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Abstract Human enteric viruses are a major causative

agent of emerging waterborne diseases and constitute a

serious public health concern. Environmental contamina-

tion occurs through discharge of waste materials from

infected persons. Methods for viral detection should be

developed to detect low infective dose of enteric viruses in

environment. In this study, we aimed at comparing two

concentration methods for the detection of naturally

occurring enteroviruses in raw and treated sewage. In the

first method, polyethylene glycol is used to concentrate

viral particles from the collected samples. The second

method is based on ultracentrifugation of viral particles at

high speed (110,0009g). Genomes of enteroviruses were

quantified by the quantitative real-time PCR method in

raw and treated sewage samples. PEG-based method

yielded higher genomic copies of enteric viruses (with an

average of 5.9 log10 genomic copies/100 mL) when

applied to raw sewage samples. While the ultracentrifu-

gation assay in the second method decreases genomic

copies number (with an average of 5.4 log10 genomic

copies/100 mL). The recovery differences between the

two methods were not significant when applied to clean

samples (treated sewage). This could be explained by the

presence of inhibitors, which interfere with qRT-PCR, in

less quantity comparatively to raw sewage. PEG-based

method would be more accurate for samples with high-

organic matter load. This report emphasizes the impor-

tance of matrices nature on the recovery of enteroviruses

from sewage samples. This should be taken into consid-

eration for establishing standardized virological assays to

ensure the virological quality control of discharged water

in environment.

Introduction

The role of water in infectious diseases transmission is

well defined; it may act as a reservoir of different types of

pathogens, mostly of fecal origin [1–3]. In fact, enteric

viruses can survive and persist for a long time in water

and sludge, maintaining infectivity in many instances [4].

Enteric viruses are shed in extremely high numbers in the

feces of infected individuals, typically between 105 and

1011 virus particles per gram of stool [5, 6]. They have

been detected frequently in various types of environ-

mental water samples impacted by fecal contamination,

such river, groundwater, seawater, and even in drinking

water [7–9]. Raw and treated sewage matrices represent

an important source of viruses that show a high stability

in environmental conditions [10]. To identify contami-

nated waters, fecal indicator bacteria such as Escherichia

coli (E. coli) are typically monitored. However, the

removal of coliform bacteria does not reflect adequately

the removal of pathogenic viruses achieved in a disin-

fection procedure particularly when indicator bacteria

concentrations are low. In fact, some studies have found

no relationship between fecal indicator bacteria
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occurrence and the presence of enteric viruses or with

gastrointestinal illness. This suggests the need to include

virus detection in the evaluation of the microbiological

quality of waters reused in agriculture.

Detection of viruses in sewage and drinking water

should be sensitive, resistant for false-positive results, and

enable full automation. Moreover, applied methods should

be fast and inexpensive. Nowadays, techniques based on

plaque-forming tests are not popular in monitoring of

water environment [11]. The high analysis cost, time

consumption, and the difficulties associated with permis-

sive systems to some types of non-cultivable enteric

viruses in vitro constitute the disadvantages of cell cul-

ture-based methods [12]. Molecular detection techniques,

like quantitative reverse transcription polymerase reaction

(qRT-PCR), can overcome these disadvantages with their

high sensitivity and detection time [13]. An effective

concentration of samples is necessary to evaluate viro-

logical quality of wastewaters, since matrices are highly

contaminated with inhibitory substances that will interfere

with viral detection [11]. Numerous methods have been

described for concentrating and extracting enteric viruses

from sewage [14–16]. All of them studied on spiked viral

particles in decontaminated samples. Typical environ-

mental sample concentrate ion procedures developed to

purify virions are not always compatible with qRT-PCR.

