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In this study, we aimed to determine whether Somatic coliphages (SC) and Enterovirus were good indicators to 

predict pathogens presence in bathing waters and if there was any correlation between them and bacterial 

indicators currently used (Escherichia coli (EC) and fecal Enterococci (FE)). Six beaches, two creeks and a 

wastewater treatment plant in Estoril Coast were sampled for the quantitative detection of these parameters. 

EC and FE were enumerated by Most Probable Number (MPN) (Colilert/Enterolert). SC were quantified according 

to ISO-10705-2:2000 and Enterovirus using BGM cells and double-layer plaque assay. 

EC, FE and SC were detected in all samples analyzed for these parameters whereas Enterovirus were only 

detected in 37% of the samples. 

EC MPN and SC Plaque Forming Unit PFU were highly correlated and the relationship between SC PFU and FE 

MPN paralled that of EC and SC. 

There is no correlation between Enteroviruses and bacterial indicators. However, a significant correlation between 

both viruses was found. 

A seasonal distribuition was observed in autumn with an increase in the number of EC, EF and SC. For those 

Enterovirus detected in wastewaters the seasonal peak occorred during autumn but for those detected in beaches 

the pick was found during summer.  

Microorganisms concentration was higher for samples collected during rainy days due to sand and land lixiviation 

and in the particular case of Carcavelos beach due to contamination with Marianas creek. 

From these preliminary results we can conclude that SC might be an interesting approach for improving water 

quality control regarding to pathogens. 

 

Introduction 

With the decreasing of fresh water availability, coastal waters are used for all purposes, since source for drinking 

water to recreation. However, rapid population and industrial growth around coastal areas has led to the increase 

of human enteric contamination in these waters. It is therefore important to have a strict control when it comes to 

microbiological water quality [15]. 

Untreated wastewaters effluents and uncontrolled spillage are responsible for releasing high numbers of 

pathogens such as enteric viruses [15]. The effective removal of these microorganisms can be achieved with 

wastewater treatment plants equipped with secondary and tertiary treatments as chlorination, exposure to 

ultraviolet (UV) light or ozone treatment. As these treatments carry high costs, some of these facilities only 

partially treat wastewater (i.e., removal of undissolved solids) and it is estimated that 90% of all wastewater 

generated is being released into marine waters untreated [15]. 
For improving bathing waters microbiological quality, regulations have been created. Escherichia coli (EC) and 

fecal Enterococci (FE) are currently used as indicators to assess water quality [42]. However, several studies 

showed that these microorganisms alone might be inadequate predictors for the presence of pathogens and 

which is the particular case of enteric viruses [11, 12,17, 19, 23, 27, 28], responsible for a great number of human 

diseases and who’s presence isn’t always associated with the presence of EC and FE. 

To be considered a good microbial indicator, a microorganism must have resistance to natural and treatment 

inactivation in a similar or greater way than most of the pathogens. Studies performed in early 1980’s 

demonstrated that enteric viruses survived longer than bacteria in water and sewage being therefore released in 

sea and other receiving waters without any control [46]. 
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Enterovirus and SC have been proposed, in several reports, as new bioindicators for monitorization of bathing 

waters microbiological quality [1, 19, 26, 30, 32, 44]. 

Enterovirus, belonging to enteric viruses family, are responsible for such diseases as poliomyelitis, aseptic 

meningitis, gastroenteritis, myocarditis, Guillain-Barré syndrome, encephalitis, upper respiratory disease, hand-

foot-and-mouth disease among other infirmities [15, 26, 29] and they can be recreational waterborne [10]. 
Currently Enterovirus, among all enteric viruses, are the most easily detected and cultivated using feasible 

methods [26]. 

SC, viruses infecting EC, are a very heterogeneous group which comprises Myoviridae, Siphoviridae, Podoviridae 

and Microviridae families [20]. All these bacteriophages are detected by standardized methods in sewage, 

seawaters and freshwaters. SC are an interesting approach since the method used for their detection is fast, easy 

and cheap. 

The aim of the present work was to evaluate the possible presence of pathogens, in Estoril Coast, using bacterial 

indicators evaluating also the possibility of Enterovirus and SC to be used as viral indicators in these waters. 

