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Abstract: Norovirus caused an epidemic gastroenteritis in humans. It can be transmitted by the fecal-
oral and the aerosol route. Norovirus represent a most common cause of acute gastroenteritis which 
responsible about 42%-96% of nonbacterial gastroenteritis worldwide. Current study aims to detect a 
norovirus in Jeddah wastewater. A total one hundred of wastewater samples were collected from outlet 
of Al-Misk Lake east of Jeddah city over a period of fourteen months from January 2009 to February 
2010. All samples were filtered and virus concentrated and screened for GII human. A molecular in-
house detection was performed using nRT-PCR. The most conserved regions; N32, N33, N35 and N36 
were used for primers design. Of 19 positive samples were signaled a band of 338bp. In conclusion, 
this study revealed that the norovirus was frequently present in Jeddah wastewater, which should be 
alert to do not use this water in land irrigation. 
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INTRODUCTION 
 

 Water virology started around half a century ago, with scientists attempting to detect poliovirus in water 
samples. Since that time, other enteric viruses responsible for gastroenteritis such as: rotaviruses (RVs), 
Adenoviruses (AVs), Hepatitis A viruses (HAVs) and Noroviruses (NVs) have replaced enteroviruses as the 
main target for detection in the water environment (Bosch, 1998 and Redwan, et. al. 2008). NV is recognized as 
the second most common cause of infectious nonbacterial gastroenteritis among persons of all ages (Kamel et 
al., 2009 and Widdowson et al., 2005). NVs have frequently been associated with gastroenteritis in the elderly 
were between 70 and 90 years of age, especially those living in institutional settings such as nursing homes 
(Hedlund et al., 2000 and Dedman et al., 1998). Also, NVs are shed into stool samples of children <10 years of 
age with diarrhea (Soares et al., 2007). Infections with NVs may lead to death in immunocompromised persons 
(Widdowson et al., 2005). 
 Rivers water has been frequently and inevitably contaminated with human enteric viruses via the discharge 
of untreated domestic and industrial wastewater. The presence of enteric viruses in aquatic environments is an 
emerging issue because the viral infection can be caused by ingestion even at low concentrations (Keswick et 
al., 1985, Lee et al 2011). Norovirus is a cause of epidemic acute gastroenteritis. This virus belongs to a single-
stranded RNA virus which has been classified as belonging to the family Caliciviridae. It has been reported that 
cases of norovirus outbreaks unexpectedly increased in Europe and the United States during the winter season of 
2002–2008 (Kamel et al., 2009). NVs in the environmental condition are stable and can survive under power of 
hydrogen (pH, 3-10) for prolong time at low temperatures. Viruses have been detected from water such as: 
seawater, freshwater, wastewater, food and soil (Fong and Lipp, 2005 and Green et al., 1998). 
 Since no cell culture technique is as yet adequate for detection of human noroviruses, and beyond, the 
classical viral detection methods, the DNA based method, namely reverse transcription-nested PCR (RT nested 
PCR), is used for sensitive detection. Recently, RT-PCR has been successfully used for enteric virus detection in 
shellfish and water samples (Suñén and Sobsey, 1999). This method has various types; Nested RT-PCR (nRT-
PCR) is one of highly specific and sensitive assay to use in noroviruses detection (Tong et al., 2011), which will 
harness in current study.  
 The current study aims to determine the incidence of NVs in wastewater of Jeddah city and to depict the 
seasonal variation of the NVs load.  
 

MATERIALS AND METHODS 
 
Wastewater Samples Collection: 
 A total of one hundred wastewater samples, 2 Liters each, were collected in plastic gallons from the outlet 
(Fig. 1) of the wastewater lake (previously called Al-Misk Lake) at the east of Jeddah city, Saudi Arabia. Two 
samples were collected weekly in two different days from different outlet. Samples were collected over a period 
of fourteen months starting in January 2009 to February 2010.  
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Fig. 1: Geographic location of wastewater receiving site at  AL-Misk Lake, Jeddah, Saudi Arabia. 
 
