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Abstract: The prevalence of human rotavirus and adenovirus in sewage and water samples before and after
treatment steps and also in clinical samples was compared in this study to determine the most prevalent virus
and the more resistant one to treatment processes. The prevalence percentage of rotaviruses in sewage samples
collected from raw sewage of Zenin wastewater treatment plant (WWTP) from July 2009 to June 2011 was 16.7%
(4/24) while the prevalence percentage of adenoviruses in the same raw sewage samples was 91.7% (22/24). The
prevalence percentage of rotaviruses in Nile water samples collected from El- Giza water treatment plant (WTP)
from July 2009 to June 2011 was 29.2% (7/24) while the prevalence percentage of adenoviruses in the same Nile
water samples was 66.7% (16/24). Rotavirus could be only detected and quantified as genome copies and
infectious units in the peak months of the virus in autumn and winter. Adenovirus genome copies and
infectious units were higher in winter than in the other months but considerable numbers of both of them were
quantified all the year. The means of adenovirus genome and infectious units removals were 3.5±1.1 log  and10

2.8±0.8 log  respectively while the means of rotavirus genome and infectious units removals were 3.75±0.5 log10 10

and 3±1.2 log  respectively after treatment processes of Zenin WWTP. The means of adenovirus genome and10

infectious units removals were 2.3±0.9 log  and 2.1±0.9 log  respectively while the means of rotavirus genome10 10

and infectious units removals were 2.86±1.1 log  and 2.57±1.1 log  respectively after treatment processes of10 10

El-Giza WTP. Rotavirus was the most prevalent in diarrheal samples 31.8% (35/110), while adenovirus  was
detected  in  18.1%  (20/110)  of  the samples. Sequence analysis of positive adenovirus samples indicated that
19 samples (6 raw sewage, 5 Nile water and 8 clinical samples) showed similar sequences clustered with human
adenovirus 41 strain 503804/KOL/2009 hexon gene with 94% homology and 5 samples (2 raw sewage and 3 Nile
water samples) showed similar sequences clustered with human adenovirus 2 strain N3773/TW/05-2 hexon gene
with 98% homology. As a conclusion, human adenovirus may be a suitable candidate viral indicator of human
viral contamination in Egyptian water and sewage samples.
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INTRODUCTION thus neglected. Bacterial indicators are able to detect fecal

Urban wastewaters discharged into surface waters the viral health risk, but they are not correlated with the
can be sources of environmental viral contamination. presence of enteric viruses or their abatement [1-3].
Reuse of wastewaters for agriculture or industrial Enteric viruses are excreted with human feces and have
purposes may also contaminate the environment. been found not only in wastewater but also in rivers,
Although controls of the microbial pollution of treated recreational water and seawater as well as in ground water
wastewater are currently required, biological monitoring and even treated drinking water [4]. In the USA, 10% of
is limited to bacterial parameters (fecal coliform, waterborne outbreaks are reportedly associated with viral
Escherichia coli, enterococci and Salmonella); viruses are agents [5].

contamination and are therefore an indirect indicator of
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The  choice  of the most useful viral parameter to be In Cairo, Egypt, rotavirus (Group A) is the most
tested is complicated by the large number of viral species frequent RNA enteric viruses in raw sewage and Nile
potentially  present, the variability of strains circulating in water and also the most resistant RNA enteric viruses to
the  population,  the  different  significance of qualitative treatment processes in water and wastewater treatment
and quantitative assays (respectively, presence/absence plants followed by HAV, astrovirus and enterovirus and
and counts) and difficulties in interpreting the results finally, noroviruses respectively [19, 20]. In this study we
obtained from culture and biomolecular tests [4]. A better compared the molecular epidemiology of human
understanding of viral contamination and resistance to rotaviruses and human adenoviruses as candidate viral
treatments therefore seems imperative in order to be able indicators in Egyptian water and wastewater and in
to assess and control the true risks related to wastewater diarrheal samples.
recycling and discharge. The enteric viruses most
commonly found  in  human  stool belong to more than MATERIALS AND METHODS
140 types, of which adenovirus, norovirus genotype I and
II, rotavirus, astrovirus, enterovirus and hepatitis A virus Sewage Samples: A total of 96 sewage samples were
(HAV) are those most often detected in the environment. collected for 2 years from July 2009 to June 2011 from
Among the diseases caused by enteric viruses are Zenin wastewater treatment plant which uses an activated
gastroenteritis, meningitis, myocarditis, conjunctivitis and sludge  treatment  with  a  capacity  of  330000  m /day.
hepatitis [6]. The samples were collected from raw wastewater, after

