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Abstract 

There are several chemical, physical and microbiological parameters that characterize water in its 

quality. However, these do not mirror nowadays strict requirements of a good quality water and, there are 

other problems which are not being covered by legislation, as an example, antibiotics resistance in water. 

Antibiotics resistance dissemination in Enterococci was researched, focusing in Enterococcus faecium and 

Enterococcus faecalis, using PCR as they are the most common nosocomial pathogens. This study used 

water samples from Portugal, Germany, Denmark, Finland and Spain, with different sources as hospitals, 

human and agricultural industry wastewaters. Antibiotic susceptibility tests were made for all of the 117 

identified isolates, using disk diffusion method. Amongst the most relevant antibiotics for Enterococci 

infection treatment, those which were selected to be presented in this study are protein synthesis inhibitors 

(gentamicin, linezolid, chloramphenicol, tigecycline, tetracycline), DNA inhibitors (ciprofloxacin) and cell 

wall inhibitors (ampicillin, vancomycin). Antibiotics resistance profiles were obtained, where the highest 

percentages were for tetracycline (44%), for ciprofloxacin (18%) and for gentamicin (12%). This study 

concluded that the referred bacteria are broadly disseminated by the aquatic environments. Only 3% of the 

analyzed isolates are multiresistant, nevertheless it is important to control these bacteria, since that their 

persistance and evolution may cause serious problems to human health. 
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1. Introduction 

Water is essential for life and is essential 

for a sustainable development of countries. 

Therefore, lack of quality water diminishes the 

people’s quality of life. 

However, the WHO estimates that in 

developing countries, some two million 

children die each year of infectious diseases 

associated with contaminated water.[1] 

 

 

 

The evaluation of the microbiological 

quality of water aims to protect consumers 

from illness due to consumption of water 

that may contain pathogens such as 

bacteria, viruses and protozoa, and thus to 

prevent water related illnesses outbreaks. 

Pathogenic microorganisms are associated 

with fecal waste and can cause a variety of 

diseases including typhoid fever, cholera, 

giardiasis (a parasitic infection of the small 

intestine), and hepatitis, either through the 

consumption of contaminated water. This has 

been, and still is nowadays an important 

challenge. Since these pathogens tend to be 
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found in very low concentrations in the water, 

and there are many different pathogens, it is 

difficult to monitor them directly. Also, 

pathogens are shed into the waste stream 

inconsistently. For these reasons, direct 

testing for pathogens is expensive and nearly 

impossible.[2] 

For the past century, this evaluation has 

been performed through the analysis in 

finished water of fecal pollution indicators, 

which are expected to predict the potential 

presence of pathogenic microorganisms in 

the water. Instead, monitoring for pathogens 

uses “indicator” species whose presence in 

the water suggests that fecal contamination 

may have occurred. The four most common 

indicators used by laboratories are: total 

coliforms, fecal coliforms, E. coli, and 

enterococci—are bacteria that are normally 

prevalent in the intestines and feces of warm-

blooded animals. 

The definitions of index and indicator 

organisms used to evaluate the 

microbiological quality of water have some 

criteria. To be a good assessor of fecal 

contamination, an indicator organism should 

meet as many of the following criteria: 

 Be present whenever enteric 

(intestinal) pathogens are present and 

in a larger amount; 

 Be useful for all types of water; 

 Have a longer survival time than the 

hardiest enteric pathogen; 

 Not grow in water; 

 Be found in warm-blooded animals’ 

intestines; 

 The testing method should be clear as 

well as easy and fast to perform; 

 The density of the indicator organism 

should have some direct relationship 

to the degree of fecal pollution.[3], [4]  

Enterococci are natural members of the 

digestive microbiota in warm-blooded animals 

and humans and their presence is regarded 

as an indicator of fecal contamination.[5] This 

group belongs to the genus Enterococcus 

spp. belonging to Enterococcaceae family, 

Lactobacillales order, Bacilli class, phylum / 

division Firmicutes and domain / kingdom 

Bacteria.[6] 

Enterococci are Gram-positive bacteria, 

facultative anaerobic, and may be single or 

may be aggregates cocci in pairs or short 

chains. These bacteria don’t have mobility, do 

not form spores, and are catalase negative. 