Concentrating And Re-Concentrating Viruses From Wastewater Samples:  
 Viruses were recovered from the collected wastewater samples using modified Adsorption-Elution 
technique according to Katzenelson et al., 1976. Each wastewater sample was first clarified to remove large 
particles and then passed through two layers of filter membranes. The first was the Whatman filter paper; the 
second was 0.45 µm nitrocellulose membrane. The adsorbed viral particles were eluted from nitrocellulose 
membrane by adding 70 ml of 3% B.E. (3% Beef Extract) pH 9.5. The 70 ml eluate was re-concentrated by 
organic flocculation method as follows. The pH of the eluate was adjusted to pH 3.5 with HCl, then mixed at 
room temperature for 30 min. The product was centrifuged by the ultracentrifugation system at 1680xg for 15 
min at 4°C. The pellet was suspended in 4 ml of (0.45N) Na2HPO4 7.5 pH, then the samples were concentrated 
followed by storage at -20 �C until use. 
 
Detection Of HNV Gene:  
Extraction Of Hnvs RNA From Concentrated Sample: 
 Viral RNA in the concentrated wastewater samples were extracted using the QIAamp® Viral RNA Mini 
Kit, according to the manufacturer’s instructions. The resulting RNA concentrate was stored at -80 �C until 
used. 
 
Detection Of HNV By Nrt-PCR: 
 NRT-PCR amplification reactions were performed using the QIAGEN® One step RT-PCR Kit; a method 
was done according to Schreier et al. (2000). The reaction mixture 1 was prepared. The reaction was carried out 
with an initial RT step at 42˚C for 1 h, followed by PCR activation at 95˚C for 15 min for a hot star and initial 
denaturation step. 35 cycles of amplification, 94˚C for 30 s for denaturation, 42oC for 30 s for annealing, 72oC 
for 45 s for extension and a final extension at  72oC for 5 min for first round. PCR products were then prepared 
to the second round PCR that carried out with the same above program. A positive and a negative control were 
included in every run. 
 
Visualization Of Nrt-PCR Product: 
 The final nRT-PCR product (338 bp fragment of the VP60 gene) were separated by 2% agarose gel 
electrophoresis at 70 voltage, stained with ethedium bromide (0.5 µg/ml) for 30-45min.  The resolved bands 
were visualized under ultra violet-transilluminator light (Schreier et al., 2000) on the gel documentation system 
and bands were analyzed in comparison to the 100 bp DNA ladder and positive control (Norovirus NV-GII was 
kindly gifted of Dr. Marina Höhne, Robert Koch Institute, Berlin, Germany), which was previously identified 
cited in GeneBank under accession # AB039777). 
 
Results: 
Screening Of Hnv Genome From Wastewater Samples: 
 A total of 100 wastewater samples were collected during 28 January 2009 to 25 February 2010 from two 
outlets of Al-Misk Lake. All samples were investigated for the presence of NV using molecular technique. 
Amplification of HNV genome was carried out using nRT-PCR and specific primers. nRT-PCR product (338bp 
DNA fragment) was analysis in agarose electrophoresis. Results were confirmed by using reference sample of 
NV-GII as positive control, which is proceeded through extraction using QIA gene kit and in parallel with the 
DNA ladder included in each nRT-PCR. NV was detected in 19 samples (1, 10, 23, 24, 42, 48, 56, 57, 58, 65, 
72, 73, 79, 80, 82, 87, 88, 90 and 98) as depicted in Fig. (2a and 2b).  
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Fig. 2 (a&b): Agarose gel (2%) showing the positive samples of the nRT-PCR products with 338 bp fragment 

length on the gel electrophoresis. Ladder 1Kbp ladder, PC (Positive control, stool sample 
contained NV GII as positive control, which is proceeded through extraction using QIA gene kit 
and in parallel with the DNA ladder included in each nRT-PCR). 19 Positive samples (1, 10, 23, 
24, 42, 48, 56, 57, 58, 65, 72, 73, 79, 80, 82, 87, 88, 90 and 98). 