 

Materials and Methods 
Samples, sampling and sampling sites 

Twenty-litres were taken from 6 different beaches along Estoril Coast from 5 August to 6 June. Additionally, a one-litre 

wastewater sample was collected at the wastewater treatment plant localized in this region and at the same sampling days. On 

the 22 November water samples were collected from two points along Rio Tejo and several samples were collected from two 

creeks belonging to this coastal area. Sampling was always done during the morning with low tide and approximately at the 

same place. Samples were taken for evaluating the effects of precipitation in microorganisms concentration. 

 

Bacterial determinations 

Bacterial indicators were counted by the Most Probable Number using Colilert and Enterolert (Idexx Laboratories, USA) 

according to the manufactures instructions. Briefly, the substrate for bacterial indicators growth was added to 100 mL water 

sample (direct or diluted). The mixture was poured into an incubation tray (Quanty-Tray) and placed in an incubator at 37 ºC for 

24 hours.  On Colilert, yellow wells indicated Coliform bacteria, and wells that were yellow and fluorescent when exposed to UV 

light indicated EC. In Enterolert, wells that were fluorescent when exposed to UV light were positive for FE. The number of 

positive wells was counted and referred to the MPN table to obtain a Most Probable Number. 

 

SC concentration and detection 

SC were detected and counted by the double-layer technique according to standard of the International Organisation of 

Standardisation (ISO 10705-2:2000(E)-Part 2 [21]). EC culture, grown on MSB media (10g peptone, 3g yeast extract, 12g meat 

extract, 3g NaCl, 5mL Na2CO3 (150g/L), 0,3mL MgCl2.6H2O in 1L of distilled water) was used for SC quantification.  

In a tube, 1 mL of EC culture, grown previously, and 1 mL of water sample (direct, concentrated or diluted) were added to 

liquefied MSAss media (as described for MSB media supplemented with 10g agar) complemented with 600 µL CaCl2 (1M). The 

mixture was vortexed and it was overlaid on complete MSA media (as described for MSB supplemented with 20g agar) in a 

Petri dish. MSAss media was allowed to set and the Petri dishes were incubated at (36 ± 2) ºC for (18 ± 2) h. After incubation 

period, PFU were visualised by exposing Petri dish into oblique light.  

If needed, 500 mL water samples, were concentrated by adsorption to 0,22 µm-pore-size cellulose ester membrane filters 

(GSWP04700 filters, 47 mm Ø, Millipore®, USA), followed by elution with a solution of 1% of beef extract, 0,05 M NaCl, 3% 

Tween 80 and ultrasonication. The entire eluted volume was analysed as previously described for the high-count bacteriophage 

samples.  

 

Enterovirus concentration and detection 

Enterovirus were concentrated by adsorption and elution on electropositive filter cartridge (Zeta Plus MK, CUNO, USA). Briefly, 

samples were pressure-concentrated and eluted with glycine-NaOH buffer pH 9,5. After elution, 3% beef extract was added to 

viral suspension and pH was amended at 3,5-4. The solution was stirred for 30 min and centrifuged at 5500 rpm, 45 min. The 

pellet was ressuspended in PBS 1X buffer and pH was amended at pH 7,0 with NaOH (1 M). Finally, viral suspension was 
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decontaminated through a 0,22 µm-pore-size filter (Sterivex GP, Millipore ®, USA) and stored at -80 ºC. Wastewater samples 

were decontaminated through a 0,22 µm-pore-size filter (Sterivex GP) and directly inoculated. 

Enterovirus were analysed by double-layer plaque assay using Buffalo Green Monkey (BGM) cells as follows. Cells were grown 

in a 90-mm-diameter tissue culture dish (Falcon, USA) for 4 days. Culture media was discarded  and 2 mL of the eluted 

solution, 260 µL BGM cells suspension in minimal essential medium (MEM) supplemented with extra antibiotics, 2 mL of MEM 

2X also supplemented with extra antibiotics and 2 mL of agar 2% were mixed in a tube and poured into the tissue culture dish. 

The agar was allowed to set and tissue culture dishes were incubated at 37 ºC with 5% CO2 for 4 days. Agar was removed, 

dishes were stained with 0,1% crystal violet-formaldehyde solution and the number of plaques were counted. 
 

Results 

Bacterial indicators, SC and Enterovirus presence in water 

Samples were collected from August 2006 to June 2007 in several beaches, two creeks and a wastewater 

treatment plant along Estoril Coast. Table 1 resumes the percentage of positive samples for each microorganism 

in waters with different levels of fecal contamination with EC. This data shows that SC and FE were detected in all 

samples even when they presented low levels of EC. This could indicate the existence of permanent sources of 

contamination in this particular area. Enterovirus were detected in low percentages although some samples 

exhibit high levels of fecal contamination. 