They are also resistant to most antibiotics to 

which the Gram positive bacteria are 

sensitive and are therefore a good model 

organism for the study of antibiotic resistance. 

[7], [8] 

These bacteria have the ability to survive 

in harsh conditions by being scattered in all 

types of environments. They withstand at 

temperatures between 5ºC and 65ºC 

(optimum temperature is 35ºC), the pH 

ranges between 4.5-10. Also they grow at 

high levels of salinity as 6.5% sodium 

chloride. Also enterococci produce leucine 

aminopeptidase and hydrolyze esculin in the 

presence of 40% bile salts. They are able to 

grow in the presence of chemical 

disinfectants such as chlorine, glutaraldehyde 

and alcohol. These characteristics enable 

them to colonize a wide range of niches that 

helps them to survive and to spread in 

hospitals.[7], [9] 

Nowadays, 54 species belong to this 

genus, and the most common are 

Enterococcus faecalis and Enterococcus 

faecium, which are present in human feces, 

(105 to 107 per gram and 104 to 105 per gram 

of human feces respectively).[7]–[9] 

Some examples of Enterococal infections 

are urinary tract infections, hepatobiliary 

sepsis, endocarditis, bacteremia and 

neonatal sepsis, which are predominantly 

caused by Enterococcus faecalis and 

Enterococcus faecium. In addition to the 

increasing rate of infections, enterococci are 

becoming increasingly more resistant to 

antimicrobial agents globally, and being the 

most common nosocomial pathogens.[5], [7] 



3 
 

Resistance to antibiotics is considered 

one of the most important problems of public 

and economic health of our time. In the 

European Union alone, 25 thousand deaths 

are recorded per year due to lack of 

antibiotics that effective against multiresistant 

bacteria. Political measures have been 

adopted, information was provided, and 

interventions were performed focusing on 

limiting the use of antibiotics in different 

regions in order to control this problem, but 

still without the expected success.[10] 

Consequently, the objectives of this paper 

are to study the dissemination of enterococci, 

to determine the incidence of antibiotic 

resistance in E.faecalis and E.faecium from 

water samples with different sources 

(hospitals, human and agricultural industry 

wastewaters).  

 

2. Materials and Methods 

2.1 Sample collection 

Samples were obtained from hospital 

waste, human sewage and different types of 

farms including pigs, poultry, dog and cow. 

These samples came from Portugal, 

Germany, Denmark, Finland and Spain. The 

collected samples were stored at 5 ± 3 °C and 

analyzed for up to 82 hours after harvesting. 

The procedure for collection of the water 

samples was performed according to ISO 

5667-3:2012. 

 

2.2 Concentration of Enterococci from 

water samples 

The detection and isolation of 

enterococci was conducted in accordance 

with ISO 7899-2: 2000. In short, samples and 

successive dilutions (up to a dilution 10-5) 

were filtered by the method of membrane 

filters (filter porosity 0.45 μm  Whatman®, GE 

Healthcare LifeSciences) and placed to 

incubate in the middle Slanetz and Bartley 

(Thermo Scientific ™ OxoidTM, England) at a 

temperature of 36 ± 2ºC for 44 ± 4 hours in an 

oven. After colony growth, the membranes 

were transferred to a solid medium azide Bile 

Esculin Agar (Biokar Diagnostics, France) 

and incubated at 44 ± 2ºC for 0.5 hours in the 

oven (brand name and country). Colonies 

with a black halo are considered positive 

(Intestinal Enterococci). This procedure 

identified the genus of bacteria. 

