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Abstract: One of the problems associated to bacterial biofilms is the extraordinary resistance to biocides and 

antibiotics. The biofilm formation gives advantages to bacteria as the natural protection from the environment 

and the host defense mechanisms. It has been reported that the bacteria are forming biofilm adhered to the 

walls of water pipes. The bacterial biofilm formation in the water pipes has been of interest in many countries 

because are pathogenic microorganisms for what constitutes a threat to public health. The present study aimed 

to seek the antibiotic resistance by bacteria to form biofilm into water pipes commonly used. 
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1. INTRODUCTION  

As it is known bacteria form biofilms which are complex communities of bacteria adhered to inert 

surfaces (for example: glass, stainless steel, plastic) or tissues and organs; they contain an 

exopolysaccharide matrix, water, proteins, nucleic acid, bacteria and bacterial lysis products (Ceri et 

al, 1999; Costerton et al., 1995; Costerton, 1999; Decho, 2013; Donlan, 2011). One of the problems 

associated with bacterial biofilms is the extraordinary resistance to biocides (Anderl et al., 2000; 

Bridier et al., 2011). The biofilm gives certain advantages to bacteria, for example: the natural 

protection from the environment, also resistance to the bactericidal action of the antimicrobial; the 

host defense mechanisms are altered (Flores-Encarnación et al., 2014; Kostakioti1 et al., 2013). 

Currently it has been reported that the bacteria are forming biofilm adhered to the walls of the water 

pipes. The presence of biofilm in the water supply system is a threat to public health (Flores-

Encarnación et al., 2016; Hryniszyn et al., 2015; Knobelsdorf and Mujeriego, 1997; Mahapatra et al., 

2015).  

The biofilms in the water pipes has been of interest in many countries because are pathogenic 

microorganisms (Ashbolt, 2015; Chaves-Simões and Simões, 2013; Mahapatra et al., 2015).  

2. MATERIAL AND METHODS 

2.1. Biological Material   

The Pseudomonas aeruginosa, Escherichia coli, Citrobacter freundii and Klebsiella oxytoca bacteria 

were used. The bacterial samples were previously isolated and identified from domestic water pipes 

commonly used at the municipality of Puebla, México (Flores-Encarnación et al., 2016). These 

bacterial species were selected from the group of 25 previous isolates and because they were the most 

abundant. As reference E. coli K12 strain was used. In all cases the strains were stored into cryovials 

at -40°C until analysis.  

2.2. Culture  

The nutrient broth (3g/L beef extract; 5g/L peptone, pH 6.8) was used for bacterial culture. For that, a 

total of 125 μL of each bacterial strain was inoculated in 5 mL of nutrient broth and incubated 
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overnight at 37°C during 24 hours (preculture). The growth in plate was assayed on nutrient agar 

plates. Bacteria were inoculated in cross groove on nutrient agar plates and it was incubated at 37
o
C 

for 24 hours.  

2.3. Biofilm Formation Technique using Microplate  

The quantification of bacterial biofilm production was performed according to the modified method 

described by Stepanovic et al., (2004). Briefly, a total of 125 μL of each bacterial preculture was 

inoculated in 5 mL of fresh tryptic soy broth. From each bacterial suspension 1x10
6
 cell were used in 

sterile 96 well plates and they were incubated aerobically in humid chamber at 37°C during 96 hours. 

After the incubation time, it proceeded to delete the contents of plate wells and 250 L of 0.1% 

crystal violet was added for 20 minutes, staining the bacteria in the biofilm. Then it proceeded to 

delete the crystal violet of plate wells and dye excess was deleted washing twice with distilled water. 

The optical density was read spectrophotometrically at 595 nm. On the other hand, the ability to form 

bacterial biofilm was tested using the calcofluor white staining. So the bacterial sample was placed on 

a glass slide and then the sample was stained with 0.02% calcofluor white. The glass slide was 

incubated at room temperature for 20 min in the dark and it was then exposed to UV light. All assays 

were repeated in quadruplicate.   

2.4. Antimicrobial Susceptibility Testing  

To determine the resistance profile of the isolated bacteria the antibiotic diffusion technique was used. 