 
Table 1) Percentage of positive samples for FE, SC and Enterovirus in water samples presenting different levels of fecal 

contamination 

EC concentrationa nb % positive samples 
FEc SCc Enterovirusd 

< 100 10 (9) 100 100 22,2 
100-1000 18 (7) 100 100 28,6 

> 1000 38 (25) 100 100 44,0 
a MPN per 100 mL sample 
b Number of samples tested. Number of samples tested for Enterovirus is shown in parenthesis 
c Positive samples per 100 mL 
d Positive samples in 1 L  

Thirty seven percent of all samples were positive for Enterovirus with 8 belonging to wastewater, 2 belonging to 

Tejo river, 3 belonging to freshwaters and 4 belonging to bathing waters (Cascais, Carcavelos and Algés). We 

should refer that two of the samples testing positive for Enterovirus complied with current regulations regarding 

bacterial levels. 

Higher percentages were found for samples with > 1000 MPN EC per 100 mL followed by samples having 

between 100 and 1000 MPN EC and finally samples with < 100 MPN EC per 100 mL. As samples testing positive 

for Enterovirus increased with the level of fecal contamination this result suggests that there might be a 

correlation between these indicators. Table 2 shows mean concentrations of EC, FE, SC and Enterovirus found in 

different types of water.    

 
Table 2) Mean concentrations of all microorganisms in different kind of waters 

Mean 
Concentration MPN EC/100 mL MPN FE/100 mL PFU SC/100 mL PFU Enterovirus/L 

Sea and fresh 
waters 1,87x105 1,39x104 2,45x104 2,01x102 

Wastewaters 1,93x107 1,76x106 2,78x106 3,37x103 
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EC was detected in higher concentrations followed by SC and FE. In all samples, Enterovirus was the 

microorganism detected in lowest levels. In Algés, on the 5 August, Enterovirus concentration exceeded even EC 

concentration. 

 

Correlation of microorganisms in water samples 

Figure 1 shows correlation between log values of microorganisms, i.e., EC, FE, SC and Enterovirus. Correlations 

obtained between EC and FE and between EC and SC were high with the one between both bacterial indicators 

being higher, as expected (Figure 1 A and B). The same trend was observed for correlation between FE and SC 

(R2=0,860, data not shown). 

Correlation between Enterovirus and all other microorganisms was very low. Highest correlation was detected for 

Enterovirus and SC and correlations between Enterovirus and EC wasn’t as significant as that between both 

viruses (Figure 1 C and D). Correlation between Enterovirus and FE was higher than that with EC but still slightly 

inferior to Enterovirus and SC correlation (R2=0,397, data not shown). 

 

 
Figure 1) Correlations obtained, in all samples analyzed, between EC and FE (A), EC and SC (B), Enterovirus and EC (C) and 

Enterovirus and SC (D). First (-) and second (--) regression lines were represented only for Enterovirus. 

Second order regression lines and correlations between Enterovirus and all the other microorganisms were low 

although they were higher than correlations obtained from first regression (Figure 1 C and D). Second order 

correlations followed the same trend as first order, being more significant for both viruses, followed by that 

between FE and Enterovirus and finally between EC and Enterovirus (Figure 1 C and D. R2=0,397 for FE and 

Enterovirus, data not shown). 

Microorganisms Seasonal Variation 

Variation in concentration of different microorganisms is showed in Figure 2. Results from all beaches analyzed 

showed that microorganisms concentrations arose during fall. Seasonal peak was observed during this season for 

three different beaches (Cascais, Santo Amaro de Oeiras and Caxias). Both Carcavelos and Algés also exhibited 

higher concentrations during fall. 31 January sampling was considered as an outlier as the variation registered 
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was a result of precipitation occurring the days before these samples were taken. Higher counts registered during 

fall are a result of several environmental conditions such as temperature, UV light and precipitation.  

 

Figure 2) Seasonal variation in EC (A) and SC (B) concentrations in water samples collected from beaches along Estoril Coast. 

As reported previously, precipitation has a great influence in the concentration of microorganisms. To test and 

prove this fact, three different samples were collected after and during rainy days in Carcavelos beach e Marianas 

creek (rain occorred on 20 and 21 September and on the 16 October). Results obtained for 21 and 22 September 

are shown on Figure 3. 