 

2.3 Bacterial Identification Specie using 

PCR 

For the identification at the species 

level, genomic DNA from positive colonies 

was extracted with GenoLyse kit (Hain Live 

Science®). First, 50 μl of a lysis reagent were 

added to a microcentrifuge tube and one 

colony of each isolate with a sterile pipette tip 

was collected. Both solutions were mixed 

together and stirred with a vortex. 5 minutes 

incubation at 95ºC in a water bath was carried 

over. Afterwards, the sample was centrifuged 

in a centrifuge 1 minute 14500 rpm  50 μl of 

neutralization reagent were added to each 

tube and the sample was stirred by vortexing 

for 5 seconds. Further vortex with a maximum 

speed of 14500 rpm took place. Finally, the 

supernatant was transferred to a new 

microcentrifuge tube for subsequent analysis 

by polymerase chain reaction (PCR). The 

entire procedure until the extraction is carried 

out in aseptic conditions and the extraction of 

DNA from 172 isolates was allowed. 

 

2.4 PCR Primers and Reaction 

Conditions 

Identification to the species level of 

these isolates was confirmed by PCR to 

detect the genes ddlE.faecalis and ddlE.faecium 

which are specific for E.faecalis and 

E.faecium respectively, using specific 

primers. Primers were synthesised by 

Thermo Scientific. To perform PCR 12.5 μl 

were added of Master Mix HOT Green®,  

5.5 μL of nuclease-free water, 1 μl of each 

primer pair each brand Thermo Scientific® 

and 5 μl of the supernatant obtained with the 

GenoLyse Kit, so that a reaction volume of 25 

μl for each PCR tube is achieved. For each 
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isolate two PCR reactions were performed. 

One with ddlE.faecalis primer and another with 

ddlE.faecium primer. The reactions were 

performed in a Veriti® 96-Well Thermal 

Cycler (Applied Biosystems). Primer 

sequences together with the expected 

amplicon sizes are listed in Table 1. Cycling 

conditions consisted of 94ºC for 2 min, 

followed by 30 cycles of 94ºC for 1 min, 54ºC 

for 1 min, 72ºC for 1 min. After amplification, 

8 μl were added to each PCR product (a PCR 

tube with E. faecalis primers and other PCR 

tube primers with E. faecium) to a 

microcentrifuge tube. Then 2 μl of 

bromophenol blue dye were added and 

analyzed by electrophoresis on an agarose 

2.5% wt/vol gel with 1X TAE 70 V buffer. The 

marker was used (100 bp Ladder BioLabs, 

New England, Biocompare the mark, 

England). Gels were stained in ethidium 

bromide, viewed by UV transillumination and 

photographed using GeneSnap imaging 

system (SynGene®). It should be noted that 

this procedure was followed for all agarose 

gels made during the experimental work. For 

further analysis, the identified species were 

stored at -80ºC in 10% glycerol. For a good 

storage condition, each culture was 

suspended in a microcentrifuge tubewith 900 

μl of tryptic soy broth medium and 100 μl of 

100% glycerol. The tubes were stirred with 

the aid of a vortex. 

 

2.2 Antibiotic susceptibility testing 

Antibiotic resistance phenotypes were 

determined by the disk diffusion method. The 

antibiotic discs vancomycin (VA, 30 μg), 

ampicillin (AM, 10 μg), chloramphenicol (C, 

30 μg), ciprofloxacin (CIP, 5 μg), gentamicin 

(GM, 120 μg), linezolid (LZD, 30 μg), 

tetracycline (TE, 30 μg) and tigecycline (TGC, 

15 μg) (Oxoid), were placed on the surface of 

each inoculated plate. The diameters of 

antibiotic inhibition zones were measured and 

recorded as susceptible (S), intermediate (I) 

or resistant (R) according to BBLTM  

Sensi-DiscTM (BD, Oxoid).