Despite the great sensitivity of qRT-PCR to detect

enteroviruses in sewage or sludge samples extracted with

adequate viral concentration technique, it still has serious

limitations for routinely viral detection dealing with high

numbers of processed samples. These difficulties lead to

the concept of indicator microorganisms. Phages share

many properties with human enteric viruses, notably

composition, morphology, and structure, which imply that

they may reflect the behavior and resistance to treatment

process of viruses [17, 18]. The investigation of their fate,

by using simple techniques, and their removal by the

activated sludge process gives an overview of their use-

fulness as viral indicators presence and resistance to

biological process.

In order to define a concentration method with high

level of cost-efficiency and applicability, two viral con-

centration methods from raw and treated sewage were

assayed, in this study, on naturally occurring enter-

oviruses. We aimed at investigating the effect of ultra-

centrifugation-based method described and applied in

several studies and PEG-based method described by

Lewis and Metcalf (1988) [19] as viral concentration

methods for the recovery of Enteroviruses from raw and

treated sewage. As model viruses, somatic coliphages and

F-specific RNA phages were enumerated directly from

raw and treated sewage using the double-layer agar

technique.

Methods

Raw and Treated Sewage Samples

Twelve raw and treated sewage samples were collected

from an urban medium charge (wastewater treatment plant)

WWTP in North Tunisia. Treatment is based on activated

sludge process; its influents are mainly domestic sewage.

Treated sewage is drained off from the plant to a river

which irrigates nearby lands. Viral extraction was per-

formed within 48 h of sample collection.

Viral Concentration Methods

Viruses were extracted from samples using the two meth-

ods. Each extraction experiment was done in triplicate.

Ultracentrifugation-Based Method

42 mL of sewage samples were concentrated as described by

Puig et al. (1994) [20]. Briefly, samples were centrifuged at high

speed (110,0009g for 1 h at 4 �C) to pellet viral particles toge-
ther with suspendedmaterial. The pellet was eluted with 0.25 N

glycine buffer (pH 9.5), and suspended solids were separated by

centrifugation at 12,0009g for 20 min. Viruses were concen-

trated finally by ultracentrifugation (110,0009g for 1 h at 4 �C),
re-suspended in 1 mL of 0.1 mol l-1 phosphate buffer

(pH = 7.2), and stored at-80 �C.

Polyethylene Glycol-Based Method

The applied method for the elution of viruses from sewage

samples is adapted from the one reported by the United States

Environmental Protection Agency standards [21]. Condi-

tioning of sewage samples binds un-adsorbed viruses present

in the liquid matrix to the sewage solids using AlCl3 and

varying samples pH. The eluate was concentrated by precip-

itation with polyethylene glycol 6000 (PEG) as described by

Lewis and Metcalf (1988) [19], in proportions (1/5) 50 %

PEG (w/v). After an overnight incubation at 4 �C, the extract
was centrifuged at 80009g for 45 min, and the pellet was re-

suspended in 2 ml phosphate buffer, pH 7.2 (0.1 mol l-1).

This suspension was filtered through a 0.22-lm pore size

membrane (Millex-GS, SLGS0250S, Molsheim, France),

collected as virus concentrate, and stored at-80 �C.

Viral Genome Detection

Viral RNA Extraction

RNA was extracted from 140 lL concentrate with QiAamp

viral RNA kit (Qiagen) according to the manufacturer’s

instructions.
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Real-Time PCR Amplification and qRT-PCR Standard

The primers and probes sequences used to amplify and

detect viral genomes targeted the conserved sequences at 50

un-transcribed region of Enteroviral genome (50UTR) are
shown in Table 1. The quantitative RT-PCR reaction was

performed in a final volume of 25 ml by using the RNA

UltrasenseTMOne-step Quantitative RT-PCR System (In-

vitrogen) kit. Reaction mix containing 1 lg of RNA tem-

plate, 0.2 lM primers, and 0.1 lM probe was submitted to

the following cycling conditions: reverse transcription step

at 50 �C for 300 followed by a hot start denaturing step at

94 �C for 150, and then 45 cycles of denaturation at 94 �C
for 1500, annealing at 60 �C for 3000, and elongation at 72 �C
for 3000. All reactions were performed on the Step OneTM

Real-Time PCR System (Applied Bio system). Amplifica-

tion data were collected and analyzed using Sequence

Detection Software version 1.0 (Applied Biosystems).

