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INTRODUCTION 

 

 Drug-resistant infections, both in humans and in animals, are increasing worldwide. The main factors that contribute to the 

emergence and spread of antimicrobial resistance are the excessive and inadequate use of these drugs. In many developing 

countries, including Ecuador, antibiotics are sold without a prescription, even where laws prohibit this practice. Fake and poor-

quality antibiotics also contribute to resistance, as does the use of antimicrobials in animal husbandry [1]. Antibiotics are used in 

excessively and inappropriately. If the antimicrobial resistance spreads without control, many infectious diseases will become 

intractable again, which will reverse a century of advances in public health [2]. 

 On the other hand, resistance to antibiotics would generate a sharp increase in poverty. Of the 28.3 million people who would 

fall into extreme poverty by 2050, in the scenario of high-impact antimicrobial resistance, the clear majority (26.2 million) would 

live in low-income countries. Currently, the world is well on track, in general terms, to eliminate extreme poverty (calculated 

based on a threshold of USD 1.90 per day) by 2030 at the latest, given that it is approaching the goal of achieving less of 3% of 

people to live in those conditions. That goal could become unattainable due to antibiotic resistance [1]. 

 

Abstract 
 
Background: Bacterial resistance to multiple antibiotics is considered one of the most important public health 
problems in Latin America. In Ecuador, there is a high rate of infectious diseases caused by Enterobacteriaceae 
which mainly affect the central nervous system, digestive and urinary tract, respiratory system, bloodstream, etc. 
This type of infections affects children, young people and adults with no effective treatments due to the resistance to 
even fifth-generation antibiotics. Inadequate procedures for handling and disposal of solid and liquid waste are 
another cause for the generation of this resistance and its consequences on population health. Urban wastewater 
treatment plants represent important reservoirs of human and animal commensal bacteria.  Objective: The 
objective of this study was determinate the resistance of Enterobacteria isolated from septic tanks of the Domestic 
Wastewater Treatment Plant against different commercial antibiotics. Methodology: With 10 g of residual sludge by 
the serial dilution method in MacConkey and EMB culture media, isolations of several Enterobacteria were 
obtained, then, isolates were characterized and subjected to resistance tests using disks of three different 
antibiotics that are frequently used in infectious treatments caused by Enterobacteria. Results: Sixteen cultures 
with different morphology were obtained and described as common species genera within the Enterobacteriaceae: 
Escherichia, Salmonella, Proteus, Klebsiella, Shigella, Enterobacter. Strain 2872 was discarded due to its similar 
morpho-physiology to 2867. Thirteen of fifteen strains have tetracycline resistance and only two were inhibited 
(2873 and 2876); only one of the fifteen were resistant to polymyxin B (2870) and eight were resistant to cefepime. 
Conclusion: Only polymyxin B could be used for treatment of infections occurred by some of these isolated strains, 
although its use should be limited due to negative effects related to nephrotoxic and neurotoxic potential.  
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 Although bacterial resistance is attributed to purely natural processes due to the ability of bacteria to transfer their genes, it is 

also true that some inadequate procedures such as incomplete treatment, incorrect doses of antibiotic. Some studies reported that 

the emergence of resistance to third-generation cephalosporins and carbapenems in Gram-negative isolates might even appear due 

to the influence of adverse environmental conditions; promote morpho-physiological alterations and expression of genes to 

guarantee the survival of these microorganisms [3]. The survival of bacteria in other environments depend, however, on many 

parameters, such as temperature, humidity, pH, soil composition and the presence of the other microorganisms [3]. 

 Frequently, the dispersion of human enteric bacteria occurs through raw sewage are often discharged into low-temperature 

marine and aquatic environments, raising the question of whether human enteric pathogens (i.e., Salmonella) and indicator 

organisms (i.e., E. coli) can adapt and persist in these extreme environments. Genomes of these bacteria have more than 1,000 

genes, whose functions remain unknown and which could contribute to proliferation in non-host environments, such as soil and 

water, even in the sludge from the treatment plants, the presence of CFU of Enterobacteria that survive the depurative processes is 

reported, consequently, they promote the transmission to a new host and the resistance or the prevalence of infectious diseases by 

resistance [4]. 

