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Abstract  
 

One-year surveillance for enteric viruses in raw sewage, treated water and groundwater near of near effluents from the 

wastewater treatment plant (WWTPs) of Errachidia, Morocco from March 2018 to April 2019. samples were carried out 

in 1-liter bottles sterile propylene at the levels of raw water, treated water, and effluent water at several points and well 

water. Virus concentration was performed according to an end point filtration on cellulose nitrate filter of 0.2µm pore. A 

total of 108 was screened for Enterovirus (EV), Rotavirus (RV), Norovirus (NoV) and Hepatitis A (HAV) using a real 

time RT-PCR technique. The study shows a persistence of the contamination of the treated water, effluents and 

groundwater by EV, NoV and RV. Contrariwise, no HAV was detected in any sample performed during the study period. 

Detection rate for EV ranged from 100% for surface water to 50% for groundwater. For NoV detection rate ranged from 

100% to 33% for surface and groundwater respectively while RV was detected in 8% to 42% in surface water and 0% to 

8% in groundwater. These results suggest that enteric virus contamination of wadi Ziz negatively impact on their 

microbiological quality since they are used for irrigation and drinking intake, which exposes the population of the region 

to constant risk of acute gastroenteritis, especially in children. 
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INTRODUCTION 
Global warming and population increase are 

major causes of water resource scarcity. This situation 

is accentuated in countries with water stress particularly 

in arid area like Errachidia region in Morocco. The use 

of unconventional water resources such as treated 

wastewater is a very important alternative for these 

regions. However, the use of wastewater will pose a 

risk of virus pollution of the environment and 

subsequent affects viral transmission [2]. Indeed, the 

discharge of insufficiently treated wastewater effluent is 

the most common source of pathogenic enteric viruses 

in aquatic environments [3]. More than 150 types of 

enteric viruses are eliminated in human stools and urine 

and are responsible for several diseases, especially non-

bacterial gastroenteritis [4, 5]. Human Enterovirus 

(HE), Rotaviruses (RV), Norovirus (NoV) and Hepatitis 

A (HAV) viruses are among the most sought-after 

viruses in raw and treated wastewater [9, 10]. These 

viruses are highly resistant in the outdoor environment, 

can persist in purification treatments, and then be found 

in surface waters, coastal waters or food [6, 7]. On the 

other hand, documenting viral prevalence and diversity 

in sewage may be a useful method for monitoring 

viruses circulating in the community [8]. In morocco, 

only one published study [7] was performed to monitor 

the presence of enteroviruses and adenoviruses in 

treated wastewater in humid region. However, there is 

no data concerning arid regions or other enteric viruses. 

Thus, in this work we investigated the presence of four 

major pathogenic group of enteric viruses: HEV, RV, 

NoV, HAV in treated wastewater and in groundwater 

near effluents from the wastewater treatment plant 

(WWTPs) of Errachidia city.  
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MATERIALS AND METHODS 
The Errachidia WWTPs operates according to 

a protocol of aerated lagoons. It is located three 

kilometers south-east of the city; Its GPS coordinates 

are N 32 ° 1 '57.099' 'W 4 ° 2' 14.912 ''. The station is 

designed to receive a nominal flow rate of 7520 m3/ 

day by 2020. It comprises 10 basins and rejects the 

treated water in the Ziz wadi bed. Bacteriological 

quality of treated water complies with agricultural reuse 

[11] but no studies on virus contamination have been 

conducted. 

 

SAMPLES  

During the study period (March 2018 to April 

2019), 12 samples of raw sewage were collected at the 

entrance to the WWTPs (1 samples / month) and 12 

samples of treated wastewater were collected at the 

water output of the station. An additional 3 sampling 

points were identified along the wadi Ziz at 200 (P1), 

2000(P2) and 5000m (P3) from the station's effluent 

outfall were a total of 36 samples were performed. To 

evaluate de viral contamination of groundwater, 48 

samples were collected from 4 wells (W1, W2, W3, 

W4) located near the effluent of the treatment plant 

(Figure-1). these are shallow wells (12-22m) and very 

influenced by the wadi ziz with fairly significant 

piezometic variations (±5m) depending on the flow of 

the wadi. 

 

All samples were collected in 1-liter sterile 

propylene bottles and quickly transported to the 

laboratory in an isothermal tank with cooling blocks.

 

 
Fig-1: The Errachidia WWTPs location and sampling points in the Ziz valley 

 

Virus Concentration 

Raw sewage samples were first clarified by 

centrifugation of 500 ml of wastewater at 1000 g for 5 

min at 4°C and supernatant was used. The 

concentration method used in our study was an 

adaptation of previously described dead-end 

ultrafiltration protocol [12-14]. Briefly, each sample of 

500 ml was filtered through a cellulose nitrate filter of 

0.2µm pore using the Sartolab® Vacuum Filtration 

Units from Sartorius®. If the filter becomes clogged 

before the complete passage of 500 ml, we have used 

up to 3 filters in particular for the wastewater samples. 

Filters were then stored at -80°C until analysis.  