Although, adenoviruses are more often associated to primary sedimentation, after secondary sedimentation and
respiratory infections, some serotypes, denominated treated effluents. Four liter of raw sewage and of the other
enteric adenoviruses are related to diarrheal disease. treated sewage samples were collected and transferred in
Enteric adenoviruses are classified into the species F of clean sterile bottles and transported to the laboratory
the Mastadenovirus genus of the Adenoviridae family within 3 hrs after collection for examination.
and comprise serotypes 40 and 41 [7]. Adenoviruses are
very commonly found in water environments [8] and have Water Samples: A total of 96 water samples were
already been proposed as viral indicators [9], since collected from July 2009 to June 2011 from El-Giza water
several studies have reported that human adenovirus treatment plant. The treatment facilities in the treatment
(HAdV) exhibits high stability under conditions of plant are pre-oxidation with Cl , coagulation-settling,
environmental stress, such as UV radiation, temperature, sedimentation, filtration (rapid sand filters) and final Cl
chlorine concentration and pH variation, including addition. 20 liters of water sample were collected including
sewage treatment procedures [10, 11]. Rotaviruses are inlet water (Nile water), after sedimentation, after sand
responsible for severe gastroenteritis in both humans and filtration and outlet water (drinking water).
animals and have been implicated in waterborne
gastroenteritis outbreaks in many countries [12]. The Clinical Samples: 110 stool samples were collected
presence of enteroviruses has been frequently detected in during the period from May 2011 to April 2012 from Abo
both raw and treated wastewater [13], as well as in sludge El-Reech hospital in Greater Cairo. Stool samples were
[14]. Owing to its frequent detection and easy cultivation, collected from children (< 5 years old) suffering from acute
they have been considered as viral references in Italian diarrhea. Samples were collected in clean containers and
drinking water regulations (D.Lgs 31/2001) [15] although transferred to the laboratory within 3 hrs after collection
they are not a mandatory parameter. HAV is the main for examination.
cause of acute hepatitis worldwide and its waterborne
transmission  has  been  thoroughly  documented  [12]. Concentration of Sewage and Water Samples: Sewage
The WHO regards HAV as reference pathogens for and water samples were concentrated by filtration through
drinking water risk analysis [16]. Finally, Torque Teno negatively charged nitrocellulose membranes (ALBET,
Virus (TTV) is prevalent in general populations Spain 0.45 µm pore size and 142 mm diameter filter series)
worldwide, but at present is not related with any specific after addition of AlCl  to a final concentration of 0.5 mM
pathology. Its presence in feces and its remarkable and acidification to pH 3.5 and after passing through
environmental stability suggest the possibility of using it Whatmann no. 1 filter paper. The viruses adsorbed to the
as an indicator of fecal contamination in the environment membrane were eluted with 75 ml of 0.05 M glycine  buffer,
[17, 18]. pH   9.5    containing   3%   beef  extract
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(Lab-Limco powder, OXOID, UK) [21, 22]. All samples culture RT-PCR (CC-RT-PCR) assay was performed on
were reconcentrated using an organic flocculation method suspensions  of  infected  MA104 cells. Set of primers
[23]. Samples were neutralized and kept at -70°C until VP6-F and VP6-R was used. The RT-PCR method was the
used. same  as  described  previously.  The  detection limit in

Concentration of Clinical Samples: Approximately 0.1 g CC-RT-PCR units/ml (u/ml), where CC-RT-PCR u is the
of stool samples was weighed, diluted 1:10 in nuclease- reciprocal end point dilution detectable by CC-RT-PCR.
free H O and vortexed for 30 sec. Samples were clarified2

by centrifugation at 7.000 rpm for 10 min at room Extraction of DNA: It was done as described previously
temperature. Viral RNA was extracted from 140 µl of the by Kapperud et al. [30] and modified by Estrada et al.
supernatant. [31]. 50µL of sample concentrate were added to 50µL of

Viral Nucleic Acid Extraction: It was done using being  incubated  at 37°C for 1h, the suspension was
BIOZOL Total RNA Extraction reagent (BIOFLUX, Japan) boiled  for  10 min  and  then centrifuged at 12500 rpm for
and according to the manufacturer’s instructions. 5 min at 4°C. The supernatant was used for performing the

RT-PCR of a Fragment of the VP6-Coding Gene of
Rotaviruses (Group A): The primers used for RT-PCR Detection of Adenoviruses Using Nested PCR: It was
were the forward VP6-F primer 5'- done according to Puig et al. [32] using the specific
GACGGNGCNACTACATGGT-3' and the reverse primer, primers hex AA 1885, hex AA 1913 for the first round PCR
VP6-R 5'-GTCCAATTCATNCCTGGTGG-3' according to and nehex AA 1893 and nehex AA 1905 for the second
Iturriza-Gomara  et  al. [24]. Nested PCR amplification of round PCR for detection of human adenovirus and were
the  target  rotavirus VP6 fragment was performed using selected from the DNA sequence of the open reading
the forward primer, VP6-NF 5'-GCTAGAA frame of hexon gene. PCR products (10 µl) were analyzed
ATTTTGATACA-3' and the reverse primer, VP6-NR 5'- by electrophoresis on 3% agarose gels (Panreac-spain).
TCTGCAGTTTGTGAATC-3', according to Gallimore et al.
[25]  to amplify 155 bp fragment. PCR products (10 µl) Real  Time  PCR  for Quantification of Adenoviruses:
were analyzed by electrophoresis on 3% agarose gels Real time PCR was done using power SYBR green PCR
(Panreac-spain). master mix (Applied Biosystem, UK) with 0.5 µl of both