 Bacterial resistance to multiple antibiotics is considered one of the most important public health problems in Latin America. 

In Ecuador, there is a high rate of infectious diseases caused by Enterobacteriaceae at the lower central nervous system and 

respiratory tract, bloodstream, and digestive and urinary tract, and affects children, youth and adults with no effective treatments 

due to the resistance even fifth-generation antibiotics, as enterobacteria have an inexhaustible ability to resist antibiotics due to 

their mutations, acquisition of resistance genes, transposons and integrons, affecting the health of population [5,6]. Since the 

appearance of the first antibiotics in the 20th century, bacterial resistance to these drugs has been a controversial subject that until 

today has not been fully elucidated, by the resistance as a natural expression of evolution and its bacterial genetics [7]. Antibiotics 

considered first-generation, and the current denominated ones of fourth, usually are not completely efficient when dealing with 

certain infectious processes caused by enterobacteria capable of resisting multiple drugs, due to the indiscriminate use of these, 

not only in developing countries, where antibiotics are available without a prescription, but also in first world countries, where 

their supply is carried out under stricter controls [8].  

 In this context, the presence of the genera Escherichia, Klebsiella, Enterobacter, Serratia and Citrobacter (collectively called 

the coliform bacilli) and Proteus, include overt and opportunistic pathogens responsible for a wide range of infections.  Many 

species are members for the normal intestinal flora, but E. coli is very frequently isolated from other organisms and different 

environments [9]. 

 Throughout history, there has been a significant increase in bacterial resistance to antimicrobials, an effect that has generated 

great concern as the main obstacle in the treatment and containment of infectious etiologies. Being also of interest for the 

development of new therapeutic strategies [10]. 

 Urban wastewater treatment plants (UWTPs) are among the main sources of antibiotics' release into various compartments of 

the environment worldwide. The treatment of this UWTPs is fundamental to ensuring the public health and environmental 

protection [11]. 

 Bacterial dissemination by any means is undoubtedly the main reason for the generation of resistance, even though several 

procedures are performed without the respective control and the manipulation is carried out without the minimum required 

considerations, as with biosolids from domestic wastewater treatment plants, which are deposited in sanitary landfills and/or 

controlled landfills, can infiltrate and reach groundwater or to be transported by wind and water erosion and consequently 

disseminate the microbial load present in this material [11]. For all the above, the main objective of this study was to determine 

the population of Enterobacteria present in a biosolid from the septic tanks of the Domestic Wastewater Treatment Plant "El 

Peral" in Ambato city, Tungurahua. Ecuador. 

 

MATERIALS AND METHODS 

 

Study area and Sampling collection.  

 The study was carried out at Ambato city, Tungurahua. Ecuador, in the Domestic Wastewater Treatment Plant "El Peral" 

(17M 9863047.72S 763693.43 E). Fig.1. Sludge samples were randomly collected at four specific points to obtain a composite 

sample; this procedure was performed once a week for 17 weeks.  

 The composite sample (2 Kg) was placed in a ziploc sheath, stored and transported at 4 ºC to the Laboratory of Biological 

Sciences (ESPOCH) for analysis. 
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Fig. 1: Domestic wastewater treatment plant. “El Peral”. 

 

Physicochemical analysis. 

 Physicochemical analysis was performed in the soil laboratory (ESPOCH), from 1 kg of composite sample, pH, organic 

matter, electrical conductivity, moisture, nitrogen, phosphorus, potassium, calcium and carbon/nitrogen ratio were determined 

using standardized methods, APHA for pH, electrical conductivity, moisture and OLSEN method for the other parameters 

considered.  

 

Microbiological analysis.  

 In the microbiological analysis, 1 kg of composite samples, was homogenized and using the method of serial dilution, 50 µl 

of dilutions 10
-1

 to 10
-6

 were inoculated in Eosin Methylene Blue Agar medium (EMBA) and MacConkey Agar, then the petri 

dishes were incubated during 72h at 37ºC; at which time the CFU of enterobacteria present in the sample was determined.  