 

Viral Nucleic Acids Extraction 

Each filter (or filter group) was divided 

aseptically on 2 sections. One of these was then inserted 

into a 2-ml screw-cap polypropylene tube containing 

200 mg of 106 µm glass beads and 1 ml of diluent 

buffer (Dulbecco’s PBS with 0.01% Tween 80 and 

0.001% antifoam A). The tube was vortexed for 5 min 

at a high-speed setting. Then the sample was 

centrifuged at 5000 g for 2 min at 4°C and supernatant 

was used for the extraction. Influenza A(H1N1)pdm09 

(INF) (strain (A/Rabat/HR1230/2010(H1N1) access 

number JX204762.1) was used as an external control to 

detect RT-PCR inhibitors in samples. Thus, 50µl of 

viral solution containing 100 TCID50 (Tissue Culture 

Infective Dose) was added to each sample before 

nucleic acid extraction. Viral nucleic acids extraction 

was performed using the GeneJET Viral DNA/RNA 

Purification Kit (Thermo Fisher Scientific, 

Massachusetts, USA) according to the manufacturer’s 

recommendations. 

 

VIRUS DETECTION METHODS 

One-step real-time RT-PCR was performed on 

Applied Biosystems™ 7500 Real-Time PCR Systems 

(Thermo Fisher Scientific, Massachusetts, USA) using 

SensiFAST™ Probe Lo-ROX One-Step Kit (Bioline, 
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Cincinnati, USA) with specific primers and probes 

previously reported for HEV, RV, NoV, HAV and INF 

(table 1). Real-time RT-PCR assays were carried out on 

duplex including Inf and an enteric virus at once. In a 

final volume of 20 µl, each reaction mixture contained 

10 µl of 2X SensiFAST Probe Lo-ROX One-Step Mix, 

final concentrations of 0.4 μM of each primer, 0.2 μM 

TaqMan of each probe, 0.2 µl of Reverse transcriptase 

enzyme, 0.4 µl of RiboSafe RNase Inhibitor, 1.8 µl of 

water PCR grade and 4 µl of template (sample extract, 

Positive/negative control). Real-time RT-PCR was 

performed under the following conditions: 10 min at 

45°C; 2 min at 95°C; and 40 cycles of 5 sec at 95°C and 

20 sec at 60°C. All samples where the external control 

(inf) has not been amplified were retested at a dilution 

of 1/10 and 1/100. 

 

Table-1: 

virus Primers and probes  SEQUENCE (5’-3’) Reference 

 EV-UTR-F ACATGGTGCGAAGAGTCTATTGAGCT   

EV EV-UTR-R CGACTACTTTGGGTGTCCGTGTTTC [15] 

 Probe FAM-TCCGGCCCCTGAATGCGGCTAAT-BHQ1  

 HAV68 F TCACCGCCGTTTGCCTAG  

HAV HAV240 R  GGAGAGCCCTGGAAGAAAG [16] 

 Probe FAM-CCTGAACCTGCAGGAATTAA-BHQ1  

 QNIF4 F CGCTGGATGCGNTTCCAT  

NoV G I NV1LCR R CCTTAGACGCCATCATCATTTAC [17] 

 Probe  FAM-TGGACAGGAGAYCGCRATCT-BHQ1  

 QNIF2 F  ATGTTCAGRTGGATGAGRTTCTCWGA  

NoV GII COG2R R  TCGACGCCATCTTCATTCACA [18] 

 Probe FAM-AGCACGTGGGAGGGCGATCG-TAMRA  

 JVK F CGATGGTTGATGCTCAAGATGGA  

RV JVK R TCATTGTAATCATATTGAATACCCA [19] 

 Probe FAM-ACAACTGCAGCTTCAAAAGAAGWGT-BHQ1  

 INF F CCMAGGTCGAAACGTAYGTTCTCTCTATC  

Inf INF R TGACAGRATYGGTCTTGTCTTTAGCCAYTCCA [20] 

 Probe VIC-ATYTCGGCTTTGAGGGGGCCTG-BHQ
1  

 

RESULTS 
RT-PCR 

Specific RT-PCR assays chows that HEV and 

NoV were the most detected virus in samples with 

100% of presence in the entrance and output of 

WWTPs with a persistence of detection in effluent and 

groundwater (table 2). RV was detected on 3 samples 

(25%) at the entrance of the WWTPs and 41% in 

effluent of de treated wastewater were positive for RV. 

Contrariwise no HAV was detected in our study. 

 

Concerning the effluent points, HEV were 

detected in all samples performed in the 3 points. The 

second prevalent viruses were NoV with a detection 

rate of 83%, 75% and 33% in P1, P2 and P3 

respectively. Finally, RV was the least detected virus in 

this samples with a prevalence of 41%, 17% and 8% in 

P1, P2 and P3 respectively.  

 

Viral research on groundwater reveals the 

presence of HEV in 58%, 50%, 67% and 100% of 

samples performed on W1, W2, W3 and W4 

respectively. For other viruses, detection rates were 8% 

,8%,16% and 83% for NoV and 0%,8%,0%,67% for 

RV in W1, W2, W3 and W4 respectively. 

