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Abstract Detection, molecular characterization, and
quantification of Norovirus (NoVs) in a semi-industrial
pilot plant were performed in order to assess the effi-
ciency of the secondary biological treatment using two
different procedures: natural oxidation ponds and
biodisks. A total of 102 wastewater samples were col-
lected from two biological treatment processes in a
semi-industrial pilot plant. NoVs GII and NoVs GI were

detected and quantified in 65 % (n=66) and in 1 % (n=
1) of the samples of wastewater from the plant, respec-
tively. The average values of viral content (genome
copies/μl) obtained in the effluent of the two lines of
treatment showed a substantial reduction in the preva-
lence and in the viral content of NoVs GII detected from
one basin to another of the five watersheds of the oxi-
dation ponds and at the expiration of the biodisk line.
The predominant genogroup of NoVs was NoVs GII
(65 %), followed by NoVs GI (1 %). The predominant
genotype ofNoVs GIIwas GGII.12 (n=11), followed by
GGII.b (n=1), GGII.1 (n=1), and GGII.16 (n=1) and
two mixed combinations: GGI.2/GGII.12 (n=5) and
GGI.2/GGII.b (n=1) were identified. The results obtain-
ed in this study represent the first documentation in
Tunisia on the effectiveness of biological treatment for
the removal of NoVs in the area of the capital of Tunis.
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1 Introduction

The prevalence of enteric viruses in wastewater, the
efficacy of wastewater treatments in removing such
pathogens, and potential health risks from their release
into the environment or by recycling the treated waste-
water are very important issues in environmental micro-
biology. The monitoring of wastewater treatment plants
(WTPs) may be a suitable approach for the study of
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circulating viruses in their respective service areas and
the persistence of such viruses in treated effluents.

Enteric viruses are considered as the most common
pathogens associated with human gastroenteritis.
Human Noroviruses (NoVs) are found in all age groups
(Atmar 2010; Tian et al. 2014) and are a major cause of
foodborne and waterborne outbreaks (Lopman et al.
2012; Gould et al. 2013; Kim et al. 2014; Wilkes et al.
2014). Waterborne NoVs caused by contaminated sur-
face water, drinking waters, mineral waters, recreational
waters, and groundwater pose a grave danger to public
health (Rutjes et al. 2006; Iwai et al. 2009; Wyn-Jones
et al. 2011; Lee et al. 2012). NoVs are considered the
second etiologic agent of severe acute gastroenteritis in
infants and young children in Tunisia (Sdiri-loulizi et al.
2008; Hassine-Zaafrane et al. 2013) and in different
countries of the world (Desai et al. 2012; Van Beek
et al. 2013). Once excreted in feces at high concentra-
tions, these viruses are present in wastewater where they
are only partially removed by treatment processes. The
resistance of these viruses to the treatment process fa-
cilitates their diffusion and their transmission by the
fecal-oral route that can be directly from person to
person or from animal to man or indirectly by ingestion
of food or water contaminated (Van den Berg et al.
2005; Stals et al. 2013; Fuentes et al. 2014, Hassine-
Zaafrane et al. 2014).

Human NoVs virions are icosahedral particles with a
positive sense and single-stranded RNA molecule, be-
longing to the Caliciviridae family (Martella et al.
2008). Their genomes include three open reading frames
(ORFs). ORF1 encodes a polyprotein precursor for sev-
eral non-structural proteins; ORF2 encodes the capsid
protein; and ORF3 encodes a small protein that plays a
role in the stability of the viral capsid protein VP1 (Vinjé
et al. 2004; Atmar 2010). Agreeing to the nucleotide
sequence analysis of the capsid region, NoVs are
subdivided into several genogroups (GI to GV) that
can be further separated into several clusters or geno-
types (Zheng et al. 2006). Genogroups GI, GII, and GIV
have been found in humans, though GII seems to be the
predominant around the world (Papaventsis et al. 2007;
Al-Mashhadani et al. 2008). Genogroup I with 14 clus-
ters and genogroup II with 17 clusters include most of
the strains infecting humans (Kageyama et al. 2004;
Zheng et al. 2006), but only one NoVs genotype
(GGII.4) is the predominant circulating virus associated
with global epidemics of gastroenteritis in the world and
in Tunisia (Bellilot et al. 2010; Sdiri-Loulizi et al. 2009;

Hassine-Zaafrane et al. 2013; Thongprachum et al.
2013; CDC 2013, Van Beek et al. 2013; Moyo et al.
2014; Franck et al. 2014).