  
Seasonality Of NV Infection: 
 The result of this study revealed that the norovirus is present in the wastewater of Al-Misk Lake. 
Accordingly, the date collected for the positive samples are distributed as follows; four positive samples were 
collected in January, one sample was collected in February, one sample was collected in March, two samples 
collected in April, one sample was collected in June, one sample was collected in July, three samples were 
collected in August, one samples was collected in September, two samples were collected in October, one 
sample collected in November, two samples were collected in December. These data demonstrate that the NV 
could be distributed in winter and summer months as well throughout the year off  2009 (Fig. 3). 
 

 
 
Fig. 3: Positive samples of Norovirus distributed in wastewater collected over January 2009 to February 2010, 

each point represent a triplicate experiment. 
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Discussion: 
 Enteric viruses may be present naturally in aquatic environments and can be transported in the environment 
through groundwater, seawater, aerosols emitted from sewage treatment plants, insufficiently treated water and 
private wells that receive treated or untreated wastewater either directly or indirectly (Fong and Lipp, 2005). 
Since NV is mainly waterborne viruses and the infectious dose has been reported to be low (Jothikumar et al., 
2005), methods proposed for detection of viruses from water generally imply two steps: a viral concentration 
procedure by membrane filtration, followed by a secondary concentration step, and a detection step using RT-
PCR, especially for NVs that unable to multiply in cell cultures (Gassilloud et al., 2007). 
 A good concentration method should fulfill several requirements: it should be technically simple, fast, 
provide high virus recoveries, be adequate for a wide range of enteric viruses, provide a small volume of 
concentrate, and be inexpensive (Bosch et al., 2008), but with a large volume of water the second step becomes 
necessary (Katzenelson et al., 1976). The ideal method for virus concentration from water should be capable of 
processing large volumes of a variety of waters in the least possible time, sensitive enough to concentrate most 
types of viruses known to be present in water and wastewater, easy to perform and economical to use, and able 
to detect viral aggregates and viruses adsorbed to suspended solids (Gerba and Goyal, 1982). 
 Adsorption-elution of viruses with an electropositive filter is one of the most commonly used techniques 
and is the method for recovery of enteric viruses from water. Under ambient conditions, enteric viruses are 
negatively charged and will adsorb to a positively charged membrane under acidic conditions. In addition, as a 
second concentration method an organic flocculation method commonly used 3% beef extract with high pH (pH 
9.5) is the most widely used to elute absorbed viruses from filters and gives a high viral recovery. In organic 
flocculation, buffered beef extract is used to precipitate viruses from concentrated samples by lowering pH of a 
protein solution to 3.5 (Fong and Lipp, 2005; Lakhe and Paunikar, 2002 and Katzenelson et al., 1976).  
 Based on NV genetic divergence in regions of the RdRp and VP60 (Hardy, 2005 and Boga et al., 2004), the 
primers for NV were chosen to amplify sequence of a 338 bp which represent? RdRp and the major capsid 
protein (VP60) (Boga et al., 2004) coding gene corresponding to nucleotides 4226-4707 for first round using 
NV 32 and NV 36 primers and 338 bp fragment in the position 4280-4617 for the second round using NV 35 
and NV 33 primers in the same region Norwalk virus genome strain (accession number X86557) (Schmid et al., 
2004; Oh et al., 2003 and Schreier et al., 2000). 
 Today, RT-PCR technique has become the standard for diagnosis of NV infection worldwide; among the 
problems with traditional RT-PCR has been the inability to enumerate viruses (Jothikumar et al., 2005). 
Recently, most reported conventional RT-PCR assays have been modified, because it is unable to detect all 
NVs, to increase specificity, sensitivity and efficiency (Fong and Lipp, 2005 and O'Neill et al., 2002). 
 NRT-PCR assays, with the use of an internal primer or primer set, have been successfully employed for 
amplification of low levels of virus found in naturally contaminated food and water (O'Neill et al., 2001; Oh et 
al., 2003 and Schreier et al., 2000). This method is one of highly specific and sensitive assays. I used this 
technique in this study, to detect NV from wastewater samples.   
 In this study, NV was screened in wastewater collected from the outlet of the wastewater Lake of Jeddah 
city. HNV was detected in 19 out of 100 (19%) wastewater samples by using nRT-PCR. Our results were 
concordant with Pusch et al. (2005) who recorded 44%, 53%, 15% and 18% of positive NV samples in German 
mining lake wastewater samples by using nRT-PCR technique. Moreover, nRT-PCR was the essential technique 
for detection NVs from stool samples in several studies, O'Neill et al. (2002) has been detected NVs in 17 
(16.8%) of 101 stool samples. Also, Oh et al., 2003 results revealed 70 (32%) of 217 stool samples were 
positive. In addition, NVs was detected in 26 (50%) of 52 stool samples (Schmid et al., 2004) and detected in 16 
(18.8%) of 85 stool samples (Medici et al., 2005). Zahorsky (1929) suggested the first described of NVs 
characterized by the winter vomiting disease. Also, a review of 12 studies from 1978 to 1998 around the world 
showed that NVs was seen during winter months in 10 surveys (Mounts et al., 2000), which clearly demonstrate 
that the NVs infection distribution is not restricted on a specific time and/or environmental factors (Steyera et 
al., 2011). While, Lopman et al. (2003) b in his study conducted that NVs infection exclusively have wintertime 
seasonality. Also, in local studies in Saudi Arabia, during the winter season of the years 2004 and 2005 a study 
at Al-Qassim shown that 13 (9.2%) of 142 stool samples were belonged to NV (Meqdam and Thwiny, 2007). 
On the other hand, current results are agreed with previous study (Tayeb et al., 2008), which estimated of 9 
(3.5%) out 253 stool samples were positive for NVs. 
 