 
Figure 3) Variations before, during and after raining at 20 and 21 September in EC, FE and SC (A) and Enterovirus (B) 

concentrations in Carcavelos and in bacterial indicators and SC (C) and Enterovirus (D) in Marianas Creek. 

Comparing the sampling results from Carcavelos beach before, during and after the rainy days, it can concluded 

that microorganism concentrations greatly increased after raining, decreasing a few days after this phenomenon 

(Figure 3 A). As a result of precipitation Enterovirus were also detected at Carcavelos on 22 September (Figure 3 

B). This huge increase in concentrations is due to two related conditions: sand and land lixiviation and cross-

contamination with Marianas creek waters. However, in Marianas creek almost no change was registered in 

microorganism concentrations and no Enterovirus were detected (Figure 3 C and D). Such results might mean 

that in this case another factor, other than land lixiviation, was involved. Microorganisms concentration in 
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Marianas creek are always high as a result of contamination with waters from urban sewage (27 September, 

Figure 3 C). When it rains, illegal sewage waters are diluted and so are microorganisms which led to the little 

change observed in Marianas creek during rainy days. Another sampling was done, on the 17 October, regarding 

to rain and its effects. Results were, as expected, similar to those observed on the 21 and 22 September but at a 

less extend because precipitation levels were lower. As raining wasn’t so hard on 16 September we were able to 

detected Enterovirus in this particular day (17 September) on Marianas creek. 

 

Microorganisms in raw sewage 

Water samples were collected at a wastewater treatment plant before the primary treatment. Results from 

Enterovirus detection during sampling period are shown in Figure 4. 

 
Figure 4) Enterovirus seasonal variation in raw sewage during analysis period 

Wastewater results are in agreement with those observed for seasonal variation of microrganisms concentration 

on beaches, with higher values obtained during fall, with a high peak almost at the end of this season. 

Correlations between microorganisms (i.e. EC, FE and SC) and Enterovirus followed the same trend as observed 

before with best correlation occurring between both viruses (Figure 5 B). 

 
Figure 5) First (-) and second (--) order regression lines and correlations between Enterovirus and EC (A) and SC (B) in 

samples  taken in the wastewater treatment plant. 

This time, however, correlations were even lower than that obtained when analysing all samples (Figure 1 C and 

D) and correlation between Enterovirus and EC (Figure 5 A) was higher than that with FE (R2=6,0 x10-5, data not 

shown). Second order correlations between Enterovirus and the other microrganisms were higher (Figure 5 for 

EC and SC and R2=0,204 for FE correlation, data not shown). A great increase was registered for second order 

correlation between Enterovirus and SC, thus reflecting high levels in which Enterovirus were found during fall. 

 

Microorganisms concentration in beaches of interest 

  6



Detection of Enterovirus during summer in Cascais and Carcavelos (29 August) and also in Algés (5 August) 

made these three beaches more interesting than the others. Correlations between bacterial indicators were high 

for all beaches (R2=0,854, R2=0,871 and R2=0,793 for Cascais, Carcavelos and Algés, respectively. Data not 

shown) and correlations between SC and bacterial indicators were also very significant (R2=0,698 and R2=0,685 

for EC and FE in Cascais and R2=0,745 and R2=0,583 for EC and FE in Algés. Data not shown). However, 

Carcavelos showed a different trend when it comes to correlation between SC and EC (or FE) as it is 

demonstrated in Figure 6. 

 
Figure 6) First (-) and second (--) order regression lines and correlations between SC and EC (A) and FE (B) in water samples 

collected in Carcavelos. 

Second order correlations show a clear change in slope for low values of EC, indicating a relative increase in SC 

numbers (Figure 6 A). 

 
Figure 7) Ratio between EC and SC in water samples from Carcavelos exhibiting less than 150 MPN EC per 100 mL. 

A similar trend was detected between SC and FE (Figure 6 B). Ratios between EC and SC (Figure 7) show that in 

67% of samples with low levels of fecal contamination with EC (<150 MPN EC per 100 mL), SC clearly 

outnumbered EC concentrations. 

 

Microorganisms variation from seawater to rivers waters 

Figure 8 shows the differences between seawater and river Tejo waters when it comes to microbial pollution. On 

the 22 November, Cascais was once again the most polluted beach exhibiting high levels of EC, FE and SC and 

Carcavelos was the less polluted beach (Figure 8 A).  

