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ABSTRACT 

The emergence of multidrug resistant enterococcal infections has generated considerable attention in the recent past. The present study was 
conducted to analyze the species distribution of enterococcus, the factors facilitating their persistence like the resistance properties in the isolates 
from drinking water sources of hospital and communities.  270 water samples were collected from various sources and were tested for the presence 
of enterococci using conventional identification methods. The enterococcal isolates were then tested for antibiotic resistance and disinfectant 
resistance of enterococci in suspension and in biofilm. 85% of the hospital water samples, 76% of the well water samples, 57% of the bore well 
water samples turned positive for the presence of enterococci. None of the bottled water samples were positive. E.faecium was the predominant 
species isolated followed by E.faecalis, E.gallinarum, E.avium. E.durans and E.raffinosus. Bacteria in the biofilm were more resistant to the action of 
disinfectants than the bacteria in the suspension. All enterococcal species displayed drug resistance to more than one drug. Our results show that 
enterococci with antibiotic resistance were extensively distributed in most of the drinking water sources. This could be due to the possible 
formation of highly resistant biofilm in the water distribution system. This water can contaminate environmental surfaces, medical equipments, 
endoscopes, respiratory equipments and ultimately lead to patient exposure.  
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INTRODUCTION  

Enterococci are gram positive cocci. They predominantly exist as 
commensals in the alimentary canal and act as opportunistic 
pathogens that cause nosocomial infections. Enterococci are capable 
of developing strategies to enhance their survival in adverse 
situations1,2  such as conditions of high salinity, changes in 
temperature, the presence of heavy metals or the presence of 
antimicrobial agents, and hence continue to be important 
nosocomial pathogens. 

Enterococci are described to be more disinfectant resistant than 
E.coli 3. Many investigators have reported the biofilm production by 
Enterococci 4. Biofilm if formed inside the drinking water 
distribution systems can cause a number of problems. Biofilms can 
accelerate the corrosion of some types of pipes. They can act as 
potential reservoirs for bacteria5, 6 .Their presences in the water 
distribution system channels, present great challenges, as they 
provide a safe haven for undesired bacteria and can pose a serious 
health threat. Microorganisms have a lower susceptibility to 
disinfectant when present in a biofilm matrix7 whereas planktonic 
populations of most bacteria can be removed by the recommended 
concentrations of disinfectants.  

Enterococci are intrinsically resistant to many of the antibiotics used 
in clinical practice. Moreover,   the resistance to other antibiotics 
that they have acquired, by the consequent appearance of 
multiresistant strains, is turning the treatment of these infections 
very difficult in most of the cases. In the last three decades, 
Enterococci which are resistant to vancomycin have emerged in 
nosocomial infections. 

In view of the possibility for the drinking water to be contaminated 
by Enterococci which are potentially harmful and capable of causing 
nosocomial and community acquired infections, a work was 
conducted with the objective of studying the species distribution of 
Enterococcus in various water sources as well as their resistance to 
antibiotics and disinfectants. 

MATERIALS AND METHODS 

Isolation and identification of Enterococci 

The study was conducted in central Kerala. Sources of water samples 
collected were wells bore wells, bottled water and chlorinated 
hospital drinking water supply. Chlorinated water samples in 100ml 
volumes were collected in sterile capped containers, containing 0.1 
ml of 1.8 %( w/v) solution of sodium thiosulphate. The samples in 1 
ml volumes were inoculated into 5 ml glucose azide broth. After 
incubation at 44°C for 48 hours, it was  subcultured   in   bile   esculin  

 

azide agar and incubated at 37°C. Brown black colonies suggestive of 
enterococci were identified based on morphological, cultural, 
biochemical and physiological properties according to Facklam and 
Collins identification scheme for Enterococci 8. 

Antibiotic susceptibility testing 

Susceptibility to antimicrobial agents of the isolates was determined 
by the standard disc diffusion method according to the NCCLS 
guidelines 9. 

Bactericidal effect of disinfectant on planktonic cells 

The bactericidal effect of disinfectant on the isolates was measured 
by quantitative suspension test 10. Disinfectant solution (Sigma, 
High-Media) at different concentrations in 10 ml volumes were 
made of each disinfectant. Overnight grown nutrient broth culture of 
the bacteria was prepared and 0.1 ml of the broth culture containing 
approximately 108 cfu/ml was added into the disinfectant solution. 
After a contact time of 7 minutes, serial 1:10 dilutions were 
performed in neutralizing medium11.  0.1 ml samples were then 
plated on Trypticase Soy Agar (TSA) and the bacterial growth was 
examined. A bacterial broth culture treated with phosphate buffered 
saline (PBS) instead of a disinfectant was used as the control. 