  

Morphological and physiological characterization.  

 For the description of the morphology of the bacterial colonies, pure cultures were obtained in the EMBA and MacConkey 

agar, and the description was made based on the specific characteristics established for each of the genera of enterobacteria in 

these selective culture media [12].  

 

Bacterial resistance test.  

 Disc Diffusion Method for Antimicrobial Susceptibility Testing was used for bacterial resistance test. One dilution 1:100 was 

prepared from each strain and adjusted to that of a 0.5 McFarland standard in distilled water. After, these suspensions were used to 

inoculate the petri dishes by dipping a sterile cotton-wool swab into the suspension and remove the excess liquid by turning the 

swab against the side of the container. Spread the inoculum evenly over the entire surface of the plate by swabbing in three 

directions. Allow the plate to dry before applying discs [13]. 

 Whatman paper discs of 6 mm Ø were submerged in tetracycline (1mg/ml), polymyxin B (1 mg/ml) and cefepime (1x10
3 

mg/ml) and stored to at <8°C, for one hour and then the discs were firmly and evenly applied to the dry surface of inoculated Petri 

dishes.  

 Fifteen minutes after placing the discs proceeded to the incubation at 37ºC for 48h, completed incubation, the measurement of 

the diameters of inhibition zones (mm) and the interpretation of the susceptibility [13 y 14]. 

 

RESULTS AND DISCUSSION 

 

Physicochemical analyses. 

 Results obtained in the physicochemical analyses show that the sludge has a pH varying from 5.05 to 6.92; humidity is often 

above 61%; and the contents of N, P, K and Ca do not exceed 5%; also, the carbon/nitrogen ratio is very low (Table 1). 

 Acid to neutral range in pH is considered adequate for the growth of microorganism including coliforms, whose optimum pH 

goes from 7.0 to 7.5. Nevertheless, these adapt and grow until a minimum pH of 4 and a maximum of 8.5 [15]. The percentage of 

moisture recorded in these sludges, considered high, directly affects the mobility of both the biological load and chemical 

elements presents [16]. Although intermediate humidities (40-60%) are lethal for some bacteria, on the contrary, high or low 

humidities favor several processes including the biological ones [17] as evidenced in this research with the abundant growth of 

Enterobacteria. Not even the low amount of N, P, K and Ca as well as the C/N ratio that evidences the low availability of nutrients 

that may favourable for the activity of certain groups of microorganisms but detrimental to others, however, they growth of 

Enterobacteria has not been affected under the physicochemical conditions described for these sludge to be an atypical 

environment, these results are in agreement with [2], which claim that these microorganisms have induced survival complexes 

under adverse conditions. Another of the options is that the Enterobacteria throughout their evolution can develop biphasic 

lifestyles, consisting of host-independent and host-associated phases, thus surviving in open environments [18]. Even if there were 

no optimal or favorable conditions, especially the bacteria develop the ability to adapt and colonize new niches, particularly, 

bacteria develop capacities to survive, consequently, resistance is generated that is sometimes attributed to the insertion of mobile 

genetic fragments which can even be widely distributed in other domains of life [19]. 
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Table 1: Values of some physical-chemical parameters of the sludge from the domestic wastewater treatment plant "El Peral".   

