0 0 100 0 0 

Sulfonamides+Trimethoprim and others  

F (300) 88.24 0 11.76 100 0 0 94.11 0 5.89 100 0 0 

FF (30) 88.24 0 11.76 100 0 0 82.35 0 17.65 100 0 0 

SXT (25) 70.58 4.88 23.54 70.58 11.76 17.64 70.58 11.76 17.64 76.47 11.76 11.76 

AX: Amoxicillin; MEM: Meropenem; CIP: Ciprofloxacin; TIC: Ticarcillin; TPZ: Piperacillin/Tazobactam; F: Nurofurantoin; CRO: Ceftriaxone; NOR: 
Norfloxacin; PRL: Piperacillin; FEP: Cefepim; FF: Fosfomycin; CN: Gentamycin; FOX: Cefoxitim; OFX: Ofloxacin; AMC: Amoxicillin+clavulanic acid; 

AK: Amikacin; CXM: Cefuroxim; CAZ: Ceftazidim; IMI: Imipenem; SXT: Sulfamethazole/trimethoprim 

For the 3 Sulfonamides+Trimethoprim tested, all strains of C. freundii and S. typhi isolated were resistant to 
Nurofurantoin and Fosfomycin. The proportion of resistant E. cloacae and S. sonnei strains was 88.24% and 94.11 
respectively against Nurofurantoin, and 88.24 and 82.35% against Fosfomycin (Table 3). The proportion of strains 
sensitive to one of the 3 antibiotics of this family varied from 11.76 to 23.54% for E. cloacae, from 0 to 17.64% for C. 
freundii, from 5.89 to 17.65% for S. sonnei and from 0 to 11.76% for S. typhi (Table 3). Sensitivity was noted in 
Sulfamethazole/trimethoprim against all species (Table 3). Sulfonamides are the antibiotics to which bacteria are 
generally sensitive; however, in this study there was a high level of resistance. The target of sulfonamides in bacteria is 
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the enzyme dihydropteroate synthase. It is involved in the bacterial synthesis of the vital coenzyme, folic acid. 
Sulphonamides compete with the normal substrate of the enzyme, p-aminobenzoic acid, at the formation of 
dihydropteroate, which after the addition of glutamic acid gives folic acid [71]. The decrease in membrane permeability 
or to the acquisition of resistant plasmids or transposons could contribute to the loss of sensitivity [28].  

Many mechanisms that bacteria exhibit to protect themselves from antibiotics can be classified into four basic types [56, 
57, 72]: a)-the antibiotic modification, b)-the protection of the target of antibiotic action by preventing the antibiotic 
from entering the cell or pumping it out faster than it can flow in, c)-the alterations in the primary site of action, and d)- 
the production of an alternative target (usually an enzyme) that is resistant to inhibition by the antibiotic. 

Multidrug-resistance has been noted in this study (Tables 2 and 3). It is known that environmental microorganisms can 
become multidrug-resistant. Bacteria are unique in that they acquire genes from the parent microorganism during 
division (vertical gene transfer), but can also acquire genes from the community at large (horizontal gene transfer) [73, 
74].  

3.3.3. Comparison of the inhibition diameters of antibiotics 

The Kruskal-Wallis test was performed to compare inhibition diameters of each antibiotic of the bacterial species 
isolated in all the considered types of water.  

Table 4 P-values of the Kruskal-Wallis test comparing the antibiotics inhibition diameters amongst bacterial species 
isolated in all the types of water sampled 

Antibiotics 

(mcg) 

Bacterial species 

E. cloacae C. freundii S. sonnei S. typhi 

AX (30) 0.263 0.224 0.027* 0.295 

MEM (10) 0.199 0.141 0.161 0.441 

CIP (5) 0.173 0.267 0.392 0.559 

TIC (75) 0.281 0.045* 0.506 0.118 

TPZ (40) 0.488 0.575 0.647 0.141 

F (300) 0.385 0.953 0.296 0.877 

CRO (5) 0.261 0.078 0.641 0.979 

NOR (10) 0.189 0.497 0.113 0.821 

PRL (75) 0.951 0.648 0.679 0.128 

FEP (10) 0.909 0.283 0.178 0.910 

FF (30) 0.098 0.260 0.019* 0.123 

CN (30) 0.151 0.100 0.122 0.045* 

FOX (10) 0.655 0.030* 0.310 0.205 

OFX (5) 0.101 0.863 0.053 0.555 

AMC (30) 0.032* 0.227 0.071 0.994 

AK (30) 0.333 0.078 0.100 0.078 

CXM (5) 0.255 0.221 0.025* 0.052 

CAZ (30) 0.713 0.172 0.021* 0.276 

IMI (10) 0.021* 0.098 0.675 0.709 

SXT (25) 0.250 0.151 0.008** 0.203 
*: P<0.05; ** P<0.01; AX: Amoxicillin; MEM: Meropenem; CIP: Ciprofloxacin; TIC: Ticarcillin; TPZ:  
Piperacillin/Tazobactam; F: Nurofurantoin; CRO: Ceftriaxon; NOR: Norfloxacin; PRL: Piperacillin;  

FEP: Cefepim; FF: Fosfomycin; CN: Gentamycin; FOX: Cefoxitim; OFX: Ofloxacin; AMC: Amoxicillin+clavulanic acid;  
AK: Amikacin; CXM: Cefuroxim; CAZ: Ceftazidim; IMI: Imipenem; SXT: Sulfamethazole/trimethoprim 