Quantitation of Rotavirus Using Real time RT-PCR 1913 in a total volume of 25µl. Amplification was
Method: Real time RT-PCR was done for positive samples performed  as  described previously [33], in a Real time
in previous RT-PCR screening. The RT was done PCR thermal cycler (OneStep, Applied Biosystem). The
according to Iturriza-Gomara et al. [24] using primers specificity of the reactions was determined by melting
(VP6-F and VP6-R). Real time PCR was done using power curve analysis of the amplicons. The adenovirus genome
SYBR green PCR master mix (Applied Biosystem, UK) copy number was determined by comparison with a
with 0.5 µl of both forward primer VP6-F and reverse standard curve generated with serial dilutions of a
primer VP6-R in a total volume of 25µl. Amplification was positive control plasmid, constructed by TOPO TA
performed as described previously [26] in a Real time PCR cloning (Invitrogen) of the PCR product from an
thermal cycler (OneStep, Applied Biosystem). The adenovirus positive sample.
specificity of the reactions was determined by melting
curve analysis of the amplicons. The rotavirus genome Cell Culture-PCR (CC-PCR) Technique for
copy  number  was determined by comparison with a Quantification of Adenovirus Infectious Units: It was
standard curve generated with serial dilutions (10  to done according to Esawy et al. [34], Abdo et al. [35].1

10 ) of a positive control plasmid (pCR2.1-TOPO, Adenovirus cell culture-PCR (CC-PCR) assay was6

Invetrogen, USA) containing full length of cDNA of performed  on  suspensions  of  infected Hep 2 cell line.
rotavirus VP-6 genome. Set of primers, hex AA 1885and hex AA 1913 was used.

CC-RT-PCR for Quantification of Infectious Rotavirus 100 µl of inoculum is 1x10  CC- PCR units/ml (u/ml), An
Particles: It  was  done  according  to  Abad  et al. [27], adenovirus CC-PCR unit is defined as the reciprocal
El-Senousy et al. [28] and Ghazy et al. [29]. Rotavirus cell endpoint dilution detectable by CC- PCR.

this tissue culture assay using 100 µl of inoculum is 1x101

1X PCR buffer containing 0.2mg of Proteinase K/mL. After

PCR.

forward primer hex AA 1885and reverse primer hex AA

The  detection  limit  in  this  tissue  culture assay using
1
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Confirmation of the RT-PCR and PCR Positivity by were 91.7% (22/24), 83.3% (20/24), 75% (18/24) and 45.8%
Amplimer Sequencing: The RT-PCR products of selected (11/24)  in  raw  sewage,  after  primary  sedimentation,
positive samples for rotavirus (4 raw sewage, 4 Nile water after secondary sedimentation and after final chlorination
and 8 clinical samples) and PCR products for adenovirus respectively (Tables 3 and 4).
(8 raw sewage, 8 Nile water and 8 clinical samples)
covering all seasons were sequenced. Fifty to one Prevalence of Human Adenoviruses in Water Samples:
hundred µl of the RT-PCR or PCR products were purified The  Prevalence  of  human  adenoviruses  in water
using a high pure PCR products purification kit (Qiagen) samples  collected  from  El-Giza  water  treatment  plant
following the manufacturer's instructions. Cycle after different treatment steps from July 2009 to June 2011
sequencing was performed on 1 to 7 ml of the purified were 66.7% (16/24), 58.3% (14/24), 37.5% (9/24) and 25%
products with an ABI prism Big dye termination cycle (6/24) in raw Nile water, after sedimentation, after sand
sequencing ready reaction kit (applied biosystem) using filtration  and  after  final  chlorination,  respectively
the same primers as in the PCR and following the (Table 5).
manufacturer's instructions. The DNA was sequenced
with an ABI prism 310 automated DNA sequencer. Prevalence of Human Rotaviruses and Adenoviruses in
Sequence data from both strands of the PCR products Diarrheal Samples: 35 samples out of 110 samples were
were aligned and compared by using the clustalw and positive for rotaviruses, the highest prevalence of
blast programs (European bioinformatics institute). rotaviruses was detected during the winter season, while

Statistical Analysis: Mean and standard deviation were and the summer seasons. 24 samples out of 110 samples
calculated to determine the removal efficiency of treatment were positive for Adenoviruses. They were distributed
processes in Zenin WWTP and El-Giza WTP and also to through the whole year (Fig. 1).
determine the difference between the number of genome
copies and infectious units for both adenovirus and Number of Human Adenovirus Genome and Infectious
rotavirus. Units in Positive PCR Samples of Zenin WWTP: The