Sample pH % OM mS EC % Humidity % N % P % K % C C:N 

1 6.92 3.7 3.27 51.99 1.0 0.54 0.07 0.9 2:1 

2 5.05 3.5 3.20 52.85 0.43 2.2 0.21 0.9 1.3 

3 6.10 4.2 3.38 56.89 0.54 2.7 0.26 1.7 1.8 

4 5.56 6.1 3.40 57.44 0.61 3.0 0.41 2.0 1.6 

5 6.58 7.6 3.46 59.77 0.63 3.9 0.44 2.3 2.0 

6 5.05 3.5 3.20 52.85 0.43 2.2 0.21 0.9 1.3 

7 6.10 4.2 3.38 56.89 0.54 2.7 0.26 1.7 1.8 

8 5.56 6.1 3.40 57.44 0.61 3.0 0.41 2.0 1.6 

9 6.58 7.6 3.46 59.77 0.63 3.9 0.44 2.3 2.0 

10 6.10 3.4 3.30 53.10 0.36 2.0 0.12 0.8 1.3 

11 6.92 4.0 3.41 58.02 0.31 2.0 0.19 1.0 1.4 

12 6.76 5.8 3.43 59.89 0.37 2.7 0.33 1.2 1.7 

13 6.75 7.4 3.50 61.29 0.39 3.0 0.38 1.9 1.9 

14 6.10 3.4 3.30 53.10 0.36 2.0 0.12 0.8 1.3 

15 6.92 4.0 3.41 58.02 0.31 2.0 0.19 1.0 1.4 

16 6.76 5.8 3.43 59.89 0.37 2.7 0.33 1.2 1.7 

17 6.75 7.4 3.5 61.29 0.39 3.0 0.38 1.9 1.9 

 

 All the samples had a pH range around de acid, and tending to neutral, although [20 y 21] reported the growth of 

Enterobacteria from environmental samples, at an average pH value of 8.4.  Likewise, the content of organic matter and macro 

elements such as nitrogen are related since about 10% is in the form of ammonium nitrogen and the rest is linked to the organic 

fraction for mineralization processes, as mentioned [22]. 

 

Microbiological analysis.  

 All the sludge samples presented a growth of colonies of Enterobacteria in the two-culture media used, the most abundant 

morphologies in both EMB agar and MacConkey agar were those described for the genera Proteus, Enterobacter, Klebsiella and 

Escherichia and in a smaller amount the growth of Salmonella and Shigella colonies Fig. 2.  

 

 
  (a)   (b) 

Fig. 2: Colonies of enterobacteria. a) EMB agar. b) MacConkey agar. 

 

 The genera Proteus and Escherichia were the most abundant genotypes in the 17 analyzed samples, the genus 

Enterobacter/Klebsiella, Salmonella/Shigella growth was smaller, but the trend was similar in the two-culture media (Table 2).  

 

Table 2: Colony Forming Units (CFU)/g of Enterobacteria from sludge in EMB agar and MacConkey agar, quantified at 72h 

incubation. 

Sample Proteus Enterobacter/Klebsiella Escherichia coli Salmonella/Shigella 

 1 2 1 2 1 2 1 2 

1 8.6x10
6 

7.3x10
6 

4.3x10
6 

3.8x10
6 

3.5x10
6 

3.5x10
6 

1.5x10
6 

1.5x10
6
 

2 6.5x10
6 

7.3x10
6 

- - 2.5x10
6 

2.1x10
6 

- - 

3 4.8x10
6 

5.3x10
6 

- - 4.0x10
6 

4.7x10
6 

- - 

4 5.0x10
6 

5.5x10
6 

- - 3.5x10
6 

4.1x10
6 

- - 

5 2.5x10
7 

2.1x10
7 

- - 8.0x10
6 

8.3x10
6 

4.1x10
6 

4.6x10
6 

6 - - - - 6.0x10
6 

5.5x10
6 

- - 

7 2.5x10
5 

2.0x10
5 

- - 5.3x10
5 

6.0x10
5 

- - 

8 1.5x10
6 

1.9x10
6 

- - 3.5x10
6 

3.0x10
6 

- - 

9 2.0x10
7 

2.4x10
7 

- - 8.0x10
6 

7.4x10
6 

4.0x10
6 

4.3x10
6 

10 1.0x10
3 

1.6x10
3 

- - 5.2x10
6 

5.9x10
6 

1.1x10
3 

1.0x10
3 
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11 1.8x10
3 

1.3x10
3 

- - 3.2x10
4 

2.9x10
4 

1.1x10
2 

1.0x10
2 

12 2.4x10
3 

2.8x10
3 

- - 2.5x10
5 

2.8x10
5 

1.0x10
2 

- 

13 3.1x10
3 

2.7x10
3 

- - 1.5x10
3 

1.1x10
5 

1.0x10
2 

1.1x10
2 

14 - - >300 >300 - - - - 

15 - - >300 >300 - - - - 

16 - - >300 >300 - - - - 

17 - - >300 >300 - - - - 

1: EMB agar- (absence of colonies) 