All the other beaches had similar levels of microorganisms and no Enterovirus were detected. Microorganisms 

levels increased when entering in river Tejo as it can be seen for Algés and Alcântara (Figure 8 A). Even though 

Parque das Nações showed levels of microbial contamination inferior to those detected for Algés and Alcântara 

(Figure 8 A), Enterovirus were detected in this particular point as well as in Alcântara (Figure 8 B). From this 

single sampling day it can be concluded that river waters are highly polluted and of great concern is the present 

Enterovirus which may be resultant from urban sewage discharges. 
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Figure 8) Variation in fecal pollution and in microrganisms concentration EC, FE and SC (A) and Enterovirus (B) from seawater 

to river Tejo waters on the 22 November 2006. 

Discussion 

Almost all samples showed the same tendency, with EC being the most abundant microorganism followed by SC 

and FE. Enterovirus appeared in lowest concentrations. EC, SC and FE were detected in all samples analyzed 

while the percentage of positive samples for Enterovirus was 37%. From the four positive samples for 

Enterovirus, two (Carcavelos beach and Laje creek) complied with current regulation for bathing water 

microbiological quality [42]. These results are in accordance with previous studies [8, 26, 33, 37]. Correlations 

between SC and bacterial indicators (EC and FE) were highly significant (R2=0,857 and R2=0,860 for correlation 

with EC and FE, respectively). However these correlations were lower than that between EC and FE (R2=0,920), 

as expected. This result may indicate that SC can provide different information regarding to survival times and 

inactivation sensitivity. These two factors are extremely relevant to predict pathogens numbers in water samples. 

Results analyzed so far showed that correlation between Enterovirus and EC (or FE) was poor (R2=0,283 for EC 

and R2=0,342 for FE). Correlation between both viruses was more significant (R2=0,402). Similar results were 

observed for wastewater. However, in this case, first order correlation between all microorganisms and 

Enterovirus were even lower (R2=0,102, R2=6,0x10-5 and R2=0,160 for correlation between Enterovirus and EC, 

FE and SC, respectively).  

A seasonal distribution pattern was observed with microorganisms concentration increasing during autumn. 

Enterovirus levels in wastewaters were also higher during autumn while in bathing waters this parameter was 

detected only during summer. This last result is due to external contamination (human fecal contamination). The 

increase in microorganisms concentrations during autumn was the result of several environmental conditions: 

temperatures, UV levels and precipitation [25, 32]. High or low levels of temperature and high UV levels are 

responsible for a faster inactivation rate. Moderate temperatures and lower UV levels observed in autumn led to 

the increase in EC, FE, SC and Enterovirus (in wastewaters) concentrations. Precipitation also plays an important 

role in microorganisms concentration [2, 5, 13, 24, 37]. When raining there’s a phenomenon called lixiviation, i.e., 

dragging of bacterial contamination from sand and land near water sources that can contaminate them. Results 

from this study have demonstrated that during rainy days microorganisms numbers increased even when it 

comes to Enterovirus (33% positive samples). In Carcavelos, Enterovirus presence was the result of cross-

contamination with Marianas creek waters which are contaminated due to urban sewage and that run off to the 

shore contaminating the beach. Marianas creek values were similar for rainy days and all the samples collected 

as a result of urban sewage dilution and that are discharged in this creek.  

Cascais, Carcavelos and Algés waters showed significant correlation between EC and FE and between these two 

and SC. However in almost all samples exhibiting low levels of EC (<150 MPN EC per 100 mL) collected in 
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Carcavelos, SC clearly outnumbered EC. Previous studies have reported similar results [7, 40]. Such changes in 

waters presenting low levels of EC may result from faecal bacteria low resistance to environmental stress. SC are 

highly resistance to inactivation by treatments performed in wastewater treatment plants, and most important of all 

to inactivation by natural factors [18, 36]. Several studies have already shown that these bacteriophages are 

more resistant that bacterial indicators and as pathogens exhibit surviving rates higher than EC, their presence 

can be underestimated using only bacterial indicators [25, 26, 34]. Although there could be other possible 

explanations such as phage replication and fecal contamination other than urban sewage, the fact that the 

inversion was only observed for low levels of EC instead for high levels which would have better densities for 

phages replication and would be in accordance with animal faeces and slurries sewage contamination minimize 

the importance of these two factors [6, 14, 16, 35, 41, 43]. 