Surveillance and prevention of NoVs in the water
environment are an internal public health priority in
Tunisia. In this study, molecular characterization and
gene quantification of NoVs GII and GI from wastewa-
ter sampled from an area neighboring two hospitals
were performed. The physicochemical analyses and
enumeration of two enteric bacteria commonly used as
fecal indicators which are the thermo-tolerant fecal co-
liforms and the fecal Streptococci were performed to
assess health water quality. In addition, the effectiveness
of secondary biological treatment using two different
procedures at a semi-industrial pilot purification plant
was studied.

2 Materials and Methods

2.1 The Pilot Plant and Effluent Sampling

The pilot plant is connected to a sewage network system
of the residential city of Tunis (Tunisia). This plant is
also drained with contaminated wastewater of two near-
by hospitals, and it has four processing lines of waste-
water treatment: the line of natural oxidation pond
formed by five different basins (B1, B2, B3, B4, and
B5), the line of biological rotating disks (biodisks), the
line of trickling filter, and finally the line of massif filter
(Hassen et al. 1994). From January to December 2011,
102 of wastewater samples were collected. A total of 1 l
of wastewater was collected from each basin (B1, B2,
B3, B4, and B5) and at the biodisk line (D) at different
rate frequency. Bacteriological, physicochemical, and
virological analyses of wastewater samples collected
were conducted within 3 days after collection.

2.2 Physicochemical and Bacteriological Analyses

The physicochemical analyses were performed for all
samples. Samples were analyzed for electrical conduc-
tivity (EC), chemical oxygen demand (COD), biological
oxygen demand (BOD5), ammonium nitrogen (N-
NH4+), suspended solids (SS), nitrate nitrogen (N-
N03

−), nitrous nitrogen (N-NO2
−), and ortho-phosphate

(PO4-P). Enumeration of fecal indicator bacteria such as
thermo-tolerant fecal coliforms and fecal Streptococci
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was performed according to the standard method of the
most probable number MPN (Rodier 1978).

2.3 Virus Extraction

The recovery of viral particles from the wastewater
samples was performed as described in the protocol of
the US Environmental Protection Agency by using a
method adapted from beef extract and AlCl3 (EPA
1992). Briefly, 10 ml of AlCl3 (0.05 M) were added to
1000 ml of sewage samples and pH value was adjusted
to 3.5 using HCl (5 M). The mixture was centrifuged at
4500 rpm for 15 min at 4 °C, and viruses were eluted
with 100 ml of extract of beef to 10 % (pH=9). The
mixture was again homogenized and centrifuged at
5000 rpm for 30 min at 4 °C. Viruses were concentrated
by precipitation with polyethylene glycol 6000 (PEG
6000) as described by Lewis and Melcaft (1988). After
incubation overnight at 4 °C, the extract was centrifuged
at 5000 rpm for 30 min at 4 °C and the pellet was
suspended in 2 ml of phosphate-buffered saline (PBS,
pH=7). Decontamination of the viral suspension was
done by filtration using syringe filters of 0.22 μm. The
filtrate was kept until the extraction of viral RNA at
−20 °C.

2.4 Viral RNA Extraction

Viral RNAwas isolated using 800 μl of sewage extract
using an automatic extractor NucliSENS® EasyMag™
platform (bioMérieux, Marcy L’Etoile, France), accord-
ing to the manufacturer’s instructions, and was stored at
−40 °C.

2.5 Virus Detection and Quantification by Real-Time
RT-PCR

NoVs GI and GII were detected and quantified by real-
time RT-PCR using QNIF2d4, COG2R4 primers and
QNIFS4 probe for GII NoVs: JJV1NF1 and JJV1R2/1

primers and JJV1P2/1 and RING-1b1/3 probes which
amplify the gene segment coding for the capsid of
NoVs GI (Kageyama et al. 2004; Jothikumar et al.
2005; Da Silva et al. 2007; Layman et al. 2009). The
reaction was carried out in a 7500 Fast Real-Time PCR
system using TaqMan® Fast Virus 1-Step Kit (Applied
Biosystems), as recommended by the manufacturer. The
reaction condition included a retro transcription step
(50 °C for 5 min), activation of the polymerase at

95 °C for 20 s, and 40 cycles of cDNA amplification
(95 °C for 20 s and 60 °C for 30 s). The quantification of
the viral content was performed utilizing a standard
range of ten dilutions (109 to100). The standard ampli-
fication was made with the samples.