2: MacConkey agar  

 

In this case, E. coli is the most abundant bacterium with a growth average of 7.7x10
6
 CFU/g. Studies carry out by [23], in 

which analyzes the quantity of Enterobacteria present in waste water treatment plants of milk industry, show that the most 

abundant bacterium is also E. coli, with an average of 2.6x10
7 

CFU/g. These results indicate that the residuality of Enterobacteria 

is high, regardless of the type of industry, which generates a concern due to inadequate process in waste treatments and the 

resistance they generate against the antibiotics whit which infectious diseases are treated. 

 Data reported by [24, 25] shows diversity and mentions the predominant microbial consortium in sludge from treatment 

plants, describing the presence of the phylum Proteobacteria, Gammaproteobacteria class. In the same way, studies made by [26, 

27, 28] affirms the presence of gram-negative including Enterobacteria from clinical and animal origin and who can play a role in 

the electrochemical reduction of oxygen and in extracellular iron reduction but that also present mechanisms of resistance even 

against third-generation cephalosporins.  

 

Morphological and physiological characterization.  

 EMB agar is one of the culture media considered to be selective for the isolation of Gram-negative bacteria. EMB contains 

methylene blue and eosin, which inhibit gram-positive bacteria. These dyes also act as differential indicators in response to the 

fermentation of lactose or sucrose by microorganisms. Coliforms produce bluish-black colonies, while Salmonella and Shigella 

colonies are colorless or transparent amber. Escherichia coli colonies may exhibit a characteristic metallic green luster due to 

rapid fermentation of lactose [12]. 

 MacConkey agar is other standard media used for the isolation of Gram-negative bacteria from clinical specimens and various 

non-clinical materials, on this medium, all organisms of the family Enterobacteriaceae will grow [29 y 30]. 

 Typical colonial morphology of E. coli is pink to rose-red colonies; Enterobacter/Klebsiella are colonies pink but mucoid, 

Salmonella/Shigella are colorless colonies sometimes are orange to amber and Proteus is colorless colonies [11 y 12]. Sixteen 

cultures with different morphology were obtained, Gram staining was performed for the description of microscopic morphology, 

and all were Gram-negative bacilli, later these were codified and stored for later studies Fig. 3.   

 Strains coded from 2867 to 2882 were used for the antibiosis test against three different antibiotics except for the strain 2872 

which was discarded from the study because it presents morpho-physiology like that of strain 2867.   

 

 
Fig. 3: Gram stain of enterobacteria. a) Klebsiella G- (EMB); b) Salmonella G- (MacConckey); c) Escherichia coli G- (EMBA); 

Enterobacter G- (MacConkey).   

 

 Tetracycline (first generation antibiotic), Polymyxin B (Lipopeptides) and Cefepime (Cefalosporina, fourth-generation), were 

used at high concentrations to check the sensitivity or resistance of strains of Enterobacteria isolated from sludge by measuring the 

inhibition halo in colony growth Fig. 4.  
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   (a)     (b) 

Fig. 4: Antibiogram of strain 2882 Escherichia coli. a) EMB: Cefepime (25 mm), Polymyxin B (7 mm), Tetracycline (0 mm) and 

Control (0 mm). b) MacConkey: Cefepime (15 mm), Polymyxin B (11 mm), Tetracycline (0 mm), and Control (0 mm).  

 

 Thirteen of fifteen strains showed tetracycline resistance and only two were inhibited (2873 and 2876), only one of the fifteen 

were resistant to polymyxin B (2870) y fourteen were inhibited, eight were resistant to cefepime and seven were inhibited (Table 

3). 