Conclusions: 
 HNVs are one of the most common etiologic agents causing acute nonbacterial gastroenteritis worldwide. 
This study showed that NV presents in 19% of wastewater samples collected from Wastewater Lake in Jeddah 
city and throughout the years 2009- 2010. In addition, HNV could appear in winter and summer months 
throughout the year off 2009. 
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Recommendations: 
 Our study highly recommends treating wastewater using sufficient methods to avoid underground water 
sources contamination. Also, community education about NV infection has been recommended, especially at 
nursing homes to protect ourselves from infections. Consumer education is useful to reduce consumption of 
illegally harvested, and to increase awareness of the hazards associated with eating raw foods. Fresh fruits and 
vegetables may also be contaminated with NVs during production or processing prior to distribution. 
Contaminated irrigation water or wash water can transfer NVs to fresh products, and surrogate viruses have 
been shown to attach and persist on fruit and vegetable surfaces. Finally, Ministry of Health has to enroll the 
NVs diagnosis in parallel to the other enteric viruses detection, because there is no vaccine available until now, 
and the virus was detected especially in acute gastroenteritis infections of all age groups. However, substantial 
outbreaks continually occur in developed as well as developing countries. The produce-related illnesses cost 
United States up to $39 billion annually (Lee et al., 2011, Steyera et al 2011). 
 

ACKNOWLEDGMENTS 
 
 The authors thank King Abdelaziz City for Science and Technology (KACST) for supporting this research. 
 

REFENCES 
 
Boga, J., S. MelÓn, I. Nicieza, I. de Diego, M. Villar, F. Parra and M. de Oña, 2004. Etiology of sporadic 

cases of pediatric acute gastroenteritis in Asturias, Spain, and genotyping and characterization of norovirus 
strains involved. Journal of Clinical Microbiology, 42: 2668-2674. 

Bosch, A., 1998. Human enteric viruses in the water environment: a minireview. Internatl Microbiol, 1: 
191-196. 

Bosch, A., S. Guix, D. Sano and R. PintÓ, 2008. New tools for the study and direct surveillance of viral 
pathogens in water. Current Opining in Biotechnology, 19.  

Dedman, D., H. Laurichesse, E. Caul and P. Wall, 1998. Surveillance of small round structured virus 
(SRSV) infection in England and Wales, 1990–5. Epidemiol Infect., 121: 139-149. 

Fong, T. and E. Lipp, 2005. Enteric viruses of humans and animals in aquatic environments: Health risks, 
detection and potential water quality assessment tools. Microbiology and Molecular Biology Reviews, vol., 69: 
357-371. 