 

Table 1: Oligodeoxynucleotide primers. Legend: +, sense primer; -, antisense primer. 

Primers 
Size of PCR product 

(bp) 
PCR conditions 

ddl_faecium_1 

+TAGAGACATTGAATATGCC (5´-3´) 

550 
      94ºC (2 min) 

      94ºC (1 min) 

      54ºC (1 min)          30 cycles 

      72ºC (1 min) 

     72ºC (10 min)  

        4ºC (infinito) 

ddl_faecium_2 

-TCGAATGTGCTACAATC (5´-3´) 

ddl_faecalis_1 

+ATCAAGTACAGTTAGTCT (5’-3’) 
941 

ddl_faecalis_2 

-ACGATTCAAAGCTAACTG (5’-3’) 

3. Results and discussion 

3.1 Sample collection 

In order to assess the spread of these 

bacteria, a total of 39 water samples were 

collected. In 34 of those samples, intestinal 

enterococci were detected. Of these 34 

samples, 16 samples were from human 

wastewater, 4 from animals, and 14 from 

hospital wastes from different European 

countries. The presence of enterococci was 

not detected in only 5 samples, possibly due 

to being stored in a refrigerator longer than 

the 82 hours stipulated by the standard  

ISO 5667-3: 2012. 

 

3.2 Concentration of Enterococci from 

water samples 
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Microorganisms like enterococci have the 

ability to hydrolyze esculin in esculetin and 

dextrose. Esculin reacts as an iron cyanide, 

forming a dark brown complex around the 

bacteria growth. Consequently, only isolates 

which were positive to esculin hydrolysis were 

chosen to carry on with further testing. On the 

account of the several colonies phenotypical 

differences, four to five typical colonies were 

selected, from the lowest dilution, so that a 

representative samples would be achieved. A 

total of 172 enterococci isolates were 

obtained. 

 

3.3 Bacterial Identification Specie using 

PCR 

A species identification study was carried 

out by means of PCR. The procedure was 

followed as is described by Dutka in 1995.[11] 

The product of the reaction for the E. faecalis 

has a size of 941 bp (see Fig. 1) and a size of 

550 bp for E. faecium. 

 

Fig. 1: Example of Agarose Gel obtained by PCR 
analysis. M well, marker (100 pb Ladder BioLabs, New 
England, Biocompare, Inglaterra); 151 well, E. faecalis 
corresponding to isolate no. 151. 

 

Analyzing Fig. 1, for example for the 

well corresponding to the isolate no. 132, one 

may confirm that the isolate it’s from the 

Enterococcus faecalis species, as the product 

of the amplification has ca. 941 bp comparing 

with the marker well “M”. 

With this technique, it was possible to 

confirm that the species of the 117 isolates 

(55 isolates didn’t show any bands). A total of 

116 Enterococcus faecalis and only one 

Enterocuccos faecium isolate from were 

obtained. The latter was from a Portuguese 

hospital waste. 

Of the 39 analyzed samples, 5 didn’t show 

presence of Enterococcus faecalis nor of the 

faecium kind. Thus the total of samples is 34, 

of which, 16 samples are from human 

wastewaters (a total of 62 Enterococcus 

faecalis isolates were obtained), 14 samples 

of Portuguese hospital wastes (a total of 47 

Enterococcus faecalis isolates and a single 

Enterococcus faecium isolate were obtained) 

and 4 samples of German agricultural 

industry wastewaters (7 Enterococcus 

faecalis isolates). That makes a total of 117 

isolates of identified enterococci. 