RESULTS to 6x10  DNA copies/l while, the number of adenovirus

Prevalence of Human Rotaviruses in Sewage Samples: in raw sewage samples. 0 to 1 log  reduction was
The prevalence percentages of human rotaviruses in observed after primary sedimentation, 0 to 2 log
sewage samples collected from Zenin wastewater reduction was observed after secondary sedimentation
treatment plant after different treatment steps from July and 1 to 2 log  reduction was observed after final chlorine
2009 to June 2011 were 16.7% (4/ 24), 20.8% (5/24), 16.7% for adenovirus genome. 0 to 1 log  reduction was
(4/24) and 16.7% (4/24) in raw sewage, after primary observed after primary sedimentation, 0 to 2 log
sedimentation, after secondary sedimentation and after reduction was observed after secondary sedimentation
final chlorination respectively (Table 1). and 1 to 2 log  reduction was observed after final chlorine

Prevalence of Human Rotaviruses in Water Samples: were observed between adenovirus genome and
The prevalence percentages of human rotaviruses in infectious units (Tables 6 and 7).
water samples collected from El-Giza water treatment plant
after different treatment steps from July 2009 to June 2011 Number of Adenovirus Genome and Infectious Units in
were 29.2% (7/ 24), 25% (6/24), 20.8% (5/24) and 12.5% Positive PCR Samples of El-Giza WTP: The number of
(3/24)  in  raw  Nile  water,   after   sedimentation,  after human adenovirus genome ranged from 9x10 to 8x10
sand filtration and after final chlorination, respectively DNA copies/l while, the number of adenovirus infectious
(Table 2). units ranged from 8x10 to 9x10  CC-PCR unit/l in Nile water

Prevalence of Human Adenoviruses in Sewage Samples: sedimentation, 0 to 1 log  reduction was observed after
The Prevalence of human adenoviruses in sewage sand filtration and 0 to 2 log  reduction was observed
samples collected from Zenin wastewater treatment plant after final chlorine for adenovirus genome. 0 to 1 log
after different treatment steps from July 2009 to June 2011 reduction  was observed  after  sedimentation, 0 to 1 log

the lowest prevalence was detected during the  spring

number  of  human adenovirus genome ranged from 9x10
7

infectious units ranged from 1x10 to 4x10  CC-PCR unit/l5

10

10

10

10

10

10

for adenovirus infectious units. 0 to 3 log  difference10

5

4

samples. 0 to 1 log  reduction was observed after10

10

10
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Table 1: Prevalence of human rotaviruses after different treatment steps of Zenin wastewater treatment plant (2009 - 2011)

Sampling date Raw sewage After primary sedimentation After Secondary sedimentation Chlorinated effluents

November 2009 +Ve +Ve -Ve +Ve

December 2009 - Ve - Ve +Ve +Ve

February 2010 - Ve +Ve +Ve - Ve

January 2011 +Ve +Ve -Ve -Ve

February 2011 +Ve +Ve +Ve +Ve

March 2011 +Ve +Ve +Ve +Ve

*All samples in other months were negative

Table 2: Prevalence of human rotaviruses after different treatment steps of El-Giza water treatment plant (2009 - 2011)

Sampling date Raw water After Sedimentation After Sand filtration Chlorinated effluents

November 2009 +Ve -Ve -Ve -Ve

December 2009 +Ve +Ve +Ve +Ve

January 2010 +Ve +Ve +Ve +Ve

February 2010 +Ve +Ve -Ve -Ve

January 2011 +Ve +Ve +Ve +Ve

February 2011 +Ve +Ve +Ve -Ve

March 2011 +Ve +Ve +Ve -Ve

*All samples in other months were negative

Table 3: Prevalence of human adenoviruses after different treatment steps of Zenin wastewater treatment plant (2009 - 2010)

Sampling date Raw sewage After primary sedimentation After Secondary sedimentation Chlorinated effluents

July 2010 +Ve -Ve -Ve -Ve

August 2010 -Ve -Ve -Ve -Ve

September 2010 +Ve +Ve -Ve -Ve

October 2010 +Ve +Ve +Ve -Ve

November 2010 +Ve +Ve +Ve +Ve

December 2010 +Ve +Ve +Ve +Ve

January 2011 +Ve +Ve +Ve +Ve

February 2011 +Ve +Ve +Ve +Ve

March 2011 +Ve +Ve +Ve +Ve

April 2011 +Ve +Ve +Ve -Ve

May 2011 +Ve +Ve +Ve +Ve

June 2011 +Ve +Ve +Ve +Ve

Table 4: Prevalence of human adenoviruses after different treatment steps of Zenin wastewater treatment plant (2010 - 2011)

Sampling date Raw sewage After primary sedimentation After Secondary sedimentation Chlorinated effluents

July 2009 +Ve +Ve +Ve -Ve

August 2009 -Ve -Ve -Ve -Ve

September 2009 +Ve +Ve +Ve -Ve

October 2009 +Ve +Ve Ve+ Ve+

November 2009 +Ve Ve+ Ve+ Ve-

December 2009 +Ve +Ve +Ve +Ve

January 2010 +Ve +Ve -Ve -Ve

February 2010 +Ve +Ve +Ve +Ve

March 2010 +Ve +Ve +Ve +Ve

April 2010 +Ve +Ve +Ve -Ve

May 2010 +Ve +Ve +Ve -Ve

June 2010 +Ve -Ve -Ve -Ve
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Table 5: Prevalence of human adenoviruses after different treatment steps of El-Giza water treatment plant (2009 - 2011)

