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ab s t r ac t
Rotating biological disks and natural oxidizing lagoons are processes used to treat wastewater. These 
procedures were used in the present work and were situated in a pilot wastewater treatment plant 
situated in the residential area of Tunis City in Tunisia and received hospital wastewater from three 
nearby different clinics. This wastewater was very rich in various types of pathogens. Consequently, 
the monitoring of this treatment plant for hospital wastewater can be an appropriate approach to the 
study of the circulation of enteric viruses, such as human astroviruses. Wastewater samples (n = 102) 
were collected at the exit of the five basins from natural oxidizing lagoons and at the outlet of the 
rotating biodisks. Human astroviruses were identified in 55% (n = 56) of the wastewater samples by 
reverse transcription polymerase chain reaction (RT-PCR). An important increase was found in the 
frequencies of human astroviruses from the first to last lagoons of the natural oxidizing lagoon and 
at the exit of the rotating biological disks. Thus, these results showed the ineffectiveness of the two 
biological treatment methods studied for the human astroviruses removal. In addition, the data of this 
investigation pointed out the first detection of human astroviruses (genotype 1 and 6) in wastewater 
samples in Tunisia. These findings highlighted the inadequacy of the sanitary quality of treated waste-
water for recycling, agricultural reuse and discharge into the receiving waters.

Keywords:  Human astroviruses; Hospital wastewater; Rotating biological disks; Natural oxidizing 
lagoon; Removal

1. Introduction

Waterborne infections have been proven to be import-
ant in outbreaks of gastroenteritis throughout the world [1]. 
Despite the progressive application of improved sanitary 

conditions, faecal contamination remains an emerging prob-
lem. Diarrhoea remains the second leading cause of death 
among kids under 5 years, making nearly 1.3 million pre-
ventable deaths each year, primarily in developing rural 
areas [2]. Enteric viruses are usually present in environmen-
tal water and represent the major cause of waterborne infec-
tions and outbreaks [3]. Human astroviruses (HAstVs) are 
a diarrhoea-causing. It also cause other symptoms of acute 
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gastroenteritis in children and adults in all areas of the globe, 
including Tunisia [4,5]. Waterborne human astroviruses, 
originating from polluted groundwater, surface water, sew-
erage, water, river water, open water and drinking water, is 
a serious and significant public health concern [6,7]. Once 
excreted in faeces at high concentrations, these viruses are 
present in wastewater where they are only partially removed 
by treatment processes. They show resistance against differ-
ent physical and chemical agents, they are able to maintain 
their infectivity at 60°C for 10 min and to resist to treatment 
at pH 3 [8]. The resistance of these viruses to the treatment 
process facilitates their diffusion and their transmission by 
the faecal–oral route [3].

Human astroviruses are non-enveloped and posi-
tive-sense single-stranded RNA viruses containing a 
6.8 kb poly-adenylated genome [9]. These viruses belong 
to the genus Mamastovirus, which is composed of vari-
ous species (Mamastrovirus 1–19). Human astroviruses 
belong to the Astroviridae family within the Mamastrovirus 
genus [9]. Moreover, Mamastrovirus 1 comprises eight 
genotypes (HAstV-1 to HAstV-8), being HAstV-1, 
HAstV-2, HAstV-4 and HAstV-8 subdivided into 6, 4, 3 
and 3 lineages, respectively [10]. Of these human astro-
viruses, HAstV-1 was recognized as the most frequent 
genotype in Tunisia and in the world [4,5,10–12]. In 
Tunisia, the identification of human astroviruses is well 
documented in clinical [5,13] and in shellfish samples 
[14]. Nevertheless, this virus was not reported in the first 
Tunisian environmental study on wastewater samples 
realized by Sdiri-Loulizi et al. [15].

The main goals of the present study were (i) the molecu-
lar detection of human astroviruses in hospital wastewater in 
Tunisia; (ii) the assessment of the efficiency of two secondary 
biological treatments: natural oxidizing lagoon or ponds and 
rotating biological disks (biodisks), for human astroviruses 
removal. 