2.6 Virus Detection by RT-PCR

All positive samples of NoVs GI and NoVs GII revealed
by real-time PCR were tested by RT-PCR using several
sets of primers in separate reactions. The primer set
JV12/JV13 (Vinjé and Koopmans 1996) was used to
amplify a fragment of the RNA polymerase gene of
NoVs genogroups I and II. The primers sets G1SKF/
G1SKR and G2SKF/G2SKR (Kojima et al. 2002) were
used to detect a fragment of the capsid gene of NoVs
genogroups I and II, respectively. RT-PCRs were per-
formed using a Qiagen One-Step RT-PCR Kit (Qiagen)
according to the manufacturer’s instructions and to the
cycles of amplification given by the authors of each
primer set.

2.7 Sequencing

All the amplified DNA samples were systematically
purified from the agarose gel as positive strips cut using
a QIAEX II Gel Extraction Kit (Qiagen, reference
20021) or from the PCR products using Amicon column
(Ultra 30K. Millipore, reference UFC503096).

Sequencing of the PCR products was performed with
the same primers as those for amplification by using the
ABI PRISM® BigDye® Terminator cycle sequencing
ready reaction kit (Applied Biosystems) and an ABI
3100 automated sequencer (PE Biosystems). The nucle-
otide sequence of the amplicons were compared to
corresponding sequences of NoVs strains available in
the GenBank database and in the National Reference
Center for Enteric viruses in Dijon (France) using Fasta
program.

3 Results

3.1 Physicochemical and Bacteriological Characteristics
of Wastewater Samples

The various physicochemical and bacteriological pa-
rameters in the different lagoon during the period of
sampling ranged on average as follows: 1350–
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1720mg/l for electrical conductivity, 58–60mg/l for SS,
155–240 mg/l for COD, 90–170 mg/l for BOD5, 18–
22 mg/l for N-NH4, 18–22 mg/l for P-PO4, 1.6×10

4–
1.6×106 (CFU/100 ml) for fecal coliforms, and 3.9×
103–2.5×105 (CFU/100 ml) for fecal Streptococci.
Similarly, the output values of the biodisk processes
fluctuated between 1.4 and 1.7 mg/l for electrical con-
ductivity, 26–40 mg/l for SS, 105–140 mg/l for COD,
30–50 mg/l for BOD5, 8.5–19 mg/l for N-NH4, 0.5–
4.2 mg/l for N-NO2, 9–23.5 mg/l for N-NO3, 11–17mg/
l for P-PO4, 3.2×10

5–5.6×101 (CFU/100 ml) for fecal
coliforms, and 6×104–6×105 (CFU/100 ml) for fecal
Streptococci.

3.2 Prevalence of NoVs

Virological results showed that out of the 102 samples
of wastewater analyzed, 66 were found positive for
NoVs GII and only one for NoVs GI. Among these
samples, 57 (56 %) were isolated from the five different
natural pond basins and only 10 (10%) were collected at
the exit of the line of biodisks. The distributions of the
overall prevalence of NoVs GII in the different pond
basins and at the exit of the biodisk line were, respec-
tively, 21.5 % (n=22/102), 13 % (n=13/102), 12 % (n=
12/102), 4 % (n=4/102), 5 % (n=5/102), and 10 % (n=
10/102) within the B1, B2, B3, B4, and B5 basins and in
the biodisk line (D). The distribution ofNoVs GIIwithin
the pond basins (B1 to B5) was used to determine the
prevalence of NoVs GII in each different basin: 84.6 %
(n=22/26) in B1, 62 % (n=13/21) in B2, 80 % (n=12/
15) in B3, 33.3 % (n=4/12) in B4, and 31.2 % (n=5/16)
in B5. At the exit of the biodisk line, 83.3 % (n=10/12)
of samples were contaminated by NoVs GII (Fig. 1,

Table 1). NoVs GI was detected in one sample of the
basin B5.