Sampling date Raw water After Sedimentation After Sand filtration Chlorinated effluents

October 2009 +Ve +Ve +Ve - Ve
November 2009 + Ve +Ve +Ve - Ve
December 2009 + Ve + Ve + Ve + Ve
January 2010 + Ve + Ve + Ve + Ve
February 2010 + Ve + Ve + Ve + Ve
April 2010 + Ve - Ve - Ve - Ve
May 2010 + Ve + Ve - Ve - Ve
June 2010 + Ve - Ve - Ve - Ve
August 2010 + Ve + Ve - Ve - Ve
October 2010 + Ve + Ve - Ve - Ve
November 2010 + Ve + Ve - Ve - Ve
December 2010 + Ve + Ve + Ve + Ve
January 2011 + Ve + Ve + Ve + Ve
February 2011 + Ve + Ve + Ve + Ve
March 2011 + Ve + Ve - Ve - Ve
April 2011 + Ve + Ve + Ve - Ve

*All samples in other months were negative

Table 6: Number of DNA copies (DNA copies/l) and infectious units (CC-PCR unit/l) in samples positive for human adenovirus genome in (Zenin) wastewater
treatment plant (Jul.2009 - Jun.2010)

Raw sewage After primary sedimentation After Secondary sedimentation Chlorinated effluents
----------------------------------------- ---------------------------------------- --------------------------------------- --------------------------------------

Sampling date* DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l

July 2009 3x10 6x10 1x10 2x10 2x10 7x10 0 04 2 3 2 2

September 2009 1x10 5x10 2x10 4x10 4x10 7x10 0 04 2 3 2 2

October 2009 5x10 6x10 2x10 4x10 8x10 7x10 8x10 9x105 3 5 3 4 2 2

November 2009 4x10 3x10 8x10 1x10 9x10 7x10 0 05 3 4 2 2

December 2009 7x10 6x10 1x10 3x10 6x10 8x10 8x10 1x106 4 6 4 5 3 3 2

January 2010 3x10 2x10 2x10 1x10 6x10 4x10 5x10 5x106 4 6 4 6 3 4 2

February 2010 6x10 4x10 3x10 4x10 8x10 7x10 4x10 9x105 4 5 4 4 3 2

March 2010 8x10 4x10 2x10 8x10 5x10 4x10 1x10 05 4 5 3 4 2 2

April 2010 5x10 9x10 8x10 6x10 2x10 4x10 0 05 3 4 2 2

May 2010 6x10 9x10 2x10 3x10 2x10 2x10 0 05 3 4 2 2

June 2010 1x10 4x10 2x10 1x10 6x10 7x10 3x10 05 3 4 2 3 2

*All samples in other months were negative

Table 7: Number of DNA copies (DNA copies/l) and infectious units (CC-PCR unit/l) in samples positive for human adenovirus genome in (Zenin)
wastewater treatment plant (Jul.2010 - Jun.2011)

Raw sewage After primary sedimentation After Secondary sedimentation Chlorinated effluents
----------------------------------------- ---------------------------------------- --------------------------------------- --------------------------------------

Sampling date* DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l

July 2010 9x10 1x10 0 0 0 0 0 0
September 2010 8x10 5x10 2x10 1x10 0 0 0 03 2 2

October 2010 6x10 8x10 6x10 2x10 2x10 1x10 0 05 3 4 2 2 2

November 2010 6x10 2x10 6x10 2x10 9x10 8x10 4x10 04 4 3 3 2 2

December 2010 6x10 4x10 3x10 2x10 1x10 6x10 2x10 9x107 5 6 4 5 3 3

January 2011 5x10 7x10 3x10 3x10 4x10 1x10 4x10 1x106 4 5 3 4 3 2

February 2011 8x10 6x10 9x10 5x10 8x10 9x10 4x10 05 3 4 3 3 2

March 2011 5x10 9x10 8x10 6x10 6x10 7x10 4x10 05 3 4 3 3 2 2

April 2011 9x10 8x10 8x10 7x10 6x10 2x10 0 05 3 4 2 2

May 2011 5x10 6x10 3x10 2x10 2x10 1x10 2x10 1x105 4 4 3 3 2 2

June 2011 8x10 2x10 6x10 2x10 6x10 1x10 4x10 05 4 4 3 4 2 2

*All samples in other months were negative



World Appl. Sci. J., 27 (10): 1235-1247, 2013

1241

Fig. 1: Prevalence of human rotaviruses and adenoviruses in stool samples of children (< 5 years) with acute diarrhea
from May 2011 to April 2012

reduction was observed after sand filtration and 1 to 2 to 5x10  RNA copies/l while, the number of rotavirus
log  reduction was  observed after final chlorine for infectious units ranged from 2x10 to 1x10  CC-RT-PCR10

adenovirus infectious units. 0 to 3 log  differences were unit/l in Nile water samples. 1 log  reduction was10

observed between adenovirus genome and infectious observed after sedimentation, 0 to 1 log  reduction was
units (Tables 8 and 9). observed after sand filtration and 1 to 3 log  reduction