2. Materials and methods

2.1. Study area

The wastewater treatment system of the pilot wastewater 
treatment plant d’El-Menzeh I in Tunis City treats domes-
tic and hospital wastewater. This pilot plant consists of four 
wastewater treatment lines: the line of biological rotating 
disks or biodisks, the line of natural oxidation lagoon or 
pond formed by five different lagoon basins (B1–B5), the line 
of massif underground spreading filter, and the line of trick-
ling filters [16–18]. The location site of pilot wastewater treat-
ment plant and the simple schematic of the two biological 
treatment procedures were depicted in Fig. 1. In addition, 
the main physical and geometric characteristics of the two 
biological wastewater treatment procedures studied: natu-
ral oxidizing lagoons or ponds and rotating biodisks were 
defined in the previous work of Ibrahim et al. [18]. 

During the year of study, at different points of the two 
treatment procedures, wastewater samples were collected. 
A total of 102 of wastewater samples were taken from the 
two studied treatment procedures. Sampling was carried 
out every month, there is at least one sample of wastewater 
during all the months of the year 2011. The exception of the 
August month where no samples were taken for a practical 
reason of pilot wastewater treatment plant staff availabil-
ity. Thus, 1 L of wastewater was sampled at the outlet of the 
rotating biological disks line (D) and of each lagoon basin (B1, 
B2, B3, B4 and B5) from natural oxidizing lagoons at different 
frequency rate. 

2.2. Astrovirus molecular detection

2.2.1. Viruses’ extraction

The detection of viral particles in the wastewater sam-
ples was carried out in accordance with the protocol of the 

Fig. 1. Location site of pilot wastewater treatment plant and a simple schematic of two biological treatment procedures.
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US Environmental Protection Agency, using the adapted 
method of beef extract and AlCl3

 [17–20]. The viral particles 
were precipitated by polyethylene glycol 6000 (PEG 6000) and 
rocked at 4°C for 24 h [21]. A filtration using syringe filters of 
0.22 µm was used for the viral suspension decontamination.

2.2.2. RNA extraction

Viral RNA was extracted in accordance with the manufac-
turer’s instructions, using an automatic extractor NucliSENS® 

EasyMagTM platform (bioMérieux, Marcy L’Etoile, France). 

2.2.3. Astrovirus detection

HAstVs were detected by reverse transcription poly-
merase chain reaction (RT-PCR) using the primer sets Mon 244 
and Mon 245, to amplify a 413 pb fragment of the gene encod-
ing for the precursor of the ORF2 capsid [22]. The sequences 
of primer pairs were 5′-GGTGTCACAGGACCAAAACC-3′, 
5′-TTAGTGAGCCACCAGCCATC-3′ for Mon 244 and Mon 
245, respectively. 

RT-PCR was performed using a Qiagen OneStep RT-PCR 
Kit (France) according to the manufacturer’s instructions and 
to the cycles of amplification given by the authors of each 
primer set.

The physicochemical characteristics were defined in con-
formity with the standard method analyses of wastewater in 
AFNOR [23]. The bacteriological water contents were deter-
mined by the enumeration of faecal pollution indicator bacte-
ria (thermotolerant faecal coliforms and faecal Streptococci) 
using the most probable number method [23]. 

2.2.4. Sequencing

The sequencing reaction of the purified DNA was 
achieved with the same primers as those used for amplifi-
cation (Mon 244/Mon 245) using the ABI Prism® BigDye® 
Terminator Cycle Sequencing Ready Reaction Kit (Applied 
Biosystems, France). 

The nucleotide sequences of the amplicons were com-
pared with other sequences of human astroviruses strains 
available in the GenBank database. Phylogenetic analyses 
were performed according to the neighbour-joining method 
with the MEGA software [24] and the PHYLIP package [25]. 
The phylogenetic tree was visualized with the Tree view pro-
gram [26]. The nucleotide sequences, found in the present 
work from wastewater samples, were submitted to GenBank 
under accession numbers KP636520–KP636526.