To avoid false-positive results, quality control measures

such as using separate rooms were adopted and each set of

amplifications included two negative controls: double-dis-

tilled sterile water after RNA extraction procedure, and a

negative sample (mineral water) and one positive control

Coxsackievirus CB3 RNA.

The detection method was validated with standard

curves (11-fold successive dilutions of standard viral stock,

n = 10). The numbers of RNA copies present in each

sample are estimated by comparing the sample cycle

threshold (CT) value to standard curve. The final concen-

tration was then adjusted based on the volume of nucleic

acids analyzed and was expressed as genome copies (GC)

per mL of analyzed sample. The number of GC is defined

as the average of the data in triplicate obtained. The GC

values are extrapolated to the number of enterovirus GC in

each sample.

Somatic Coliphages and F-RNA Phages

Enumeration

Bacteriophages were enumerated directly from raw and

treated sewage samples. Plaque-forming units (PFU) of

somatic coliphages were counted by the double agar layer

technique on strain WG5 of E. coli following the ISO

10705-1 standard [23]. F-specific RNA bacteriophage’s

PFU numbers were determined on strain WG49 of Sal-

monella typhimurium, following the ISO 10705-1 standard

[24]. Antibiotics were added to soft agar to prevent growth

of background bacteria present in the sewage samples. The

Petri plates were incubated at 37 �C for up to 18 h prior to

plaque enumeration.

Statistical Analysis

Experiments were carried out in triplicate with 12 collected

raw and treated sewage samples. Statistical analysis was

performed using the Statgraphics statistical analysis soft-

ware package (Statgraphics Plus 5.1; StatPoint, Inc.). Some

data were plotted as boxes and whiskers. This plotting

provides a summary statistics using five numbers: the

minimum, the maximum, the median, the 25th percentile,

and the 75th percentile.

Results

Enterovirus qRT-PCR Standard Curve

Briefly, E. coli JM109 cells (Promega) were transformed

with a pGEM-T Easy plasmid (Promega) containing a

155 bp sequence of enteroviral 5‘UTR insert. Transformed

colonies were selected and screened by conventional PCR

to evaluate the presence of the vector containing the insert.

The vector was purified from the positive colonies using

the Qiagen plasmid purification midikit (Qiagen) following

the manufacturer’s instructions. The concentration of the

vector construct was quantified by spectrophotometer. The

number of GC/mL of the stock prepared for each gene was

calculated. Serial decimal dilutions are made in TE buffer

to prepare the standard curve for qRT-PCR. The standard

dilutions were then aliquoted and stored at -80 �C until

use. Three replicates of each dilution were added to each

qRT-PCR reaction. The standard curve was created by

plotting the log number of enteroviral particles versus their

corresponding cycle threshold (CT) value to create a best

fit line through these points (Fig. 1). The CT value was

Table 1 Enteroviruses primers and probe for qRT-PCR

Primer/probe name Sequence (50-30) %GC Tm (�C) References

Entero F TCCTCCGGCCCCTGAATGCG 70 64.8 [16]

Entero2R ATGTCACCATAAGCAGCCA 48 54.2

Entero S 6FAMCGGAACCGACTACTTTGGGTGTC-BHQ-1 57 65–70 [22]

Tm melting temperature
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inversely related to the viral particles. Run acceptability

was defined as a correlation coefficient (R2)[ 0.99.

Concentration Methods

Comparison of Methods for Concentrating Enteroviruses

from Raw Sewage

Evaluated samples were positive for enteroviruses using

both concentration methods. Raw sewage samples showed

higher enteroviral GC occurrences after proceeding with

viral concentration by PEG-based method (Table 2).