For that, bacterial strains were scattered on nutrient agar plates and discs with antibiotics were used: 

penicillin (10IU), oxacillin (1µg), tetracycline (30µg), nitrofurantoin (300µg), trimethoprim-

sulfamethoxazole (23.75µg/1.25µg) and amikacin (30µg) (B BBL, Sensi-Disc). The bacterial bacteria 

was incubated overnight at 37°C during 24 hours. After twenty-four hours proceeded to make the 

measurement of growth inhibition. Then it proceeded to compare the results with the parameters of 

sensitivity and resistance following the rules of Clinical and Laboratory Standards Institute. The 

diameter of zone of inhibition of growth was recorded.  

3. RESULTS  

For this study P. aeruginosa, E. coli, C. freundii, K. oxytoca and  Klebsiella sp. bacteria were used. 

This bacteria were recovered from water pipes in common use at the municipality of Puebla, México 

(work previously reported). As described above, the biofilm formation in vitro of each bacterium 

isolated was determinated as indicated in Material and Methods. The optical density was read 

spectrophotometrically at 595 nm. The results obtained are shown in the Fig. 1A. As shown in Fig. 

1A, all bacteria isolated from water pipes were able to form biofilm. The measurement of biofilm 

formation for E. coli, P. aeruginosa and K. oxytoca showed similar results, showing an average 

optical density (595 nm) to 0.45. C. freundii  showed the highest ability to form biofilm having an 

optical density (595 nm) close to 0.6. Fig.1B shows staining the bacteria forming biofilm in plate 

wells using 0.1% crystal violet. On the other hand, to confirm the presence of bacteria forming 

biofilm, it was performed other staining using calcofluor white. For this, bacterial sample was placed 

on a glass slide and stained with calcofluor white. The calcofluor white is a fluorescent dye, it binds to 

exopolysaccharides of biofilm matrix. As shown in Fig. 1C, the extended sample on a glass slide 

produced fluorescence emission when it exposed to UV light.  

On the other hand, to determine the resistance profile to antibiotics by bacteria the plate diffusion 

technique was used. To remember that the bacteria probed were isolated from water pipes commonly 

used and bacteria were not from clinical isolates. The antibiotics penicillin, oxacillin, tetracycline, 

nitrofurantoin, trimethoprim-sulfamethoxazole, and amikacin were used. The bacterial strains was 

incubated overnight at 37°C during 24 hours. The results obtained are shown in the Table 1. As shown 

in the Table 1 all bacteria were resistant to penicillin and oxacillin. Majority of the bacteria were 

found to be resistant to tetracycline (75%). All bacteria probed were more susceptible to 

trimethoprim/sulfamethoxazole (75%). All bacteria of this study were sensitive to amikacin. P. 

aeruginosa showed the maximum resistance found to the group of antibiotics probed. Only it was 

found more susceptible to tetracycline and amikacin (33%). E. coli was found to be sensitive to 

trimethoprim/sulfamethoxazole, nitrofurantoin and amikacin (50%) and it showed resistance to 

penicillin, oxacillin and tetracycline (50%).  K. oxytoca and C. freundii were found to be more 

sensitive to tetracycline, trimethoprim/sulfamethoxazole, nitrofurantoin and amikacin (66%) and they 

showed resistance to penicillin and oxacillin.   

https://www.bd.com/ds/technicalCenter/inserts/8085891(02).pdf
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Fig1. The biofilm formation by bacteria isolated from water pipes. A. The biofilm was measured 

spectrophotometrically using violet crystal (1: E. coli; 2: P. aeruginosa; 3: K. oxytoca; 4: C. freundii). B. 

Staining the bacterial biofilm in plate wells. C. Confirming the presence of bacteria forming biofilm with 

calcofluor white staining    

Table1. The resistance profile to antibiotics by bacteria forming biofilm in water pipes 

Bacteria P OX TE SXT F AK 

E. coli R R R S S S 

P. aeruginosa R R S R R S 

K. oxytoca R R S S S S 

C. freundii R R S S S S 

R, S- Resistant; Sensitive.  

P- Penicillin, OX- Oxacillin, TE- Tetracycline, SXT- Trimethoprim/Sulfamethoxazole, F- Nitrofurantoin,       

AK- Amikacin.  

4. DISCUSSION  

The most bacteria are the environment forming biofilm (Costerton, 1999; Hall-Stoodley et al., 2008). 

It has been reported that the formation of bacterial biofilm contributes significantly to antibiotic 

resistance (Stewart and Costerton, 2001). The drinking water must be free of pathogenic infectious 

agents, however it has been observed that it has a variety of microorganisms, including bacteria 

forming biofilm in distribution systems (Wang et al., 2014). 