3.3 Reduction of NoVs GII by Wastewater Treatment

The quantification ofNoVs GII content performed for all
wastewater revealed some positive samples presenting
values from 3.1×101 to 54×101 genome copies/μl in the
two basins (B1 and B2) and from 2.4×10−2 to 6×101

genome copies/μl (gc/μl) in the three output basins (B3,
B4, and B5). At the exit of the biodisk line, theNoVsGII
was detected with a high frequency but the values of the
viral content are low compared to the two pond basins
B1 and B2 (from 6×10−1 to 2 gc/μl) (Table 1). The only
sample contaminated by NoVs GI was detected with a
high viral content around of 2.1×102 gc/μl. NoVs GII
were present in the two lagoon basins B1 and B2 with
important frequencies, 84.6 and 62 % in B1 and B2,
respectively, and significant viral loads with average
values of 101 and 32.5 gc/μl of NoVs GII in B1 and
B2, respectively. Similarly, in the basin B3 and at the
exit of the biodisk line (D), NoVs GII was found with
high frequencies, 80 and 83.3 % in B3 and biodisk line
(D), respectively, but their average values of the viral
load are lower than those registered in the two basins B1
and B2 (1.72 gc/μl in B3 and 1.77 gc/μl in biodisk line
(D)). However, in the two basins B4 and B5, NoVs GII
was encountered with frequencies of 33.3 and 31.2 % in
B4 and B5, respectively. Furthermore, the viral loads
were lower than those registered in the two basins B1
and B2, 1.68 and 1.77 gc/μl in B4 and in B5, respec-
tively (Table 1). The average values of viral content (gc/
μl) recorded in the effluent of the two lines of treatment,
natural oxidizing lagoons and biodisks, showed a

Fig. 1 Annual distribution of the
prevalence of Noroviruses GII in
the two lines of treatments:
lagoon basins and biodisks
between December and
November 2011
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significant reduction in the prevalence and in the viral
content of NoVs GII. This decrease was observed from
one basin to another of the five basins of natural lagoon
and at the exit of the biodisks (P≤0.05) (Table 1, Figs. 1
and 2).

3.4 Monthly Distribution of NoVs in the Two Lines
of Treatments

The monthly distribution of positive NoVs GII during
the sampling period (from November to December
2011) showed the presence and the survival of NoVs
GII in wastewater having an alkaline pH (7.6 to 8.6) and
moderate water temperatures ranging from 10 to

25.7 °C. Its presence was detected not only through
the whole sampling period with a peak during the winter
and spring season but also an unusual peak during the
summer season (July) (Fig. 3, Table 1). Similarly, the
variation of the average values of the viral content of
NoVs GII over the seasons showed the occurrence of a
peak during the cold seasons (37 gc/μl in February,
35 gc/μl in May, and 24 gc/μl in November) and the
summer season (51 gc/μl of NoVs GII) (Fig. 4, Table 1).
In the pond basin B1, NoVs GII was encountered with
important frequencies and viral contents during the four
seasons. In the pond basin B2, NoVs GII was detected
during the four seasons with a peak during the winter
and spring season, with values of 115 gc/μl of NoVs GII

Table 1 Monthly distribution of the Noroviruses GII content in the natural lagoon basins and the biodisk lines between December and
November 2011

Months Basins (B1 to B5) and biodisk line (D)

Basin B1 Basin B2 Basin B3 Basin B4 Basin B5 Biodisks D

December 58.5±39 a,b; β 1.5±0.3 a; α 1.5±0.3 a; α 1.75±0.5 a; α 4±2.3 b; α 1.75±0.5 a; α

January 1.5±0.3 a; α 21±19.6 a; β 1.5±0.3 a; α 1.5±0.3 a; α 1.75±0.2 a; α 1.2±0.2 a; α

February 101.5±60.5 a,b,c; β 114.7±65.7 b; β 1.5±0.3 a; α 1.5±0.3 a; α 2±0.4 a; α 1.2±0.2 a; α

March 16±9.8 a; α 134.2±90.5 b; β 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α

April 23.7±9 a; β 19±16.7 a; β 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α

May 186±58.9 b,c,d; β 19.2±17.9 a; α 1.7±0.5 a; α 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α

June 214.5±123.5 c,d; β 13.7±12.4 a; α 1.7±0.5 a; α 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α

July 260.2±144.2 d; β 36.2±34.9 a; α 1.5±0.3 a; α 3.5±2.2 b; α 1.5±0.3 a; α 1.5±0.3 a; α

August 1.5±0.3 a; α 1.5±0.3 a; α 1.7±0.2 a; α 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α