Effect of disinfectants on Biofilm 

Sterile wells of polystyrene microtitre plates were inoculated with 
the bacterial suspensions prepared as in the above experiment and 
incubated at 37oC for 48 hours so that biofilm was formed inside the 
wells. Biofilm production was detected based on the methods 
described earlier12 (data not shown). Uninoculated well containing 
trypticase soy broth was used as control. The disinfectants at 
different concentrations were added to the wells where the biofilm 
is formed and after 30 minutes, the contents were discarded. 
Viability of the bacteria in the biofilm after disinfectant treatment 
was tested. The wells after disinfectant treatment were washed with 
PBS for 3 times and 100 µl of the fresh PBS was added into each well 
and shaken well for the dispersal of the bacteria.10 µl of the 
suspension was then transferred on to TSA and incubated at 37oC  
for 18 hours and examined for bacterial growth. Chi-square test was 
used to study the significance of the data. 

RESULTS 

Table 1 shows the presence of Enterococci in water samples from 
different sources: 74% of the total water samples tested showed the 
presence of Enterococci. Contamination by Enterococci was more in 
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hospital water samples compared to other sources. None of the 
bottled water samples tested was positive for Enterococci. 

Table 2 shows the species distribution of Enterococci   in different 
water samples. The most prevalent species in all types of water 
samples tested was E.faecium which was followed by E.faecalis. The 
action of various disinfectants on the enterococcal isolates in 
planktonic state and in biofilm is compared in Table 3.  

The resistance to different antibiotics shown by the isolates of 
different Enterococci is shown in Table 4. Many of the isolates were 
resistant to multiple antibiotics. All the isolates tested showed 
resistance to penicillin and clindamycin. 

Table 1: Occurence of Enterococci in different Water Sources. 

Source 
Samples 

tested 
No & percentage* of positive 

samples  

Well Water 100 76 (76) 
Chlorinated Hospital 
 Water Supply 

70 60 (85.71) 

Bore well 70 40 (57.14) 
Bottled Water 30 0 (0) 

*Percentage is given in brackets. 

Table 2: Species Distribution of Enterococci in different water sources 

Species 
No & percentage*  of isolates from different water sources 

Well water Hospital Water Bore well 
E.faeceum 48 (48.00) 38 (38.00) 14 (14.00) 
E.faecalis 23 (41.07) 24 (42.86) 9 (16.07) 
E.galiinarum 8 (57.14) 4 (28.57) 2 (14.29) 
E. avium 4 (40.00) 2 (20.00) 4 (40.00) 
E. raffinosus 2 (20.00) 2 (20.00) 6 (40.00) 
E. durans 2 (20.00) 4 (40.00) 4 (60.00) 

Total no. of isolates 87 
 

74 
 

39 
 

*Percentage given in brackets represents the number of each species from a specific source as a percentage of the total number of that 
species from all sources. 

Table 3: Comparison of Action of Disinfectants on Planktonic and Biofilm Forming Enterococci 
 

† No. of isolates 

DISSCUSSION  

Most of the drinking water samples collected from various sources 
was positive for Enterococci. It was observed that, maximum isolates 
were from hospital water sources, though these samples were 
chlorinated.  Contamination can occur through cross connections, 
backflow or during temporary periods of negative pressure. Many 
studies13, have pointed out that hospital water tanks act as reservoir 
of bacteria. In the present study E. faecium was found to be the 

predominant species followed by E.faecalis. E.gallinarum, E.avium, 
E.durans and E.raffinosus was also isolated. This observation is in 
conformity with the observations in many earlier studies in which, 
E.faecium and E.faecalis were the dominant species. There are 
reports of isolation of E.hirae, E.casseliflavus & E.mundtii also, from 
water samples14. However these species were not isolated in the 
present study. This is indicative of regional difference in species 
distribution of Enterococci in water sources.  

 
Table 4: Antibiotic Resistance of Isolates Of Enterococci. 