Gassilloud, B., L. Huguet, A. Maul and C. Gantzer, 2007. Development of a viral concentration method for 
bottled water stored in hydrophobic support. Journal of Virological Methods, 142: 98-104. 

Gerba, C.P. and S.M. Goyal, 1982. Methods in environmental virology, New York and Basel, Marcel 
dekker, INC, Ch.4-5. 

Green, J., P. Wright, C. Gallimore, O. Mitchell, P. Morgan-Capner and D. Brown, 1998. The role of 
environmental contamination with small round structured viruses in a hospital outbreak investigated by reverse-
transcriptase polymerase chain reaction assay. Journal of Hospital Infection, 39: 39-45. 

Häfliger, D., Ph. Hübner and J. Lüthy, 2000. Outbreak of viral gastroenteritis due to sewage-contaminated 
drinking water. International Journal of Food Microbiology, 54: 123-126. 

Hardy, M., 2005. Norovirus protein structure and function: mini review. FEMS Microbiology Letter, 253: 
1-8. 

Hedlund, K., E. Rubilar-Abreu and L. Svensson, 2000. Epidemiology of calicivirus infections in Sweden, 
1994-1998. Journal of Infectious Diseases, 181: S275-S280. 

Jothikumar, N., J. Lowther, K. Henshilwood, D. Lees, V. Hill and J. Vinje, 2005. Rapid and sensitive 
detection of noroviruses by using TaqMan-based one-step reverse transcription-PCR assays and application to 
naturally contaminated shellfish samples. Applied and Environmental Microbiology, 71: 1870-1875. 

Kamel, A.H., M.A. Ali, H.G. El-Nady, A. de Rougemont, P. Pothier and G. Belliot, 2009. Predominance 
and circulation of enteric viruses in the region the greater Cairo, Egypt. Journal of Clinical Microbiology, 47: 
1037-1045. 

Kapikian, A., R. Wyatt, R. Dolin, T. Thornhill, A. Kalica and R. Chanock, 1972. Visualization by immune 
electron microscopy of a 27-nm particle associated with acute infectious nonbacterial gastroenteritis. Journal of 
Virology, 10: 1075-1081. 

Katzenelson, E., B. Fattal and T. Hostovesky, 1976. Organic flocculation: an efficient second-step 
concentration method for the detection of viruses in tap water. Applied and Environmental Microbiology, 32: 
638-639. 

Keswick, B., T. Satterwhite, P. Johnson, H. Dupont, S. Secor, J. Bitsura, G. William Gary and J. Hoff, 
1985. Inactivation of norwalk virus in drinking water by chlorine. Applied and Environmental Microbiology, 
50: 261-264. 



Aust. J. Basic & Appl. Sci., 6(3): 43-48, 2012 

48 
 

Lakhe, S. and W. Paunikar, 2002. Technical note: Elution and reconcentration of polioviruses adsorbed on 
coal from water samples. Water Research, 36: 3919-3924. 

Lee, C. and S-J. Kim, 2008. The genetic diversity of human noroviruses detected in river water in Korea. 
Water Research, 42: 4477-84. 

Lee, et al., 2011. Nationwide groundwater surveillance of noroviruses in south korea 2008. Applied and 
environmental microbiology, 77: 1466-1474. 

Li J., X. Wang, Q. Rui, N. Song, F. Zhang, Y. Ou and F. Chao, 1998. A new and simple method for 
concentration of enteric viruses from water. Journal of Virological Methods, 74: 99-108. 

Lopman, B., M. Reacher, C. Gallimore, G. Adak, J. Gray and D. Brown, 2003. b A summertime peak of 
(winter vomiting disease): Surveillance of noroviruses in England and Wales, 1995 to 2002. BMC Public 
Health, 3: 13-16. 

Medici, M., M. Martinelli, F. Ruggeri, L. Abelli, S. Bosco, M. Arcangeletti, F. Pinardi, F. Conto, A. 
Calderaro, C. Chezzi and G. Dettori, 2005. Broadly reactive nested reverse transcription-PCR using a internal 
RNA standard control for detection noroviruses in stool samples. Journal of Clinical Microbiology, 43: 3772-
3778. 