September 106±104.6 a,b,c; β 22.2±20.9 a; α,β 1.2±0.2 a; α 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α

October 106±104.6 a,b,c; β 5.7±4.4 a; α 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α

November 135.2±133.9 a,b,c,d; β 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α 1.5±0.3 a; α

Within a line, means followed by the same miniscule letter (a, b, c, d) are significantly different according to Waller-Duncan, at P<0.05;
within a column, means followed by the same Greek letter (α, β) are significantly different according to Waller-Duncan, at P<0.05

Fig. 2 Annual variation of the
viral load of Noroviruses GII in
the two lines of treatments:
lagoon basins and biodisks
between December and
November 2011
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in February and 134 gc/μl ofNoVs GII in March (Fig. 6,
Table 1). In the pond basin B3, NoVs GII are encoun-
tered during the four seasons with high frequencies and
viral contents lower than those registered in the two
ponds basins (B1 and B2), with values of 1.5 to
1.7 gc/μl of NoVs GII (Fig. 6, Table 1). However, in
the other basins (B4 and B5), NoVs GII is encountered
during the four seasons with frequencies and viral con-
tents lower than those registered in the two ponds basins
(B1 and B2), with values of 1.5 to 4 gc/μl of NoVs GII
(Fig. 6, Table 1). At the exit of the biodisk line (D),
NoVs GII is encountered during the four seasons with
high frequencies and viral contents lower than those
registered in the two ponds basins (B1 and B2), with
values of 1.2 to 1.7 gc/μl of NoVs GII (Fig. 6, Table 1).
The only sample contaminated with NoVs GI was de-
tected during December 2011. Results in Table 1 re-
vealed a significant difference between the average
values of viral load of NoVs GII (gc/μl) registered over
the different seasons in the five basins of natural lagoon

and at the exit of the biodisk line (P≤0. 05) (Table 1,
Figs. 3, 4, 5, and 6).

3.5 Molecular Characterization of NoVs

All positive samples for NoVs GII by real-time RT-PCR
were tested by two conventional RT-PCR using two
different pairs of primers. The NoVs GII was detected
in 27 samples using the pair of primers G2SKR/GE2KF
encoding for a fragment of the capsid gene of NoVs
genogroups II. The NoVs GII was detected in 18 sam-
ples using the pair of primers JV12/JV13 encoding for a
fragment of the RNA polymerase gene of NoVs
genogroups I and II. The NoVs GI is not detected in
the single positive sample of NoVs GI using the pairs of
primers encoding for the capsid gene of NoVs
genogroups I and the RNA polymerase gene of NoVs
genogroups I and II.

The molecular typing of strains of NoVs GII was
performed on all positive samples for NoVs GII by two

Fig. 3 Monthly distribution of
the prevalence of Noroviruses GII
in the two lines of treatments:
lagoon basins and biodisks
between December and
November 2011

Fig. 4 Monthly variation of the
viral load of Noroviruses GII in
the two lines of treatments:
lagoon basins and biodisks
between December and
November 2011
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conventional RT-PCR, but only the genotypes of 20
samples were determined. The genotyping revealed that
the GII strains were the most frequent (66 and 1 % for
GII and GI, respectively). The predominant genotype of
NoVs GII was GII.12 (n=11), followed by GII.b (n=1),
GII.1 (n=1) and GII.16 (n=1) and two mixed combina-
tions: GI.2/GII.12 (n=5) and GI.2/GII.b (n=1) were
identified (Table 2).

4 Discussion

Among human enteric viruses, NoVs are recognized as
being the leading cause of epidemics and sporadic cases
of gastroenteritis in all age groups (Atmar 2010; Tian
et al. 2014). NoVs are the causative agents of gastroen-
teritis transmitted by contaminated food and water
(Lopman et al. 2012; Sdiri-Loulizi et al. 2010).
Waterborne NoVs caused by contaminated surface wa-
ter, drinking waters, mineral waters, recreational waters,
and groundwater pose a grave danger to public health

(Rutjes et al. 2006; Iwai et al. 2009; Wyn-Jones et al.
2011; Lee et al. 2012).