One must highlight the fact that one 

obtained more Enterococcus faecalis isolates 

rather than Enterococcus faecium. This result 

is expected, since in excrements it is more 

likely to find the first type than the latter, how 

it is affirmed in references.[7], [9] 

 

3.4 Antibiotic susceptibility testing 

Of all the analyzed samples, 153 antibiotic 

tests were made in all of the 117 identified 

isolate samples (56 of human wastewaters, 

89 of hospital wastes and 8 of agricultural 

industry).The distribution of resistances is 

pictured in Fig. 2. 
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Fig. 2: Resistance obtained for all isolates identified for 
all antibiotics studied. ampicillin, vancomycin, 
tigecycline, ciprofloxacin, gentamicin, linezolid and 
chloramphenicol. 

67 of the 116 isolates identified as 

E. faecalis showed resistance to tetracycline, 

corresponding to 44% of the samples. This 

antibiotic has been frequently mentioned 

amongst enterococci from different sources, 

including Portugal [12]. This statement may 

be due to the fact that tetracycline was used 

during many years in animal ration, as a 

growth promoter, although its use was 

banned in the European Union in 1975.[13] 

Although some isolates appear to have 

ampicillin resistance, their percentage is 

rather low, only 6%. This is related with 

acquired resistance [9]. The sample which 

had greater resistance to ampicillin was that 

of the agricultural industry, although the 

expected was to have a greater resistance in 

hospital wastewaters, as it was proved in 

other studies.[5] 

For an isolate to be considered as 

multiresistant, it has to have resistance to at 

least 3 antibiotics that belong to different 

target action areas [14]. Applying this 

concept, only 16 out of 117 are considered to 

be multiresistant (3 out of 62 isolates in 

human wastewaters, 1 out of 7 of agricultural 

industry wastewaters and none of the hospital 

wastewaters), which is 3.4% of multiresistant 

isolates. 

It may seem like there is nothing to be 

alarmed for, but this could indicate a risk for 

public health. In this paper, resistance to 

antibiotics like vacomycin and gentamicin 

was observed. These are the most important 

antibiotics to treat inffections against 

multiresistant enterococci.[13] 

 

4. Conclusions 

It was proven by this study that enterococci 

are widely disseminated through the studied 

environments, since ca. 87% of the collected 

samples had the microorganism present. 

With these samples 172 isolates were 

obtained, where 117 were identified at the 

specie level for Enterococcus faecalis and 

Enterococcus faecium. 

Although the results obtained in this paper 

showed a low percentage of multiresistant 

bacteria (only 3% of the resistant isolates), it 

is very important to control these 

microorganisms in all the environments, as 

the persistency and continuous evolution may 

lead to serious problems to mankind. 

Furthermore, the persistency of isolates in 

places where environmental laws are not 

abide, may cause for bacteria to evolve to 

higher levels of resistance, as showed in this 

study, where in hospital wastewaters there 

was high percentage of resistance. 

It is clear that the dissemination risk of 

resistant bacteria, which is the case of 

enterococci¸ gets higher with each day. It is a 

grave public health concern. 

In this paper, these bacteria dissemination 

in environments was evaluated, by the use of 

biological indicators. Then their pathogenic 

potential was studied, assessing their 

antibiotic resistance. 

Antibiotic susceptibility was tested, where 

the state of the cell is important as the growth 

phase, temperature, culture media amongst 

other parameters. One susceptibility test may 

be repeated for the same strain and same 

isolate, and the result may not be exactly the 

same. Further cell tests may be required. 

For future work, all the isolates should be 

tested with RT-PCR, with objective of 

verifying the genetic expression, as 

susceptible isolates may have the resistance 
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gene, but not have it expressing enough to 

have phenotypical resistance. 

It would be interesting to assess the strain 

of the isolates no. 20, 67 and 143 (the most 

resistant of each type of sample), as well as 

the presence of virulence factors. 

The era of antibiotics against eukaryote 

and prokaryote infectious agents is believed 

to be meeting its end, due the rapid 

development of resistance in microorganisms 

which were until now, susceptible to 

antibiotics.[17] 

With that said, in the future mankind will 

need a more effective method to avoid 

disease spreading and economic 

consequences, caused by gram-positive 

bacteria. 
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