2.3. Statistical data analysis

The analysis of variance was done using SPSS software 
(SPSS for Windows, version 19; SPSS Inc., Chicago, IL, USA). 
The frequencies of human astroviruses were achieved by 
the least significant difference test in conformity with the 
Waller–Duncan a, b test.

3. Results and discussion

Enteric viruses are usually present in environmental 
waters and stand for the major cause of waterborne infections 

and outbreaks [3,4]. In Tunisia, no sufficient environmen-
tal information on the presence of human astroviruses in 
wastewater is available. In this survey, the circulation of 
enteric viruses such as human astroviruses was monitored 
in the semi-industrial wastewater treatment, pilot plant, in 
a residential city of Tunis, Tunisia. The wastewater in this 
area of study is very specific since it is originated from three 
neighbouring clinics. Therefore, this hospital wastewater 
could be qualified as specific and particularly contaminated 
water. Hospital wastewater contains many pollutants such as 
pathogenic microbes (bacteria, viruses), biodegradable toxic 
and radioactive contaminants that can cause pollution and 
health problems [27].

In this study, 56 samples were positive for human astro-
viruses (55%). Therefore, this work documents for the first 
time a real investigation of human astroviruses detection in 
Tunisian hospital wastewater. Previous Tunisian studies on 
viruses concerned clinic and hospital environments where 
the human astroviruses were detected in 3.6% and 7% of fae-
cal samples between the years 2003–2005 [13] and 2003–2007 
[5], respectively. Similarly, human astroviruses were detected 
in 61% of Tunisian shellfish samples [14]. Moreover, human 
astroviruses were not found in wastewater and in shellfish 
samples in the first Tunisian environmental study between 
the years 2003 and 2007 [15]. This high detection rate of 
human astroviruses in the present study is not similar to 
those registered in other Tunisian studies [5,13–15]. These 
findings support the relevance of this type of virus as an 
important factor and major cause of waterborne infectious 
diseases in children in Tunisia and in the rest of the world. 
Similarly, human astroviruses have been found in 45% of 
sewage samples directly discharged into the Uruguay River 
during 1 year of study [6]. Nevertheless, human astroviruses 
have been found at various rates in sewage samples from dif-
ferent rural areas worldwide, such as South Africa, Germany, 
Hungary, Egypt, Italy, Singapore, Brazil and Japan [8,28–35]. 
The high detection rate of human astroviruses around 55% 
registered in this work reflects the fact that the human astro-
viruses circulated at a comparatively high prevalence in the 
studied local population. This high prevalence may be con-
nected or conditioned by the presence of three important 
clinics in the neighbourhood. These results demonstrate and 
confirm that environmental surveillance could be viewed as 
an effective method to control the epidemiology of human 
astroviruses and contribute to mastering and understanding 
diseases caused by human astroviruses in populations. 

The molecular detection of human astroviruses in treated 
effluent samples included in this study revealed that 45 (44%) 
of the positive wastewater samples were recorded in the five 
different natural lagoon basins (B1 to B5) from the natural 
oxidizing lagoon process, and only 11 (11%) were registered 
at the exit of the rotating biological disk procedure. Therefore, 
the distribution of the overall frequencies of human astrovi-
ruses in the two procedures of treatment was 6% (n = 6/102), 
5% (n = 5/102), 12% (n = 12/102), 8% (n = 8/102), 14% (n = 
14/102) and 11% (n = 11/102) within the five lagoon basins 
(B1–B5) and at the outlet of the rotating biological disks (D) 
process; respectively. Within the different lagoon basins (B1–
B5), the distribution of human astroviruses was used to estab-
lish the frequencies of human astroviruses in each lagoon. 
These frequencies were as follows: 23% (n = 6/26) in B1, 24% 
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(n = 5/21) in B2, 80% (n = 12/15) in B3, 67% (n = 8/12) in B4 and 
88% (n = 14/16) in B5. At the exit of the rotating biological disk 
procedure, 92% (n = 11/12) of the samples were contaminated 
by human astroviruses (Fig. 2). Thereby, the human astrovi-
ruses detection results in all positive samples depicted par-
ticularly low frequencies of human astroviruses in the two 
basins B1 and B2 when compared with the three other basins 
B3, B4, B5 from the natural oxidizing lagoon process and at 
the termination of the rotating biological disk procedure (D). 
Human astroviruses were detected only in 23% and 24% of 
wastewater samples in the two basins B1 and B2, respectively. 
On the other hand, more or less high frequencies of human 
astroviruses were registered in the three other basins (B3, B4, 
B5), and at the exit of the rotating biological disks (80% in B3, 
67% in B4, 88% in B5 and 92% in the D), when likened with the 
values found in the two basins B1 and B2 of the natural oxidiz-
ing pond procedure. In the effluents and influents of the two 
treatment procedures, the human astroviruses frequencies 
showed progressively a significant increase of the different 
frequencies of these viruses recorded in the five basins of nat-
ural oxidization ponds and at the exit of the rotating biodisks 
procedure (P < 0.05; Fig. 2; Table 1).