Number of Human Rotavirus Genome and Infectious 0 to 1 log  reduction was observed after sedimentation,
Units in Positive PCR Samples of Zenin WWTP: The 0 to 1 log  reduction was observed after sand filtration
number of human rotavirus genome ranged from 7x10  to and 1 to 3 log  reduction was observed after final chlorine3

2x10  RNA copies/l while, the number of rotavirus for rotavirus infectious units. 0 to 2 log  differences were7

infectious units ranged from 1x10  to 5x10  CC-RT-PCR observed between rotavirus genome and infectious units2 5

unit/l in raw sewage samples. 1 log  reduction was (Table 11).10

observed after primary sedimentation, 1 to 2 log10

reduction was observed after secondary sedimentation Sequence  Analysis:  Sequence analysis of 24 PCR
and 2 to 3 log  reduction was observed after final chlorine positive  adenovirus  samples  indicated that 19 samples10

for rotavirus genome. 0 to 1 log  reduction was observed (6 raw sewage, 5 Nile water and 8 clinical samples) showed10

after primary sedimentation, 1 to 2 log  reduction was similar sequences clustered with Human adenovirus 4110

observed after secondary sedimentation and 1 to 3 log strain 503804/KOL/2009 hexon gene with 94% homology.10

reduction  was  observed  after  final  chlorine  for It indicated also that 5 PCR positive adenovirus samples
rotavirus infectious units. 0 to 3 log  differences were (2 raw sewage and 3 Nile water samples) showed similar10

observed between rotavirus genome and infectious units sequences clustered with Human adenovirus 2 strain
(Table 10). N3773/TW/05-2 hexon gene with 98% homology.

Number of Human Rotavirus Genome and Infectious samples (4 raw sewage, 4 Nile water and 8 clinical
Units in Positive PCR Samples of El-Giza WTP: The samples) showed that all the sequences clustered with
number  of  human  rotavirus  genome  ranged  from 9x10 rotavirus VP6 with 98% homology.

5

4

10

10

10

was  observed  after  final chlorine for rotavirus genome.
10

10

10

10

Sequence analysis of the 16 RT-PCR positive rotavirus
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Table 8: Number of DNA copies (DNA copies/l) and infectious units (CC-PCR unit/l) in samples positive for human adenovirus genome in El-Giza water
treatment plant (October 2009 - September 2010)

Raw Nile water After sedimentation After Sand filtration After final Chlorine
----------------------------------------- ---------------------------------------- --------------------------------------- --------------------------------------

Sampling date* DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l

October 2009 7x10 1x10 8x10 1x10 6x10 1x10 0 04 2 3 2

November 2009 5x10 2x10 6x10 6x10 4x10 1x10 0 04 2 3 2

December 2009 6x10 9x10 8x10 8x10 9x10 1x10 6x10 05 4 4 3 3 2 2

January 2010 5x10 2x10 4x10 6x10 9x10 3x10 2x10 05 3 4 2 3 2 2

February 2010 4x10 2x10 1x10 1x10 3x10 9x10 1x10 04 2 4 2 3 3

April 2010 9x10 0 0 0 0 0 0 0
May 2010 2x10 9x10 2x10 0 0 0 0 02

June 2010 8x10 0 0 0 0 0 0 0
August 2010 9x10 8x10 8x10 6x10 0 0 0 02

*All samples in other months were negative

Table 9: Number of DNA copies (DNA copies/l) and infectious units (CC-PCR unit/l) in samples positive for human adenovirus genome in El-Giza water
treatment plant (October 2010 – September 2011)

Raw Nile water After sedimentation After Sand filtration After final Chlorine
----------------------------------------- ---------------------------------------- --------------------------------------- --------------------------------------

Sampling date* DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l DNA copies/l CC-PCR unit/l

October 2010 9x10 1x10 8x10 5x10 0 0 0 02 2

November 2010 5x10 2x10 7x10 6x10 0 0 0 02 2

December 2010 8x10 8x10 5x10 9x10 6x10 9x10 7x10 05 3 4 2 3 2

January 2011 4x10 7x10 1x10 9x10 9x10 8x10 7x10 04 3 3 2 2

February 2011 7x10 5x10 8x10 8x10 2x10 6x10 3x10 04 2 3 3 2

March 2011 6x10 7x10 9x10 2x10 0 0 0 02 2

April 2011 8x10 9x10 8x10 1x10 0 0 0 02

*All samples in other months were negative

Table 10: Number of RNA copies (RNA copies/l) and infectious units (CC-RT-PCR unit/l) in samples positive for human rotavirus genome in (Zenin) wastewater treatment plant (Jul.2009 -

Jun.2011)

Raw sewage After primary sedimentation After Secondary sedimentation Chlorinated effluents