The different samples of wastewater analyzed in the
present study and tested at various levels of a semi-
industrial pilot plant showed the potential role of treated
wastewater as a possible route of transmission of NoVs
and highlighted the high risk of infection related to the
reuse of this kind of water for different purposes, mainly
the agricultural reuse and/or their release in bathing and
recreational water. Moreover, this study dealt with the
effectiveness of the wastewater treatment concerning
the abatement of NoVs since these viruses are consid-
ered among the main causes of clinical problems and of
a high public health concern; thereby, we tried to assess
the viral content circulating in wastewater sampled at
different levels of a semi-industrial pilot plant situated in
a residential area and drained with the wastewater of two
hospitals. The molecular characterization of strains of
NoVs was performed to compare virus strains in circu-
lation in the case area of the Grand Tunis.

In the present study, the simultaneous analysis of
some various physicochemical and bacteriological

Fig. 5 Monthly variation of the
viral load of Noroviruses GII at
the exit of the two lagoon basins
B1 and B2 between December
and November 2011

Fig. 6 Monthly variation of the
viral load of Noroviruses GII at
the exit of the three lagoon basins
B3, B4, and B5 and the biodisk
line (D) between December and
November 2011
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parameters performed in the two lines of treatment
(pond basins B1 to B5 and biodisks) showed in general
an average contrariwise result: poor physicochemical
water quality and a good bacteriological quality in the
case of the lagoon basin line, and unlike an excellent
phys icochemica l water qua l i ty and a poor
bacteriological quality in the case of the biodisk line.
A similar study done in Tunisia by Hassen et al. (1994)
reported comparable results as obtained in the present
study showing the low effectiveness of removal of the
main physicochemical parameter such DBO5 and the
elimination of pathogens such as Streptococci and fecal
coliforms by the natural lagoon basins and an inversely
result for the biodisk line. On one side, it is well known
that the residence time in treatment systems plays a
fundamental role in the overall efficiency of removal
of the various physicochemical and biological parame-
ters of water quality. On another side and in considering
that the residence time in the lagoon system is generally
quite high (on average 30 days), it is obvious that the
biological parameter removal is very important com-
pared to that usually registered for physicochemical
parameters (Hassen et al. 1994). By against, the resi-
dence time in the biodisk system is very short, with 4 to
5 h, it would actually be a biofiltration and the physico-
chemical water quality is greatly improved related to
that usually recorded in the case of the lagoon system
(Hassen et al. 1994). Indeed, it is well known that the
biodisk treatment consists essentially on a sewage clar-
ification (Hassen et al. 1994).

In this study, the high rate (65 %) of detection of
NoVs GII in wastewater is not comparable to rates
recorded in previous studies in Tunisia. The first clinical
study has reported a prevalence of NoVs of 17.4 %

between 2003 and 2005 in Tunisia (Sdiri-Loulizi et al.
2008). Similarly, the first environmental study has re-
ported a low prevalence of NoVs (4.4 %) in sewage
samples and (1.6 %) in shellfish samples between
January 2003 and April 2007 in Tunisia (Sdiri-Loulizi
et al. 2010). The second environmental study has
showed an increase in the prevalence of NoVs
(37.1 %) between 2007 and 2010 (Hassine-Zaafrane
et al. 2014). Another study in Tunisia has revealed a
prevalence of NoVs around of 35 % in shellfish samples
(El-Amri et al. 2006). The high prevalence of NoVs GII
(65 %) in wastewater samples confirms that the NoVs
are considered the second etiological agent of viral
gastroenteritis in children in Tunisia and in the world
(Sdiri-Loulizi et al. 2008; Patel et al. 2008; Hassine-
Zaafrane et al. 2013). In this study, the rate of detection
of NoVs GII (65 %) in wastewater is not similar with
rates recorded in previous studies such as Tunisia,
Brazil, Venezuela, China, France, Greece, and Spain
(Hassine-Zaafrane et al. 2014; Sdiri-Loulizi et al.
2010; Miagostovisch et al. 2008; Rodriguez-Diaz et al.
2009; He et al. 2011; Sima et al. 2011; Kokkinos et al.
2011; Calqua et al. 2013). These dissimilar detection
rates could be explained by the difference in the condi-
tions of study such as the sampling season and the
sampling methods and the lack of hygiene and sanita-
tion in countries. The stability ofNoVs GII in waters has
been previously described, and its resistance to the
physicochemical processes used for sewage treatment
might facilitate its transmission and its dissemination
(Van den Berg et al. 2005).