Similarly, human astroviruses are commonly present 
in environmental waters and represent the major cause of 
waterborne infections and outbreaks, since the traditional 
wastewater treatments usually fail to remove enteric viruses 
in the water purification processes [7]. This fact enhances 
and promotes the daily release of these types of viruses into 
natural receiving waters. The present work evaluates two 
types of biological treatment procedures, namely natural 
oxidizing lagoons and rotating biological disks situated in a 
semi-industrial pilot wastewater treatment plant and located 
in the Tunis City suburbs for their waterborne human astro-
viruses removal capabilities. 

The results obtained in the two types of treatment pro-
cesses showed mainly a significant increase of the prevalence 
of human astroviruses from the first to the last lagoon of the 
five lagoons of natural oxidizing lagoons and at the exit of 
the rotating biological disks. These data showed the inef-
fectiveness of the two recommended wastewater treatment 
methods for the human astroviruses removal. This increase 
of human astroviruses frequencies could be explained by the 
phenomenon of disaggregation largely observed with enteric 
virus particles during their transport through the various 
lines of treatment. Furthermore, the massive presence of the 

Fig. 2. Annual variation of the frequencies of human astroviruses 
in the two wastewater treatment procedures. Ta
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human astroviruses particle aggregates in wastewater could 
in part give an explanation concerning the resistance of these 
viruses to recommended treatment [36].

The phenomenon of aggregation or clumping of virus 
particles protect these viruses from some environmental 
inactivating agents and increase the possibility of comple-
mentation between some non-infectious particles [36]. In 
summation, the adsorption status of viruses to particles or 
surfaces has been demonstrated to greatly affect virus sur-
vival [37]. Several kinds of forces and factors could play an 
important role in viral adsorption. These various forces and 
factors may include ionic attractions, covalent reactions with 
certain chemicals, hydrogen bonding, hydrophobic interac-
tions, double layer interactions, Van der Waals attractions, 
pH, ionic forces, organic and mineral content, etc. The exist-
ing theory of virus adsorption suggests that the most import-
ant of these forces are the double-layer interactions, the pH 
and the Van der Waals attractions, largely and previously 
described by Gerba [37,38]. 

Generally, various categories of viruses could persist 
in natural environments during many hours, days, weeks 
or even months (liquid, solid and in the airborne state). 
The period of persistence depends essentially on the type 
of viruses, their physical state (dispersed, aggregated, 
cell-associated, membrane-bound, adsorbed to other sol-
ids), the medium in which it is present (faeces, respiratory 
secretions, tissues, other liquids or solids, air), and particu-
larly the prevailing environmental conditions (temperature, 
pH, organic matter, particulates, salt concentration, protec-
tive ions, proteolytic enzymes, antiviral microbial activity, 
and light). All these parameters seriously influence the 
virus survival.

The high frequency and persistence of these human 
astroviruses observed and detected in the treated wastewater 
could be related concurrently to the initial high number (the 
dominance) of this kind of virus in the raw wastewater, and 
to its resistance to the treatment used in this study.