-------------------------------------------- ------------------------------------------ ------------------------------------------- ----------------------------------------------

Sampling date * RNA copies/l CC-RT-PCR unit/l RNA copies/l CC-RT-PCR unit/l RNA copies/l CC-RT-PCR unit/l RNA copies/l CC-RT-PCR unit/l

November 2009 2x10 5x10 9x10 6x10 0 0 2x10 6x107 5 6 4 3

December 2009 0 0 0 0 8x10 1x10 9x10 1x105 3 3

February 2010 0 0 8x10 7x10 9x10 1x10 0 05 4 3 3

January 2011 7x10 1x10 8x10 1x10 0 0 0 03 2 2

February 2011 3x10 2x10 5x10 1x10 3x10 3x10 9x10 3x106 5 5 4 4 2 2

March 2011 8x10 9x10 4x10 7x10 4x10 8x10 9x10 05 2 4 2 3

*All samples in other months were negative

Table 11: Number of RNA copies (RNA copies/l) and infectious units (CC-RT-PCR unit/l) in samples positive for human rotavirus genome in El-Giza water treatment plant (October 2009 –

September 2011)

Raw Nile water After sedimentation After Sand filtration After final Chlorine

-------------------------------------------- ------------------------------------------ ------------------------------------------- ----------------------------------------------

Sampling date* RNA copies/l CC-RT-PCR unit/l RNA copies/l CC-RT-PCR unit/l RNA copies/l CC-RT-PCR unit/l RNA copies/l CC-RT-PCR unit/l

November 2009 9x10 2x10 0 0 0 0 0 0

December 2009 5x10 1x10 3x10 2x10 2x10 1x10 8x10 05 4 4 3 4 3

January 2010 2x10 7x10 9x10 1x10 6x10 9x10 5x10 05 3 4 3 3 2 2

February 2010 8x10 1x10 9x10 1x10 0 0 0 02 2

January 2011 4x10 1x10 6x10 1x10 9x10 4x10 8x10 05 4 4 3 3 2 2

February 2011 9x10 1x10 3x10 4x10 4x10 1x10 0 04 2 3 2

March 2011 2x10 1x10 9x10 5x10 1x10 1x10 0 03 2 2 2

*All samples in other months were negative
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DISCUSSION Rotavirus (Group A) was the most prevalent RNA

The prevalence of human rotaviruses in sewage and drinking water  in Cairo, Egypt, followed by HAV,
samples collected from raw sewage of Zenin wastewater astrovirus and enterovirus and finally, noroviruses
treatment  plant  from  July  2009 to June 2011 was 16.7% respectively [19, 20]. In recent studies, rotavirus still has
(4/ 24). The prevalence of human adenoviruses in the high prevalence in Egyptian Delta and Cairo [39, 40] while
same raw sewage samples was 91.7% (22/24). The higher norovirus still has low prevalence in Egyptian naturally
prevalence of adenovirus in raw sewage samples is contaminated irrigation water and fresh produce [41]. In
obvious. It may return to the peak of rotavirus in winter our study, Adenovirus was detected in all samples
and autumn months which is clear in our results. The positive for rotavirus except in treated effluent of Zenin
prevalence of adenovirus was all the year without any WWTP in November 2009. Rotavirus was not detected in
observed peak. The number of adenovirus genome ranged 18 samples raw sewage of Zenin WWTP and 8 samples of
from 9x10 to 6x10  DNA copies/l while, the number of its treated effluents, 10 samples of Nile water of El-Giza7

adenovirus  infectious  units  ranged from 1x10 to 4x10 WTP and 3 samples of its drinking water.5

CC-PCR unit/l in raw sewage samples. The number of Zenin wastewater treatment plant which uses an
rotavirus genome ranged from 7x10 to 2x10  RNA copies/l activated sludge treatment technology, the most prevalent3 7

while, the number of rotavirus infectious units ranged treatment technology in Egypt was chosen as a model for
from 1x10  to 5x10  CC-RT-PCR unit/l in raw sewage Egyptian wastewater treatment plants using an activated2 5

samples. Rotavirus could be only detected and quantified sludge treatment technology. In Zenin WWTP, 0 to 1
as genome copies and infectious units in the peak months log  reduction was observed after primary sedimentation,
of the virus in autumn and winter. Adenovirus genome 0 to 2 log  reduction was observed after secondary
copies and infectious units were higher in winter than in sedimentation and 1 to 2 log  reduction was observed
the other months but considerable numbers of both of after final chlorine for adenovirus genome. 0 to 1 log
them were quantified all the year (except August). On the reduction was observed after primary sedimentation, 0 to
other hand, again this observation was confirmed by the 2 log  reduction was observed after secondary
data  of  water samples of El-Giza water treatment plant. sedimentation and 1 to 2 log  reduction was observed
The prevalence of rotaviruses in Nile water samples after final chlorine for adenovirus infectious units. 1 log
collected from July 2009 to June 2011 was 29.2% (7/ 24). reduction was observed after primary sedimentation, 1 to
The prevalence of adenoviruses in the same Nile water 2 log  reduction was observed after secondary
samples was 66.7% (16/24). Rotavirus was detected only sedimentation and 2 to 3 log  reduction was observed
in autumn and winter months while adenovirus was after final chlorine for rotavirus genome. 0 to 1 log
detected all the year. The number of adenovirus genome reduction was observed after primary sedimentation, 1 to
ranged from 9x10 to 8x10  DNA copies/l while, the number 2 log  reduction was observed after secondary5

of adenovirus infectious units ranged from 8x10 to 9x10 sedimentation and 1 to 3 log  reduction was observed4