Meqdam, M. and I. Thwiny, 2007. Prevalence of group A rotavirus, enteric adenovirus, norovirus and 
astrovirus infections among children with acute gastroenteritis in AL-Qassim, Saudi Arabia. Pak J Med Sci, 23: 
551-555. 

Mounts, A., T. Ando, M. Koopmans, J. Bresee, J. Noel and R. Glass, 2000. Cold weather seasonality of 
gastroenteritis associated with norwalk-like viruses. Journal of Infection Diseases, 181: S284-S287. 

Oh, D., G. Gaedicke and E. Schreier, 2003. Viral agents of acute gastroenteritis in German children: 
prevalence and molecular diversity. Journal of Medical Virology, 71: 82-93. 

O'Neill, H., C. McCaughey, P. Coyle, D. Wyatt and F. Mitchell, 2002. Clinical utility of nested multiplex 
RT-PCR for group F adenovirus, rotavirus and norwalk-like viruses in acute viral gastroenteritis in children and 
adults. Journal of Clinical Virology, 25: 335-343. 

O'Neill, H., C. McCaughey, D. Wyatt, F. Mitchell and P. Coyle, 2001. Gastroenteritis outbreaks associated 
with norwalk-like viruses and their investigation by nested RT-PCR. BMC Microbiology, 1: 14-21.  

Pusch, D., D. Oh, S. Wolf, R. Dumke, U. Schöter-Bobsin, M. Höhne, I. Röske and E. Schreier, 2005. 
Detection of enteric viruses and bacterial indicators in German environmental waters. Archives of Virology, 
150: 929-947. 

Redwan, N.A., F.A. Al-Fassi, and M.A. Ali, 2008. Health Aspects of Virological Water Quality: An 
Overview Review. Journal of Applied Sciences Research, 4(10): 1205-1215. 

Schmid, M., R. Oehme, G. Schalasta, S. Brockmann, P. Kimming and G. Enders, 2004. Technical advance: 
Fast detection of noroviruses using a real-time PCR assay and automated sample preparation. BMC Infectious 
Diseases, 4: 15. 

Schreier, E., F. Döring and U. Künkel, 2000. Molecular epidemiology of outbreaks of gastroenteritis 
associated with small round structured viruses in Germany in 1997/98. Archives of Virology, 145: 443-453. 

Steyera, et al., 2011. High prevalence of enteric viruses in untreated individual drinking water sources and 
surface water in Slovenia. International Journal of Hygiene and Environmental Health, 214: 392-398. 

Soares, C., N. Santos, R. Beard, M. Albuquerque, A. Maranhão, L. Rocha, M. Ramírez, S. Monroe, R. 
Glass and J. Gentsch, 2007. Norovirus detection and genotyping for children with gastroenteritis, Brazil. 
Emerging infectious diseases, 13: 1244-1246. 

Suñén, E. and M. Sobsey, 1999. Recovery and detection of enterovirus, hepatitis A virus and Norwalk virus 
in hardshell clams (Mercenaria mercenaria) by RT-PCR methods. Journal of Virological Methods, 77: 179-187. 

Tan, M. and X. Jiang, 2005. Norovirus and its histo-blood group antigen receptors: an answer to a historical 
puzzle. Trends in Microbiology, 13: 285-293. 

Tayeb, H., D. Dela Cruz, A. Al-Qahtani, M. Al-Ahdal and M. Carter, 2008. Enteric viruses in pediatric 
diarrhea in Saudi Arabia. Journal of Medical Virology, 80: 1919-1929. 

Tong, et al., 2011. Effective detection of human noroviruses in Hawaiian waters using enhanced RT-PCR 
methods. Water Research, 45: 5837-48. 

Widdowson, M., S. Monroe and R. Glass, 2005. Are noroviruses emerging?. Emerging infectious diseases, 
11: 735-737. 

Zahorsky, J., 1929. Hyperemesis hemis or the winter vomiting disease. Arch Pediatr, 46: 391-395. Ladder 