The detection and the quantification of NoVs GII at
the exit of the two treatment lines were carried out in a
semi-industrial pilot plant in order to evaluate the

Table 2 Distribution of genotypes of Noroviruses GII detected in the two lines of wastewater treatment between January and December
2011

Genotypes/basins Number of strains by basins

Basin B1 Basin B2 Basin B3 Basin B4 Basin B5 Biodisks D Total

GGII.1 0 0 1 0 0 0 1

GGII.12 1 1 3 1 2 3 11

GGII.16 0 0 1 0 0 0 1

GGII.b 0 0 0 0 1 0 1

GGI.2/GGII.12 1 1 0 1 2 0 5

GGI.2/GGII.b 0 0 0 0 1 0 1

Total 2 2 5 2 6 3 20
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effectiveness of these two lines of secondary biological
treatment concerning the elimination of these viruses.
The results showed a significant decrease in the preva-
lence and concentration of NoVs GII in the treated
effluent. These results were comparable to those report-
ed in other studies in Italy, in Brazil, and in China (La
Rosa et al. 2010a, b; Prado et al. 2011; He et al. 2011).
So, in considering this moderate efficiency of the virus
abatement after these two lines of secondary treatment,
it appeared that the remaining viral content of this path-
ogen in wastewater could reach the receiving water and
the natural environment. Hence, this study highlighted
the lack of sanitary quality of the treated wastewater for
various recycling purposes and reuse and the need to
perform tertiary treatment of disinfection in such situa-
tion, i.e., by UV irradiation. These data are in agreement
with previous studies showing that NoVs are present in
high levels not only in raw but also in treated wastewa-
ters (Laverick et al. 2004; Van den Berg et al. 2005; Da
Silva et al. 2007; La Rosa et al. 2010a, b; Maunula et al.
2012, Hassine Zaafrane et al. 2014).

The seasonal distribution of NoVs GII in this study
confirmed the result of two earlier Tunisian studies
achieved commonly on patient and wastewater sam-
pling since the results revealed that the NoVs GII were
detected in the population and in the wastewater during
the winter season and an unusual peak from May to
September (Sdiri-Loulizi et al. 2008; 2010). Similarly,
in Finland, NoVs were present during spring and winter
season in river water and in treated wastewater released
into the river water (Maunula et al. 2012). The results
obtained in this study are dissimilar to those obtained in
two recent studies in Sweden and in Italy showing the
abundance ofNoVs GII in wastewater during spring and
summer season (Nordgren et al. 2009; La Rosa et al.
2010a). However, in China, the peak of NoVs detection
in wastewater was registered in cold weather from
October to March (He et al. 2011). The change in the
temporal seasonal distribution of NoVs GII can be ex-
plained by the variability in the average temperature, the
humidity, the immune status of the host, and the socio-
economic situation in each country.

This study describes methods for sample collection
and processing of wastewater for molecular detection of
enteric viruses, and it also describes both traditional and
real-time RT-PCR assays for NoVs diagnosis.
Traditional RT-PCR methods are usually used for diag-
nosis, but they involve the usage of a confirmatory test.
More recently, real-time RT-PCR assays have been

developed allowing a rapid and accurate identification
of NoVs in wastewater samples. The ability to rapidly
detect and quantify viruses in environmental samples
using real-time PCR represents a considerable advance-
ment, holding great potential for environmental applica-
tions. This approach allowed us to overcomemost of the
disadvantages associated with both conventional cell
culture and direct PCR assays, reducing the time needed
for the detection of infectious viruses. The real-time
PCR has been demonstrated to be a powerful tool for
rapid determination of human NoVs in environmental
samples and represents a considerable advancement in
pathogen quantification in aquatic environments. Other
works have demonstrated the effectiveness of real-time
RT-PCR for detection of humanNoVs in wastewater and
in fecal samples (Atmar et al. 2011; La Rosa et al.
2010b).