Results obtained with UC-based method were tended to be

different from the other methods (P value = 0.081)

(Fig. 2).

Comparison of Methods for Concentrating Enteroviruses

from Treated Sewage

Figure 3 is a box plot of results obtained from the two viral

concentration methods from treated sewage ready to be

discharged. Unlike the raw sewage results, the two assayed

methods showed similar viral titers. Concentration methods

were not significantly different (P value[ 0.5) (Table 3).

Phages Enumeration

Raw sewage samples contain high amounts of somatic

coliphages ranging between 6.1 log10 PFU/100 mL and 6.8

log10 PFU/100 mL. F-specific RNA phages titers were

about 1log lower than those of somatic coliphages, ranging

between 4.9 log10 PFU/100 mL and 5.8 log10 PFU/

100 mL. After the biological treatment by activated sludge,

titers of both phages decrease in all samples. While somatic

coliphages concentrations decrease by 1.6 log10 PFU/

100 mL, F-RNA specific phages amounts decrease by 2.2

log10 PFU/100 mL (Fig. 4).

Discussion

Human enteric viruses may be introduced into environ-

mental waters through various routes like the discharge of

untreated or inadequately treated wastewater. There are

many challenges related to sampling studies to determine

the virus presence due to both differences and limitations in

recovery and concentration methods for the detection of

viruses in natural samples. Concentration of viral particles

after elution and extraction is a crucial step for viral

detection. In order to establish a good concentration

method for viral detection by qRT-PCR in raw and treated

sewage samples, we aimed at comparing two viral con-

centration methods using these two matrices. We have

chosen enteroviruses as representative indicators of viral

and fecal contamination of water used in agriculture to do

experiments on viral concentration. In fact, enteric viruses

such as Hepatitis A virus, caliciviruses, adenoviruses,

rotavirus, and enteroviruses have the greatest effect on

public health [9, 25]. They have common characteristics

such as morphology, persistence in environment, and

contamination cycle. They have the same behavior and

resistance to the treatment process.

In this study, the percentages of raw and treated sewage

samples testing positive for the enteroviruses genome using

both concentration methods were 100 %. These results are

in concordance with other studies raising concerns about

viral contamination risk in treated water [15, 26, 27].

Enteroviral genomes concentration in raw and treated

sewage were high in comparison with studies made on

Human adenoviruses and polyomaviruses ranging between

102 and 103 (GC/mL), respectively, in sewage samples [15,

28]. Statistical analysis shows that PEG-based method

generated higher recovery rates of viral genomes (with an

average of 5.9 log10 genomic copies/100 mL) than the UC-

based method in raw sewage (with an average of 5.4 log10
genomic copies/100 mL). Meanwhile, the two assayed

methods were not significantly different when applied to

treated sewage samples. These findings proved that con-

centration methods recovery depend on samples nature and

the studied matrix. The UC-based method seems not to be

adequate for enterovirus detection by qRT-PCR in natural

samples with high load of suspended materials and organic

matter. To our knowledge, this report is the first to prove

the inhibitory effect of ultracentrifugation on the concen-

tration of naturally occurring viruses in raw sewage. These

results could have been due to the great sensitivity of the

qRT-PCR for inhibitors, which are more concentrated by

ultracentrifugation, existing in raw sewage and sludge
Fig. 1 Standard curve generated with successive dilutions of stan-

dard viral stock. R2 = 0.999
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samples. In fact, proteins and carbohydrates can bind to

nucleotides and magnesium ions, making them unavailable

to the polymerase in molecular techniques [29]. These

inhibitors might be in less quantity in treated sewage

considered as clean samples with low concentration of

suspended materials and organic matter PEG is well known

as good inductor of attractive interactions that crystallize

viruses in the inter-polymer spaces between PEG mole-

cules. It is a neutral macromolecule precipitating viral

particles in any type of solution even when it contains

proteins. It is also known to remove toxicity from assayed

samples. Furthermore, precipitation of viruses after elution

is frequently used to increase the concentration of the virus

extract for successful molecular detection. PEG is often

used for this purpose, as it easily allows the precipitation of

these viruses at neutral pH and at high ionic concentrations

without precipitation of other organic material existing in

raw sewage samples [30, 31] or even in other complex

matrices rich with organic compounds like fruits [32].