 Most strains (13) were resistant to tetracycline and eight to cefepime, while polymyxin B if it inhibited the growth of 14 

strains and only one was resistant. These results show that if an infection occurred because of these strains, only polymyxin B 

could be used for treatment. However, their use is limited by side effects related to its nephrotoxic and neurotoxic potential. 

 Tetracycline could not be used to treat infection due to any of the 13 resistant strains, suggesting that one of the mechanisms 

of resistance developed by these strains in the increased efflux of antibiotics. In this mechanism the membrane expels from the 

bacterial cell the antibiotic that could have entered, avoiding that it reaches its site of action, is a very common mechanism and 

can occur both al the chromosomal and plasmid level [31]. Many genes are associated with mobile plasmids, transposons, and 

conjugative transposons, some of which affect the coding of some protein that protects the bacterial ribosome, or inactivate 

enzymes, can even use some other mechanism not yet described [32]. Since tetracyclines, such as tetracycline, chlortetracycline, 

doxycycline, or minocycline act upon the conserved sequences of the 16S rRNA of the 30S ribosomal subunit to prevent binding 

of t-RNA to the A specific site [33]. 

 On the other hand, Cefepime is an antibiotic of more rapid penetration, more resistant to inactivation and can choose as 

targets to multiple proteins of union considered essential [34]; and showed efficacy against 7 strains of Enterobacteria obtained, 

however, resistance to this broad-spectrum antibiotic was also recorded in 8 strains which suggests that any of the three 

mechanisms of resistance, inactivation, efflux and site-specific alterations of action could be present, even the expression or 

repression of genes essential for the production of β-Lactamase could influence reducing or canceling the effectiveness of this 

cephalosporin [35, 36]. However, at least the seven isolates obtained in this work could be controlled with the use of this antibiotic 

and improve its effectiveness by combining cefepime and zidebatam to achieve better results as reported in the study conducted 

by [37]. 

 

Table 3. Enterobacteriaceae is resistant to Tetracycline, Polymyxin B and Cefepime. Inhibition zone in mm. 

Code Tetracycline Polymyxin B Cefepime Code Tetracycline Polymyxin B Cefepime 

2867 ✓ ++ ✓ 2876 + ++ ++ 

2868 ✓ ++ ✓ 2877 ✓ + ++ 

2869 ✓ +++ ✓ 2878 ✓ ++ + 

2870 ✓ ✓ ✓ 2879 ✓ + + 

2871 ✓ ++ ✓ 2880 ✓ ++ + 

2873 ++ ++ ✓ 2881 ✓ + ++ 

2874 ✓ ++ ✓ 2882 ✓ + ++ 

2875 ✓ ++ ✓     

✓ Resistance Inhibition range  

   + 1-5 mm 

   ++ 6-10 mm 

   +++ >10mm 

 

 Just one strain (2870) showed resistance to the three antibiotics used in this study, particularly, the resistance to polymyxin 

can be attributed to modifications of the outer membrane lipopolysaccharide of bacteria as described [38] but it has also been 

described chromosomal and plasmid-mediated resistance as they describe [39] while fourteen strains were susceptible to this 

antibiotic. On the other hand, resistance to tetracycline can attributed to the acquisition of new genes, which code for energy-

dependent efflux of tetracycline, or for a protein, that protects bacterial ribosomes as reported [40].  
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CONCLUSION 

 According to our results, the presence, ability to survive and resistance to antibiotics shown by several strains of 

Enterobacteria, isolated from the samples of the sludge object of our study, we can conclude that the risks for public health are 

still present due to the poor management of urban wastewater treatment plants, which have been subjected to several processes 

such as the elimination of physical, chemical and biological contaminants. The microbial load present and reported in this study 

shows the deficiencies in certain procedures that are not completely optimal and directly affect the quality of the health of a 

population, considering that water and sanitation are the main engines of good public health. However, this being the first report 

of Enterobacteriaceae in sludge samples from the domestic wastewater treatment plant "El Peral", further studies are necessary to 

isolate, identify and establish the role of this bacterial group in the microbiota of the sludge as well as their real impact on other 

ecosystems and the population of the sector. 
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