As it was expected, Tejo river was more polluted than most of bathing waters analyzed on the 22 November and 

Enterovirus were detected in two samples collected along the river (Alcântara and Parque das Nações) and no 

Enterovirus were detected in any bathing water collected in the same day. This might result from discharges of 

urban sewage in Tejo river and that are hardly controlled. This pollution is of great concern since some people 

fish and catch molluscs in this river while other uses them for agriculture [4, 9, 22, 31, 38, 39, 45]. 

Detection of Enterovirus in waters complying with all bacterial parameters routinely used reinforces the need for 

new bioindicators. SC have demonstrated to be an interesting approach for water quality monitoring because: 

• there’s a very significant correlation between them and bacterial indicators; 

• correlation between SC was higher than that between Enterovirus and bacterial indicators. A previous study 

has already reported similar results [3]; 

• high resistance to inactivation by treatments in wastewater treatment plants and to natural inactivation. SC 

resistance is higher than bacterial resistance and it is as high as the one registered for enteric viruses [25, 
26, 34]; 

• SC are easily detected by feasible, cheap and efficient methods. 

From these preliminary results one can conclude that using SC along with routine bacterial indicators (EC and 

FE) for achieving of water microbiology quality may be an important and interesting approach. However, these 

conclusions need to be supported with more samplings and water analyses. 
 
References 
[1] Abbaszadegan, M., Huber, M.S., Gerba, C., Pepper, I.L., 1993. Detection of Enterovirus in groundwater with the 

polymerase chain reaction. Appl. Environ. Microbiol. 59, 1318-1324. 

[2] Ackerman, D., Weisberg, S.B., 2003. Relationship between rainfall and beach bacterial concentrations on Santa Monica 

Bay Beaches. J. Water Health 1, 85-89. 

[3] Baggi, F., Demarta, A., Peduzzi, R., 2001. Persistence of viral pathogens and bacteriophages during sewage treatment: 

lack of correlation with indicator bacteria. Res. Microbiol. 152, 743-751. 

[4] Beuret, C., Baumgartner, A., Schluep, J., 2003. Virus-contaminated oysters: a three-month monitoring of oysters 

imported to Switzerland. Appl. Environ. Microbiol. 69, 2292-2297. 
[5] Boehm, A.B., Grant, S.B., Kim, J.H., Mowbray, S.L., McGee, C.D., Clark, C.D., 2002. Decadal and shorter period 

variability of surf zone water quality at Huntington Beach, California. Environ. Sci. Technol. 36, 2885-3892. 

[6] Calci, K.R., Burkhardt III, W., Watkins, W.D., Rippey, S.R., 1998. Occurrence of male-specific bacteriophage in feral and 

domestic animal wastes, human feces, and human-associated wastewaters. Appl. Environ. Microbiol. 64, 5027-5029. 

[7] Contreras-Coll, N., Lucena, F., Mooijman, K., Havelaar, A., Pierz, V., Boque, M., Gawler, A., Höller, C., Lambiri, M., 

Mirolo, G., Moreno, B., Niemi, M., Sommer, R., Valentin, B., Wiedenmann, A., Young, V., Jofre, J., 2002. Occurrence 

and levels of indicator bacteriophages in bathing waters throughout Europe. Water Res. 36, 4963-4974. 

[8] Denis-Mize, K., Fout, G.S., Dahling, D.R., Francy, D.S., 2004. Detection of human enteric viruses in stream water with 

RT-PCR and cell culture. J. Water Health 2, 37-47. 

  9



[9] Formiga-Cruz, M., Tofiño-Quesada, G., Bofill-Mas, S., Lees, D.N., Henshilwood, K., Allard, A.K., Conden-Hansson, A.-

C., Hernroth, B.E., Vantarakis, A., Tsibouxi, A., Papapetropoulou, M., Furones, M.D., Girones, R., 2002. Distribution of 

human virus contamination in shellfish from different growing areas in Greece, Spain, Sweden, and the United Kingdom. 

Appl. Environ. Microbiol. 68, 5990-5998. 

[10] Fuhrman, J.A., Liang, X., Noble, R.T., 2005. Rapid detection of Enteroviruses in small volumes of natural waters by real-

time quantitative reverse transcriptase PCR. Appl. Environ. Microbiol. 71, 4523-4530. 

[11] Gantzer, C., Maul, A., Audic, J.M., Schwartzbrod, L., 1998. Detection of infectious enterovirus, enterovirus genome, 

somatic coliphages, and Bacteroides fragilis phages in treated wastewater. Appl. Environ. Microbiol. 64, 4307-4312. 