While UC-based method has the disadvantage of precipi-

tating inhibitors and organic compounds that interfere with

molecular detection in samples with high load of sus-

pended materials, PEG-based method would be more

adequate for viral concentration in both matrices (raw and

treated sewage) for further samples processing to detect

naturally occurring enteroviruses by qRT-PCR. Further-

more, due to the lack in standardized methods for viral

detection and enumeration in waters with high load of

Fig. 2 Box plot of Log10 enteroviral GC in raw sewage samples using

the two concentration methods (P value = 0.0818)

Fig. 3 Box plot of Log10 Enteroviral GC in treated sewage samples

using the two concentration methods (P value = 0.974)

Table 3 Descriptive statistics

of results obtained in treated

sewage

Mean S.E. Mean SD Variance Skewness Kurtosis

PEG-based method 5.10 0.11 0.45 0.39 -0.56 0.03

UC-based method 5.07 0.08 0.39 0.15 -1.46 1.50

Fig. 4 Box plot of Log10 PFU/100 mL of somatic coliphages in raw

sewage (SOMCPH RS) and treated sewage (SOMCPH TS) and of

F-specific RNA phages in raw sewage (FRNAPH RS) and treated

sewage (FRNAPH TS)

Table 2 Descriptive statistics

of results obtained in raw

sewage

Mean S.E. Mean SD Variance Skewness Kurtosis

PEG-based method 5.9 0.02 0.10 0.01 -0.59 -1.57

UC-based method 5.44 0.09 0.41 0.16 0.01 -1.91
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organic matter (like raw sewage), there is a need for easily

standardizable virus concentration methods design to be

used in routine laboratories. PEG-based method might be a

good alternative for this purpose. Besides, it does not

require heavy equipments and can be applied in most

laboratories.

In this study, Somatic coliphages and F-specific RNA

phages were also enumerated. In fact, Somatic coliphages

[33], F-specific RNA bacteriophages [34], and bacterio-

phages infecting Bacteroides fragilis [35] have been sug-

gested as model microorganisms for water quality

assessment. Phages have been successfully used in a vari-

ety of environmental applications. They are considered as

fecal indicators. The environmental occurrence and per-

sistence of some groups relate to health risks associated

with fecal pollution and the potential occurrence of enteric

pathogens in aquatic environments [36–39]. They are also

considered as process indicators employed as enterovirus

surrogates in evaluating the effectiveness of water treat-

ment processes [40–43]. Results of this study show that

both types of phages were present in all samples before and

after biological treatment like enteroviruses but with higher

titers. Somatic coliphages (reduction by 1.6 Log10 PFU/

100 mL) were more resistant to biological treatment by

activated sludge than F-specific RNA phages (reduction by

2.2 Log10 PFU/100 mL). Moreover, somatic coliphages

occurrence in raw and treated sewage shows similar vari-

ations to enteroviruses GC numbers. Hence, somatic col-

iphages might be used as enteroviruses surrogates in terms

of biological process resistance. In fact, some somatic

phages such as T-4, T-7, UX174, and PRD-1 have proven

useful as viral surrogates of fate and transport in laboratory

investigations, pilot trials, and validation testing [25, 39].

Conclusion

This study is attempting to evaluate viral concentration

methods from WWTP residues to determine the best viral

concentration techniques for naturally occurring enter-

oviruses detection by qRT-PCR in collected samples. This

report highlights the importance of matrices nature on the

recovery of enteroviruses from sewage samples. Stan-

dardized virological assays will enable the formulation of

guidelines to ensure the virological quality control of dis-

charged water and sludge in environment.
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