 

As regards the distribution of positive samples 

according to the sampling season, we found that there 

was a season effect for the detection of enteric viruses, 

particularly at the points P1, P2 and P3. in fact, most of 

the positive results were detected on samples taken on 

cold season and when the river Ziz was dry and only the 

effluents from the treatment WWTPs were flowing. 

 

As for the wells, the positive samples were 

detected mainly when the water table was at its lowest 

genotyping of the NoV strains showed that the vast 

majority of strains detected belonged to NoV GII with 

84% of the positive samples. NoV GI was detected in 

only 4% of samples while 12% of samples were 

positive for both NoV GI-GII. 

 
Table-2: The number of positive samples according to the sampling points (12 samples were performed for each point) 

Virus Entrance of WWTPs Output of WWTPs P1 

50 m 

P2 

250m 

P3 

500m 

W1 W2 W3 W4 

HEV 12 12 12 12 12 7 6 8 12 

RV 3 5 5 2 1 0 1 0 8 

NoV 12 12 10 9 4 1 1 2 10 

HAV 0 0 0 0 0 0 0 0 0 
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DISCUSSION 
The aim of this study was to detect the 

presence of principal enteric viruses before and after 

disinfection processes of Errachidia’s WWTPs and to 

evaluate environment contaminations by the final 

effluent. The results obtained show that ENV and NoV 

and, on a smaller scale, RT were very abundant in the 

station's effluents. This is a normal result insofar as that 

Errachidia’s WWTPs does not include viral disinfection 

steps in its treatment process based on aerated lagoons. 

Even if most of the sanitizing treatments (chlorination, 

filtration, UV radiation) implemented throughout the 

world do not allow total elimination of enteric viruses, 

they nevertheless allow a significant reduction in the 

vial load at the level of effluents discharged into the 

environment [21-24]. Thus, the results obtained are 

consistent with the literature concerning the samples 

performed at the output of WWTPs especially for EV 

and NoV with 100% detection. Concerning the RV, we 

obtained detection rates of 42% at WWTPs output 

which was higher than that recorded at the entrance 

25%. This result is probably due to the difficulty of 

concentrating RVs from raw wastewater very loaded 

with organic materials.  

 

The absence of HAV detection is most likely 

related to the absence of hepatitis A epidemic during 

the sample collection period. Indeed, the detection of 

HAV in water is quite rare if the samples are not taken 

during or immediately after hepatitis A epidemics [25, 

26]. In addition, it should be remembered that the HAV 

has a very low concentration efficiency which allows 

the detection of its presence only during very high 

concentrations [27]. 

 

Concerning the sampling points along the wadi 

ziz, we note that all the samples were positive for EV. 

These results indicate that the viral load deflected by 

the effluents of the station is so high that neither the 

effect of the dilution nor the sanitizing effect of the 

sun's rays allowed a significant reduction in the 

presence of EV. Quantitative studies should make it 

possible to better assess the impact of these factors in 

reducing the amount of virus at each point. 

 

For NoV, we noticed that the detection rate 

decreases according to a gradient of the distance from 

the point of discharge of the effluents of the station. 

These results could indicate that the viral load of Nov is 

low enough to be reduced by dilution in river water or 

other inactivating factors of the virus such as 

temperature or sunlight [28]. Concerning RV, the 

detection rate is lower than the previous viruses, but 

also with a gradient of distance from the point of 

effluent discharge. This result may also be due to the 

epidemic nature of rotavirus infections which 

concentrates the viral load mainly during cold seasons 

[29]. in fact, most (76%) of the positive samples for the 

RV were carried out during the months of November-

March which shows that it is the virus most influenced 

by the season. 

 

The second part of the study concerning the 

contamination of the water table through the evaluation 

of the contamination of 4 wells waters in the region. 

The interest of this study is due to the great influence 

that surface water has on the groundwater exploited 

through these wells. In fact, the constitution of the 

region soils is dominated by a sandy loam subsoil 

facilitating the infiltration of surface water. This is very 

visible in the results of the analyzes of wells W1, W2, 

and W3 where we noticed that the contamination of the 

water produced is correlated with the contamination of 

the surface points with a decrease in this contamination 

by moving away from the spill points of the WWTPs. 

thus, EV contamination is the most frequent with some 

detection of NoV and RV (Table-2).  

 

The W4 well is a special case for which we 

noted a strong contamination by all enteric viruses. 

These results are probably related to the position of the 

well, which is located in a small village witch not have 

sanitation network and has recourse to septic tanks. It is 

probably the origin of the independent contamination of 

the WWTPs through the infiltration of water polluting 

in the water table. 

 

CONCLUSION 
This study provides the first findings on 

molecular detection of several enteric viruses on the 

effluents of a wastewater treatment plants in arid region 

of Morocco. The results obtained show that the water 

poured into the wadi Ziz is mainly contaminated by EV, 

NoV and RV. This contamination is also found in the 

groundwater table. This finding Suggest that the 

populations living on the riverside are exposed by water 

consumption, contaminated vegetables or recreational 

activities to gastrointestinal infections and diseases 

specially for children. 
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