[12] Gerba, C.P., Goyal, S.M., LaBelle, R.L., Cech, I., Bodgan, G.F., 1979. Failure of indicator bacteria to reflect the 

occurrence of enterovirus in marine waters. Am. J. Public Health 69, 1116-1119. 

[13] Gershy-Damet, G.M., Lanusse, A., Dosso, M., 1987. Surveillance of Enterovirus in the wastewater of Ivory Coast. Bull. 

Soc. Pathol. Exot. Filiales 80, 180-186. 

[14] Grabow, W.O.K., Neubrech, T.E., Holtzhausen, C.S., Jofre, J., 1995. Bacteroides fragilis and Esxherichia coli 

bacteriophages: excretion by humans and animals. Water Sci. Technol. 31, 223-230.  

[15] Griffin, D.W., Donaldson, K.A., Paul, J.H., Rose, J.B., 2003. Pathogenic human viruses in Coastal Waters. Clin. 

Microbiol. Rev. 16, 129-143. 

[16] Havelaar, A.H., Furuse, K., Hogeboom, W.M., 1986. Bacteriophages and indicator bacteria in human and animal faeces. 

J. Appl. Bacteriol. 60, 255-262. 

[17] Havelaar, A.H., van Olphen, M., Drost, Y.C., 1993. F-specific RNA bacteriophages are adequate model organisms for 

enteric viruses in fresh water. Appl. Environ. Microbiol. 1993, 2956-2962. 

[18] Hill, V.R., Sobsey, M.D., 1998. Microbial indicator reductions in alternative treatment systems for swine wastewater. 

Water Sci. Technol. 38, 119-122. 

[19] Hot, D., Legeay, O., Jacques, J., Gantzer, C., Caudrelier, Y., Guyard, K., Lange, M., Andreoletti, L., 2003. Detection of 

somatic phages, infectious enterovirus and enterovirus genomes as indicators of human enteric viral pollution in surface 

in surface water. Water Res. 37, 4703-4710. 

[20] ICTVdb, The Universal Virus Database of the International Committee on Taxonomy of Viruses. Consulted in 

www.ncbi.nlm.nih.gov/ICTVdb. 

[21] ISO 10705-2, 2000: “Water quality – Detection and enumeration of bacteriophages – Part 2: enumeration of somatic 

coliphages”. International Standard, 1st Edition. 

[22] Janssen, W.A., 1970. Fish as potential vectors of human bacterial diseases of fishes and shellfishes. Am. Fish Soc. 

Spec. Publ. 5, 284-290. 

[23] Jiang, S., Noble, R., Chu, W., 2001. Human adenoviruses and coliphages in urban runoff-impacted coastal waters of 

Southern California. Appl. Environ. Microbiol. 67, 179-184. 

[24] Jiang, S.C., Chu, W., 2004. PCR detection of pathogenic viruses in southern California urban rivers. J. Appl. Microbiol. 

97, 17-28. 

[25] Jofre, J., Durán, A.E., Muniesa, M., Méndez, X., Valero, F., Lucena, F., 2002. Removal and inactivation of indicator 

bacteriophages in freshwaters. J. Appl. Microbiol. 92, 338-347. 

[26] Jofre, J., Mocé-Llivina, L., Lucena, F., 2005. Enterovirus and bacteriophages in bathing waters. Appl. Environ. Microbiol. 

71, 6838-6844. 

[27] Jothikumar, N., Cromeans, T.L., Sobsey M.D., Robertson, B.H., 2005. Development and evaluation of a broadly reactive 

TaqMan assay for rapid detection of hepatitis A virus. Appl. Environ. Microbiol. 71, 3359-3363. 

[28] Keswick, B.H:, Gerba, C.P., DuPont, H.L., Rose, J.B., 1984. Detection of enteric viruses in treated drinking water. Appl. 

Environ. Microbiol. 47, 1290-1294. 

[29] Kim, S.H., Kim H.J., Shin, Y.O., 2006. Detection of enteroviruses and mammalian reoviruses in korean environmental 

waters. Microbiol. Immunol. 50, 781-786. 

[30] Kopecka, H., Dubrou, S., Prevot, J., Marechal, J., Lopez-Pila, J.M., 1993. Detection of naturally occuring enteroviruses 

in waters by reverse transcription-polymerase chain reaction and hybridization. Appl. Environ. Microbiol. 59, 1213-1219. 