Species 
E.faecium 

(100)‡ 
E.faecalis 

(56) ‡ 
E.rafinosus 

(10) ‡ 
E.avium 

(10) ‡ 
E.durans 

(10) ‡ 
E.gallinarum 

(10) ‡ 
P 100          (100) 56         (100) 10              (100) 5           (50) 5              (50) 7                   (50) 
 
C 

100          (100) 56         (100) 10             (100) 
5                           
(50) 

5               (50) 7                     (50) 

A 42              (42) 46        (82.14) 0 0 0 0 
G 42              (42) 36        (64.28) 0 0 0 0 
C 14               (14) 36        (64.28) 0 0 0 0 
E 14                 (14) 36       (64.28) 0 0 0 0 
Ch 20               (20) 8        (14.29) 0 0 0 0 
T 14               (14) 8        (14.29) 10             (100) 5       (50.00) 5         (50.00) 7                  (50.00) 
A 0 8         (14.29) 0 0 0 

 
Te 4                    (4) 0 0 0 0 0 
Ge 0 2          (3.57) 0 0 0 0 
V 0 0 0 0 0 0 

* Percentage is given in brackets; ‡ No of strains tested 
(P–Penicillin, Cd–Clindamycin, A-Ampicillin, G-Gentamycin, Cf-Ciprofloxacin, E-Erythromycin, C-Chloramphenicol, T-Tetracycline, Ac-

Amoxyclav, Te-Teicoplanin, G120-Gentamicin120, Va-Vancomycin) 

In the present study E.faecalis and E.faecium strains showed high 
resistance to the disinfectants, while other species were annihilated 
at lower concentrations of the disinfectants. It can be inferred from 

the observations in this study that sodium hypochlorite and iodine 
are the most effective disinfectant on all enterococcal strains in 
comparison with other disinfectants tested. Efficacy of sodium 

DISINFECTANT 
RANGE OF MBC (mg/ml) SHOWN BY ISOLATES 

E.faecium(20)† E.faecalis(15) E.raffinosus(3),E.avium(3), E.gallinarum (3)& E.durans(3) 
PLANKTONIC BIOFILM PLANKTONIC BIOFILM PLANKTONIC Biofilm 

Cresol 1.25 – 10 20 -30 1.25 – 10 30 1.25 - 2.5 20 
Benzalkonium Chloride 1.25 - 2.5 10 – 50 1.25 -2.5 10 1.25 10 

Glutaraldehyde 1.25 - 5 20 -30 1.25 – 5 20 1.25 20 
Iodine 0.625 - 2.5 10 0.3125 - 2.5 10 0.3125 10 

Sodium Hypochlorite 0.3125 -1.25 10 – 20 0.3125 - 0.625 10 0.3125 10 
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hypochlorite in eradicating Enterococci has already been 
reported15.However it is interesting to note that there are also 
reports on benzalkonium chloride resistant genes in enterococci16.  
Glutaraldehyde has been found to be effective in many other 
studies17. But the intrinsic resistance against glutaraldehyde has also 
been documented among enterococci 18. 

As explained by other authors, this study also support the 
observation that the bacteria sequestrated in biofilms are shielded 
and are often harder to be killed than their free floating counter 
parts 19. Biofilm is a structural community of bacterial cells enclosed 
in a self produced polymeric matrix and adherent to an inert or 
living surface. The mechanism of biofilm resistance may be due to 
the delayed penetration of disinfectants through the biofilm matrix 
or the reaction between the two. It was observed in this study that 
sodium hypochlorite and iodine were found to be effective in 
eradicating the bacteria in the biofilm. However disinfectants 
typically react with dissolved organic and inorganic matter to form 
various types of disinfection byproducts and the quality of water 
may be affected. This study showed benzalkonium chloride and 
glutaraldehyde were less effective against E.faecium in biofilm. 
Benzalkonium chloride and glutaradehyde which are often used in 
hospitals for disinfection purpose were effective against E.faecium 
biofilm only, at higher concentrations than the recommended 
concentrations (4% & 2% respectively). Hence it is suggested that 
these disinfectants should be used in conjunction with vigorous 
manual cleaning to remove the bacteria in the biofilm. 

All the enterococcal strains tested in the present study displayed 
multiple drug resistance patterns. A study conducted in India 20 is in 
supportive of our results. One significant observation based on this 
study was that all the enterococcal species other than E. faecium and 
E.faecalis showed similar resistance pattern to most of the 
antibiotics tested.   

SUMMARY 

The results of the present study indicate that water can be a 
potential source of risk for the consumers, due to the presence of 
bacteria with virulence properties and antibiotic resistance. The 
recontamination of water after disinfection or regrowth of sub 
lethally damaged bacteria harbored in biofilm can deteriorate the 
quality of water. This study highlights that although biocides may be 
effective against planktonic population of bacteria at lower 
concentrations; these concentrations can be ineffective against 
Enterococci in biofilm. Hence biofilms may serve as reservoirs of 
Enterococci, capable of causing hospital acquired infections and 
transferrable antibiotic resistant genes21. This underscores the 
importance of infection control,   prevention, active surveillance and 
the use of appropriate antibiotic. 
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