These results indicate the poor sanitary quality of 
treated wastewater at the release of these two procedures 
for recycling and reuse in agriculture. These findings docu-
ment for the first time in Tunisia that has reported the inef-
fectiveness of biological treatment for human astroviruses 
removal from wastewater treatment plant. In the same 
manner, an Egyptian environmental study has identified 
a high resistance of human astroviruses in the activated 
sludge process in three different sewage treatment plants 
[31]. Conversely, two other environmental studies in Brazil 
and in Italy pointed out the biological treatment effective-
ness in removing human astroviruses by two activated 
sludge procedures [32,39]. The resistance of human astrovi-
ruses to the biological wastewater treatment adopted in this 
study and its persistence in treated wastewater indicated 
that these biological procedures tested were not efficient 
to eliminate human astroviruses. This result confirmed the 
principal role of water, especially wastewater, in the trans-
mission and dissemination of HAstVs by drinking polluted 
water. This is a major public health concern. Innovative 
and improved existing treatment processes are required. 
Our method could be successfully applied in assessing new 
treatment procedures to decrease the viral load specifically 
by various techniques of water disinfection. It could also 

guarantee the prevalence lessening of human astroviruses 
in the effluent of treatment plants and different receiving 
water bodies.

Furthermore, the appearance of the studied virus was 
detected, especially when the wastewater possessed an alka-
line pH extended from 7.6 to 8.6 and the ambient tempera-
tures ranged from 10°C to 25.7°C. Thereby, a noticeable peak 
was observed in the cold seasons. Indeed, important frequen-
cies were recorded in the winter (11% in December) and in 
the spring seasons (12% in April, 8% in May). 

A clear difference was observed during the monthly cir-
culation of the human astroviruses frequencies in the two 
treatment methods: natural oxidizing lagoons, also called 
stabilization lagoons or ponds and rotating biological disks 
(P < 0.05; Fig. 3; Table 1).

The studied virus was found, during the three average 
temperature seasons such as winter, autumn and spring 
periods with low frequencies in the first two lagoons B1 and 
B2 of natural oxidizing lagoon procedures (2% in December 
and in November in B1; 1% in February, March, April, May 
and October in B2; Table 1). However, human astroviruses 
were detected with important frequencies in winter and in 
the spring seasons, in the three other lagoon basins (B3, B4, 
B5) and at the exit of the rotating biological disks (D) (3% in 
December and 4% in April in B5; Table 1). Results in Table 1 
mirrored an important difference in the human astroviruses 
frequencies over the different seasons only in the lagoon B5 
of the natural oxidizing lagoon process. In contrast, no sig-
nificant difference in the human astroviruses monthly circu-
lation was observed in the four other lagoons (B1, B2, B3, B4) 
and at the exit of the rotating biological disks line (P ≤ 0. 05; 
Table 1).

Amongst the main results of this study, the high preva-
lence of human astroviruses had been observed during the 
winter and spring seasons, and the lowest one was observed 
in summer and autumn, that is, June, August, October and 
November. Similarly, a peak of human astroviruses detec-
tion was observed in the cold months in sewage samples 
discharged directly into the Uruguay River [6,12]. In discor-
dance with these last results, human astroviruses were iden-
tified in wastewater of three treatment plants during the four 
seasonal campaigns (winter, spring, summer and autumn) 
in Italy by Anastasi et al. [31]. Similar results on the human 
astroviruses occurrence in environmental water samples are 
confirmed by data of Sdiri-Loulizi et al. [5] who reported a 

Fig. 3. Monthly variation of the frequencies of human astrovi-
ruses in the two wastewater treatment procedures.
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continual human astroviruses infection during the year in the 
Tunisian population. The prevalence of human astroviruses 
infection is seasonal. Human astroviruses are mostly prev-
alent in winter in temperate regions [40], but in the tropics, 
they are predominant in the rainy season [41]. The presence 
of human astroviruses in the cold seasons was explained by 
the effect of temperature on the virus survival in the differ-
ent types of water. In fact, the viral inactivation was faster in 
warm seasons (summer and fall) when the water tempera-
ture is very important. 