In recent years, the growth of bacteria in water pipes has been of interest in many countries, especially 

since pathogenic bacteria can grow forming biofilms in them (Mahapatra et al., 2015). The formation 

of biofilm is a dynamic and continuous process that forms a complex microenvironment in the water 

pipes (Ashbolt, 2015; Hall-Stoodley et al., 2008; Nazar, 2007).  

In a previous study we detected the presence of bacteria forming biofilm in water pipes (Flores-

Encarnación et al., 2016).  This presence of bacteria forming biofilm in water pipes was in accordance 

with what was reported by other authors (Ashbolt, 2015; Hryniszyn et al., 2015; Knobelsdorf and 

Mujeriego, 1997; Mahapatra et al., 2015). From the bacteria recovered in the previous study, P. 

aeruginosa, E. coli, C. freundii and K. oxytoca were selected (because they were the most abundant 

bacteria in the water pipes) and biofilm formation was determinated. As was observed in Fig. 1, all 

bacteria formed biofilm and C. freundii showed the highest ability to form biofilm followed by K. 

oxytoca, P. aeruginosa and E. coli. The presence of bacteria forming biofilm was confirmed using 

staining of calcofluor white which binds to exopolysaccharides of biofilm matrix. It has been 

described that in water pipes bacteria can reproduce from the available organic matter. The factors 

that contribute significantly to the development of them are: ineffective concentration of disinfectants, 

pH and water temperature, residence time of the water in the tanks and piping, tube construction 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Stewart%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=11463434
http://www.ncbi.nlm.nih.gov/pubmed/?term=Costerton%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=11463434
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material. So the drinking water loses quality along its passage through the water supply pipes (Wang 

et al., 2014). The presence of bacteria in water pipes indicates the poor quality of water and water is a 

vehicle for diffusion of pathogenic bacteria (Chaves-Simões and Simões, 2013).  

On the other hand, water distribution systems are places where bacteria remain viable for a long time; 

there bacteria can to exchange genetic material and it provides resistance to antibiotics (Armstrong et 

al., 1981; Li et al., 2015). In this context it has been common to find reports regarding the presence of 

antibiotics in wastewater, water from treatment plants or river water (Li et al., 2015; Martínez et al., 

2010). However, in recent years it has been of interest to notice the presence of bacteria in drinking 

water pipes, especially bacteria that are resistant to different antibiotics. Thus in the present study, it 

was determined the antibiotic resistance profile by P. aeruginosa, E. coli, C. freundii and K. oxytoca 

which were isolated from water pipes. The results showed that those bacteria were resistant to 

penicillin and oxacillin (Table 1). Majority of them were found to be resistant to tetracycline (75%) 

and were more susceptible to trimethoprim/sulfamethoxazole (75%). All bacteria of this study were 

sensitive to amikacin. As it was expected, P. aeruginosa showed the maximum resistance found to 

group of antibiotics probed, however it was found more susceptible to tetracycline and amikacin. E. 

coli was found to be sensitive to trimethoprim/sulfamethoxazole, nitrofurantoin and amikacin and it 

showed resistance to penicillin, oxacillin and tetracycline. K. oxytoca and C. freundii were found to be 

more sensitive to tetracycline, trimethoprim/sulfamethoxazole, nitrofurantoin and amikacin and they 

showed resistance to penicillin and oxacillin. It has been described that biofilm gives the 

microcolonies a resistance mechanism to antibiotics, being extremely effective and conferring 

resistance to bacteria by a factor of about 500 times than usual (Bruce et al.,  2007). The above data 

were of great interest since it is assumed that the water used daily should be free of pathogenic 

bacteria. However, the formation of biofilm inside the water pipes is indicative that there must be 

planktonic bacteria freely circulating in the water and that the formation of biofilm represents an 

important element for the survival of the bacteria adhered to the water pipes. The most surprising was 

to find pathogenic bacteria resistant to some antibiotics which could represent a possible risk to public 

health, especially for those immunocompromised individuals.   

5. CONCLUSION  

The biofilm formation is a advantage for bacteria. In addition to facilitating the intercellular 

communication within a biofilm, bacteria can survive when there is nutrient deficient conditions or 

when bacteria are found in dynamic environments. Also the biofilm formation provides the protection 

from antibiotics and disinfectants. It is important to understand how bacteria are capable of grow 

under low-nutrient conditions for long periods of time attached to pipe surfaces forming biofilm and 

the most relevant is that they are pathogenic bacteria resistant to antibiotics.   
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