 

It is noted a significant difference (P<0.05) of the inhibition diameters of the antibiotics Imipenem and 
Amoxicillin+clavulanic acid for E. cloacae, Ticarcillin and Cefoxitim for C. freundii, Amoxicillin, Fosfomycin, Cefuroxim, 
Ceftazidim and Sulfamethazole/trimethoprim for S. sonnei, and Gentamycin for S. typhi (Table 4). 
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The U test of Mann-Whitney was performed to compare the antibiotic inhibition diameters of bacterial species isolated 
between different types of water taken 2 by two, against the 9 antibiotics that stood out from the Kruskal test. The result 
is presented in Table 5. It is noted a significant difference (P<0.05) between the inhibition diameters of Imipenem for E. 
cloacae isolated in surface water and groundwater on one hand, and in wastewater and groundwater on the other hand. 
The same observation was also made between the inhibition diameters of Amoxicilin+acid clavulanic for this bacterium 
when isolated in wastewater and groundwater (Table 5). A difference in the behavior of C. freundii strains isolated from 
wastewater and groundwater, as well as from surface water and wastewater, was observed with respect to Ticarcillin 
and Cefoxitin, respectively (Table 5). Likewise, a difference in susceptibility of the S. sonnei and S. typhi strains 
depending on the biotopes is also noted with respect to Amoxicillin, Fosfomycin, Cefuroxim, Ceftazidim and 
Sulfamethoxazole/trimethoprim on the one hand, and Gentamycin on the other hand (Table 5). 

Significant differences (P<0.05) in the antibiotics susceptibility appeared for 7 antibiotics between bacterial strains 
isolated from wastewater and those from groundwater, for 6 antibiotics between bacterial strains isolated from surface 
water and those from wastewater, and for 3 antibiotics between bacterial strains isolated from surface water and those 
from groundwater (Table 5). Most strains isolated from groundwater respond to antibiotics differently from those 
isolated from wastewater. The difference observed in the bacterial susceptibility against antibiotics with respect to the 
type ow water could be linked to the abiotic properties of the water medium. Signe et al. [75] noted some significant 
correlations between some physico-chemical characteristics of water and the inhibition diameters of antibiotics. Eheth 
et al. [29] noted that the pH of the water medium harboring bacterial cell significantly impacts on their antimicrobial 
susceptibility. It has thus been suggested that the regulation of some bacterial genes would be regulated by complex 
mechanisms including interactions of some abiotic water characteristics [29, 75]. 

Table 5 P-values of the Mann-Whitney test comparing the antibiotic inhibition diameters of bacterial species isolated 
between different types of water taken 2 by two 

Antibiotics 

(mcg) 

Types of water taken 2 by two and bacterial species considered 

Surface water 

and 

Wastewater 

Wastewater 

and 

Groundwater 

Surface water 

and 

Groundwater 

E. cloacae 

IMI (10) 0.070 0.044* 0.030* 

AMC (30) 0.067 0.042* 0.083 

C. freundii 

TIC (75) 0.023* 0.252 1.000 

FOX (10) 0.120 0.038* 0.032* 

S. sonnei 

AX (30) 0.040* 0.042* 0.134 

FF (30) 0.057 0.042* 0.032* 

CXM (5) 0.025* 0.039* 0.275 

CAZ (30) 0.010* 0.064 0.632 

SXT (25) 0.006** 0.044* 0.273 

S. typhi 

CN (30) 0.034* 0.317 0.367 

*: P<0.05; **: P<0.01; IMI: Imipenem; AMC: Amoxicillin+ clavulanic acid; TIC: Ticarcillin; FOX:  
Cefoxitin; AX: Amoxicillin; FF: Fosfomycin; CXM: Cefuroxim; CAZ: Ceftazidim;  

SXT: Sulfamethoxazole/trimethoprim; CN: Gentamycin 

In addition, the astounding number of bacterial cells in the water systems provide an immense genetic variability, and 
opportunities for mutations, rearrangements and horizontal gene transfer. Thus, new resistance factors likely appear 
regularly. Resistance factors are generally associated with some fitness cost. This cost may be particularly large for 
genes providing novel resistance functions for a bacterium, as their expression may not be sufficiently fine-tuned and 
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their products may interfere with other cellular functions. Thus, novel resistance genes will be selected against unless 
there is a relatively strong selection pressure to maintain them [76, 77].  

4. Conclusion 

The Enterobacteriaceae E. cloacae, C. freundii, S. sonnei and S. typhi isolated from waster, surface water and groundwater 
in the Yaounde town are resistant to β-lactams, quinolones and sulfonamides, and sensitive to aminoglycosides. The 
inhibition diameters of antibiotic and the bacterial susceptibility against antibiotics with respect to the type of water. 
The susceptibility to antibiotics of Enterobacteriaceae may be linked to a complex mechanism and would be impacted 
by many factors. This may include the cells intrinsic properties as well as the characteristics of the environment 
harboring them. The regulation of some bacterial genes acting against antibiotics would be controlled by complex 
mechanisms including interactions of some abiotic water characteristics. It appears that the multiple uses of antibiotics 
in hospitals and probably in human communities can cause multidrug resistance for bacteria. This represents a health 
risk for humans and the aquatic environment. A control should be established in their use in hospitals and in homes, as 
well as tertiary treatment at the outlet of wastewater treatment plants. 
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