On the other hand, the results of the physicochemical and 
bacteriological characteristics in the different lagoon basins 
from the natural oxidizing lagoon process and at the exit 
of the rotating biological disk procedure were presented in 
Table 2. In our survey, we simultaneously analysed different 
bacteriological parameters in the two treatment procedures 
(lagoon/pond basins: B1 to B5 and biodisks). Regarding 
lagoon/pond basin procedures, results demonstrated poor 
physicochemical quality and good bacteriological quality of 
processed water. Inversely, for biodisks procedures, results 
indicated an excellent physicochemical quality and a bad 
bacteriological quality of processed water. Similar effects 
were previously identified in other Tunisian studies [16–18]. 
Indeed, the cited work showed better efficiency to remove 
main physicochemical pollutants of water and secured effi-
ciency of removing pathogens by natural oxidizing lagoon 
procedures. Opposite results were found with the rotating 
biological disk procedure, according to the same survey.

Finally, the molecular typing of human astroviruses 
strains was conducted on all positive wastewater samples, but 
only the genotype of seven samples was studied. Fig. 4 pre-
sented the phylogenetic tree comparing the Tunisian human 
astroviruses strains with the other human astroviruses 
sequences available in GenBank. The dendrogram showed 
seven viral genotypes and pointed that six Tunisian strains 
(HAstVTUN1 to HAstVTUN6) belonged to genotype 1 and 
only one Tunisian strain (HAstVTUN7) belonged to gen-
otype 6 (Fig. 4). The Blast database of the National Centre 
for Biotechnology Information (NCBI) was used to identify 
the Tunisian strain by comparison with the closest sequences 

deposited in GenBank. The phylogenetic tree in Fig. 5 shows 
the relationship between 64 international sequences of the 
GenBank Database and the Tunisian strains (Fig. 5). Thereby, 
the phylogenetic tree illustrated that Tunisian strains were 
included in two clusters.

The six Tunisian strains revealed in this study 
(HAstVTUN1 to HAstVTUN6) and belonging to gen-
otype 1 showed a similar nucleotide sequence of 100% 
with the reference strains JN799267, JN799266, KF156804, 
JF929185, JX083274, JN799271, KC285161 and JF491425. The 
Tunisian strain (HAstVTUN7) represented a similar nucle-
otide sequence of 98%–100% with the reference strains iso-
lated from faecal samples, such as FJ755390 in China [5], 
GQ901902 in Russia, KF420154 in Bangladesh [11], KC896119 
and KC896117 in Pakistan [42], AF292077 in South Africa 
[43], Z46658 in Oxford region [44], L38507 [22], DQ917382 
in Brazil [45] and from surface waters such as HM209123 in 
Singapore [32] (Fig. 4).

In fact, the two Tunisian strains, HAstVTUN1 and 
HAstVTUN2, were clustered together in the same cluster and 
were close to the strain KC285184 isolated in Russia. These 
last two Tunisian strains HAstVTUN3 and HAstVTUN4 
appeared very similar and they are grouped in the same 
cluster with the two other Tunisian strains HAstVTUN5 and 
HAstVTUN6 included within the majority of international 
sequences determined in Brazil and in Russia. In Brazil, 
these sequences were found in faecal samples (JQ260760, 
JQ260759) and in sewage samples (JN799266, JN799267 
and JN799271) [34,46]. In addition, in Russia, the sequences 
JX083274, KC285161, JN203051, JF491425 and JF929185 were 
noticed in faecal samples [47] (Fig. 5).

In the present environmental study, two genotypes 
(HAstV-1 and HAstV-6) of HAstV were identified in waste-
water samples showing the predominance of genotype 1 
(n = 6). In a previous Tunisian clinical study conducted by 
Sdiri-Loulizi et al. [5] reported the detection of two geno-
types (HAstV-1 and HAstV-3). In addition, the HAstV-1 gen-
otype was recognized as the most frequent one in Tunisia. 
Consequently, these data obtained in the present work indi-
cated the detection of HAstV-6 genotype for the first time 

Table 2
The results of physicochemical and bacteriological parameters obtained at the exit of natural oxidizing lagoons and rotating biodisks