[31] Lawton, R.L., Morse, E.V., 1980. Salmonella survival in freshwater and experimental infection in goldfish (Crassus 

auratus). J. Environ. Sci. Health Part A Environ. Sci. Eng. 4, 339-358. 

[32] Leclerc, H., Edberg, S., Pierzo, V., Delattre, J.M., 2000. Bacteriophages as indicators of enteric viruses and public health 

risk in groundwaters. J. Appl. Environ. Microbiol. 88, 5-21. 

  10



  11

[33] Lipp, E.K., Wetz, J.J., Griffin, D.W., Lukasik, J., Wait, D., Sobsey, M.D., Scott, T.M., Rose, J.B., 2004. Presence, 

infectivity, and stability of enteric viruses in seawater: relationship to marine water quality in the Florida keys. Marine 

Poll. Bull. 48, 698-704. 

[34] Lucena, F., Durán, A.E., Muniesa, M., Mocé-Llivina, L., Campos, C., Jofre, J., 2003. Usefulness of different groups of 

bacteriophages as model micro-organisms for evaluating chlorination. J. Appl. Microbiol. 95, 29-37. 

[35] Muniesa, M., Lucena, F., Jofre, J., 1999. Comparative survival of free Shiga toxin 2 – encoding phages and Escherichia 

coli strains outside the gut. Appl. Environ. Microbiol. 65, 5615-5618. 

[36] Muniesa, M., Jofre, J., Lucena, F., 1999. Occurrence and numbers of bacteriophages and bacterial indicators in faeces 

of yellow-legged seagull (Larus cachinnans). Lett. Appl. Microbiol. 29, 421-423.  

[37] Muscillo, M., Carducci, A., La Rosa, G., Cantiani, L., Marianelli, C., 1997. Enteric virus detection in Adriatic seawater by 

cell culture, polymerase chain reaction and polyacrylamide gel electrophoresis. Water Res. 31, 1980-1984. 

[38] Myrmel, M., Berg, E.M., Rimstad, E., Grinde, B., 2004. Detection of enteric viruses in shellfish from the Norwegian coast. 

Appl. Environ. Microbiol. 70, 2678-2684. 

[39] Nishida, T., Kimura, H., Saitoh, M., Shinohara, M., Kato, M., Fukuda, S., Munemura, T., Mikami, T., Kawamoto, A., 

Akiyama, M., Kato, Y., Nishi, K., Kozawa, K., Nishio, O., 2003. Detection, quantification, and phylogenetic analysis of 

noroviruses in Japanese oysters. Appl. Environ. Microbiol. 69, 5782-5786. 

[40] O’Keefe, B., Green, J., 1989. Coliphages as indicators of faecal pollution at three recreational beaches on the firth of 

forth. Water Res. 23, 1027-1030. 

[41] Osawa, S., Furuse, K., Watanabe, I., 1981. Distribution of ribonucleic acid coliphages in animals. Appl. Environ. 

Microbiol. 41, 164-168. 

[42] Parlamento Europeu, Conselho da União Europeia, 2006. Directiva 2006/7/CE do Parlamento Europeu e do Conselho 

de 15 de Fevereiro de 2006 relativa à gestão da qualidade das águas balneares. Jornal Oficial da União Europeia, 37-

51. 

[43] Ricca, D.M., Cooney, J.J., 1998. Coliphages and indicator bacteria in birds around Boston Harbor. J. ind. Microbiol. 

Biotechnol. 21, 28-30. 

[44] Schwartzbrod, L., Gantzer, C., Maul, A., Audic, JM., 1998. Detection of infectious Enterovirus, Enterovirus genome, 

Somatic Coliphages, and Bacteroides fragilis phages in treated wastewater. Appl. Environ. Microbiol. 1998, 4307-4312. 

[45] Shieh, Y.S.C., Baric, R.S., Woods, J.W., Calci, K.R., 2003. Molecular surveillance of enterovirus and Norwalk-like virus 

in oysters relocated to municipal-sewage-impacted gulf estuary. Appl. Environ. Microbiol. 69, 7130-7136. 

[46] Wyn-Jones, A.P., Pallin, R., Place, B.M., Lightfoot, N.F., 1997. The detection of Enteroviruses in large volume 

concentrates of recreational waters by the Polymerase Chain Reaction. J. Virol. Methods 67, 57-67. 

 