Genotypes ofNoVs GIIwere identified in 20 positive
samples. The genotyping study showed that the geno-
type GGII-12 (n=11) was the predominant, followed by
GII.b (n=1), GGII.1 (n=1), and GGII.16 (n=1) with
two mixed combinations, GGI.2/GGII.12 (n=5) and
GGI.2/GGII.b (n=1). These results are discordant with
those obtained in other Tunisian studies. In Tunisia,
clinical studies have demonstrated that the GGII.4 was
the most prevalent genotype between 2003 and 2010.
Interestingly, the hunter variant, which was the unique
GII.4 variant observed from 2003 to April 2007 in the
region of Monastir, replaced the 2006b variant between
2007 and 2010 (Sdiri-Loulizi et al. 2009; Hassine-
Zaafrane et al. 2013). Similarly, an environmental study
has revealed that the GGII.4 was the most prevalent
genotype in wastewater samples in the region of
Monastir (Sdiri-Loulizi et al. 2010). In previous
Tunisian studies, GGI.2 genotype was detected in sew-
age, in selfish, and fecal samples, but GGII.1 and
GGII.12 were only detected in fecal material and in
wastewater, respectively (Sdiri-Loulizi et al. 2009,
2010; Hassine-Zaafrane et al. 2013, 2014). This study
showed the presence of new genotypes such as GGII.1,
GGII.b, and GGII.16 in the residential city of Tunis.
GI.2, GI.5, GI.6, and GI.1 genotypes were identified in
sewage, in river, in ground, and in marine waters in
Thailand, in Italy, in Korea, and in Hong Kong (La
Rosa et al. 2010a; Kittigul et al. 2012; Lee et al. 2012;
Yang et al. 2012). GII.4 genotype is the most prevalent
genotype in sewage in Italy and in Greece, in five rivers
of Argentina, in marine waters in Hong Kong and in
Korean groundwater (La Rosa et al. 2010a; Kokkinos
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et al. 2011; Fernández et al. 2012; Yang et al. 2012; Lee
et al. 2012). In Italy and in Argentina, GII.b, GII.6,
GII.2, GII.7, and GII.17 genotypes were detected in
sewage and in river water (La Rosa et al. 2010a;
Fernández et al. 2012).

This study revealed a predominance of NoVs GII
compared to NoVs GI. These results are similar to those
reported in other studies conducted on clinical and
wastewater samples in Tunisia (Sdiri-Loulizi et al.
2008, 2009, 2010). On the contrary, a recent Tunisian
study revealed a dominance of NoVs GI compared to
NoVs GII in sewage samples (Hassine-Zaafrane et al.
2014). However, the significant presence of NoVs GI
with high rates and viral content in wastewater samples
has been described in Italy, in France, in Sweden, and in
Thailand (Da Silva et al. 2007; Nordgren et al. 2009; La
Rosa et al. 2010a, b; Kittigul et al. 2012).

Moved over the considerable load of viral gastroin-
testinal disease and in the absence of costly epidemio-
logical monitoring systems, virological monitoring of
sewage flowing into a wastewater treatment plant may
represent an inexpensive and effective approach that
would earmark for an ongoing follow-up on the occur-
rence of pathogenic viruses in the plant’s service area.
The monitoring of effluent samples, on the other hand,
may contribute to the understanding of the viral re-
moved through wastewater treatment and to the preven-
tion disease. The different samples of wastewater ana-
lyzed in the present study and tested at various levels of
a semi-industrial pilot plant showed the potential role of
treated wastewater as a possible route of transmission of
NoVs and highlighted the high risk of infection related
to the reuse of this kind of water for different purposes,
mainly the agricultural reuse and/or their release in
bathing and recreational water. Moreover, this study
dealt with the effectiveness of the wastewater treatment
concerning the abatement of NoVs since these viruses
are considered among the main causes of clinical prob-
lems and of a high public health concern; thereby, we
tried to assess the viral content circulating in wastewater
sampled at different levels of a semi-industrial pilot
plant situated in a residential area and drained with the
wastewater of two hospitals. The molecular characteri-
zation of strains of NoVs was performed to compare
virus strains in circulation in the case area of the
Grand Tunis.

The main goals of this study were to assess the
efficiency of two secondary biological treatment lines
(natural oxidation ponds and biodisks) concerning the

NoVs removal, to indicate the impact of wastewater on
the potential spreading and dissemination of these in-
fectious particles in the environment, and to establish
important standards for the management policy of
wastewater treatment and for public health interest. A
moderate improvement of the water bacteriological
and virological quality was insured by the natural
lagoon basins and the biodisk procedure treatment.
Moreover, these two types of treatment have
highlighted the inadequacy of the sanitary quality
of treated wastewater at the exit of these two lines
for recycling and reuse purposes since there were
still some infectious NoVs in water. So, tertiary
treatment of disinfection is essential and needed
for the removal of infectious particles at high rates
and at a safe level.
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