Parameters/values Natural oxidizing lagoons (B1–B5) P (%) Rotating biodisks (D) P (%)
Minimum Maximum Minimum Maximum

pH 7.6 8.6 7.6 8.6
Temperature 10 25.7 10 25.7
EC (S/cm) 1,720 1,350 – 1.4 1.7 99
SS (mg/L) 58 60 64 26 40 –
COD (mgO2/L) 155 240 60 105 140 62
BOD5 (mg/L) 90 170 68 30 50 85
N–NH4 (mg/L) 18 26 52 8.5 19 70
P–PO4 (mg/L) 17 32 – 11 17 60
FS (NPP/100 mL) 1.6 × 104 1.6 × 106 >99.9 3.2 × 105 5.6 × 106 >90
FC (NPP/100 mL) 3.9 × 103 2.5 × 105 6 × 104 6 × 105

Min: minimum values; Max: maximum values; EC: electrical conductivity; BOD5: biological oxygen demand; COD: chemical oxygen demand; 
SS: suspended solids; NH4–N: ammonium nitrogen; P–PO4: ortho-phosphate; FS: faecal Streptococci; FC: faecal coliforms; P: performance of 
treatment; –: not detected.
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in Tunisia and confirmed the predominance of HAstV-1 in 
wastewater sampled in the area of study. Additionally, the 
two genotypes (HAstV-1 and HAstV-6) of human astrovi-
ruses showed a high resistance to two biological procedures 
of treatment represented by natural lagoon and biodisks line. 
Therefore, this work exemplifies the first work to investigate 
the genetic constitution and the epidemiology of human 
astroviruses via sewage surveillance in Tunisia. The main 
results obtained were in concordance with those reported 
in a previous environmental study in Egypt, presenting the 
emergence of HAstV-6 and HAstV-7 genotypes in the region 
and the resistance of these genotypes of human astroviruses 
to secondary and tertiary treatments [30]. In addition, it has 
been observed that human astroviruses type 1 was the pre-
dominant genotype in wastewater samples in Hungary, in 
Singapore and in Uruguay [8,12,32]. Moreover, other human 
astroviruses types were brought out in wastewater samples 
such as HAstV-1, HAstV-2, HAstV-4 and HAstV-5 revealing 
the predominance of HAstV-1 and HAstV-5 in China [12]. 
In a recent survey, four cases of classic human astroviruses 
(HAstV-1, HAstV-2, HAstV-5 and HAstV-4/-8) were detected 
in sewage samples in Japan [35]. This study constitutes 
the first report in Tunisia that describes the phylogenetic 

diversity and genotype distribution of human astroviruses 
strains circulating in the Tunis region, showing a high fre-
quency and the appearance of new genotypes (HAstV-6) in 
the country.

4. Conclusion

This work showed the first detection of human astrovi-
ruses in hospital wastewater samples directly sampled in a 
plant for semi-industrial wastewater treatment. This plant 
located in a residential area and irrigated with wastewater 
originating amongst others from three neighbouring clin-
ics. The molecular characterization of human astroviruses 
showed the predominance of HAstV-1 genotype and the 
identification of HAstV-6 genotype in the region of Tunis 
City, Tunisia for the first time. Therefore, this work presents 
the first documentation in Tunisia showing the high resis-
tance of HAstV-1 and HAstV-6 genotypes to two different 
biological treatments. This work proved the ineffectiveness 
of the two biological and secondary treatment procedures 
recommended in this field such as natural oxidizing lagoons 
and rotating biodisks, for the human astroviruses removal. 
Thus, tertiary treatment, for example, by using the UV-C254 

Fig. 4. Phylogenetic trees of human astroviruses based on comparison of sequences in the ORF2 from the seven viral strains isolated 
in Tunisia and some published nucleotide sequences in GenBank of different genotype of astroviruses. The tree was constructed using 
neighbour-joining method. Numbers on the branches show bootstrap statistical analysis values (100 replicates). Tunisian sequences 
reported in the present study are in bold italic.
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irradiation could be and might be required for the removal of 
enteric viruses such as human astroviruses [48].
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