CC-PCR unit/l in Nile water samples. The number of after final chlorine for rotavirus infectious units. In El-Giza,
rotavirus genome ranged from 9x10 to 5x10  RNA copies/l water   treatment    plant,   the   treatment   facilities  are5

while, the number of rotavirus infectious units ranged pre-oxidation with Cl , coagulation-settling,
from 2x10 to 1x10  CC-RT-PCR unit/l in Nile water samples. sedimentation, filtration (rapid sand filters) and final Cl4

Again the higher rotavirus genome copies and infectious addition which is the most prevalent water treatment
units were observed in autumn and winter without any facilities in Egypt was chosen as a model of Egyptian
presence for rotavirus in spring and summer while water treatment plants. In El-Giza WTP, 0 to 1 log
adenovirus genome copies and infectious units could be reduction was observed after sedimentation, 0 to 1 log
quantified  all  the year (except July). Our results agree reduction was observed after sand filtration and 0 to 2
with   the    study    results   of   Villena   et  al.  [19]  and log  reduction was observed after final chlorine for
El-Senousy et al. [20], who reported that the peak of adenovirus genome. 0 to 1 log  reduction was observed
rotavirus incidence in Cairo raw sewage and river Nile after sedimentation, 0 to 1 log  reduction was observed
water samples is in autumn and winter months. On the after sand filtration and 1 to 2 log  reduction was
other hand in our results, adenoviruses showed no peak observed after final chlorine for adenovirus infectious
months for prevalence in the two years survey. This was units. 1 log  reduction was observed after sedimentation,
also confirmed by several reports [8, 10, 36-38]. 0  to 1 log  reduction  was  observed  after  sand  filtration

enteric viruses in raw sewage, treated effluents, Nile water
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and 1 to 3 log  reduction was observed after final chlorine process and then after the whole treatment processes in10

for rotavirus genome. 0 to 1 log  reduction was observed10

after sedimentation, 0 to 1 log  reduction was observed10

after sand filtration and 1 to 3 log  reduction was10

observed after final chlorine for rotavirus infectious units.
Quantitatively, The means of adenovirus genome and
infectious units removals were 0.77±0.4 log  and 0.6±0.510

log respectively while the means of rotavirus genome10

and infectious units removals were 1±0 log  and 0.75±0.510

log  respectively after the primary sedimentation of Zenin10

WWTP.  The means of adenovirus genome and infectious
units  removals were 1.2±0.6 log  and 0.95±0.4 log ,10 10

respectively while the means of rotavirus genome and
infectious units removals were 1.5±0.6 log  and 1.25±0.510

log  respectively after the secondary sedimentation of10

Zenin WWTP. The means of adenovirus genome and
infectious units removals were 1.65±0.6 log  and 1.4±0.510

log respectively while the means of rotavirus genome10

and infectious units removals were 2.25±0.5 log  and10

1.75±1 log  respectively after the final chlorine of Zenin10

WWTP. The means of adenovirus genome and infectious
units removals were 3.5±1.1 log  and 2.8±0.8 log10 10

respectively while the means of rotavirus genome and
infectious units removals were 3.75±0.5 log  and 3±1.210

log  respectively after the whole treatment processes of10

Zenin WWTP.
The means of adenovirus genome and infectious

units  removals  were 0.9±0.3 log  and 0.86±0.4 log10 10

respectively while the means of rotavirus genome and
infectious units removals were 1±0 log  and 0.86±0.4 log10 10

respectively after the sedimentation of El-Giza WTP. The
means of adenovirus genome and infectious units
removals were 0.9±0.3 log  and 0.69±0.5 log ,10 10

respectively while the means of rotavirus genome and
infectious units removals were 0.67±0.5 log  and 0.5±0.510

log  respectively after the sand filtration of El-Giza WTP.10

The means of adenovirus genome and infectious units
removals were 1.1±0.6 log  and 1.3±0.5 log  respectively10 10

while the means of rotavirus genome and infectious units
removals were 1.8±0.8 log  and 1.8±0.8 log  respectively10 10

after the final chlorine of El-Giza WTP. The means of
adenovirus genome and infectious units removals were
2.3±0.9 log  and 2.1±0.9 log  respectively while the10 10

means of rotavirus genome and infectious units removals
were 2.86±1.1 log  and 2.57±1.1 log  respectively after10 10

the whole treatment processes of El-Giza WTP.
The means of adenovirus genome and infectious

units removals were less than the means of rotavirus
genome and infectious units removals after each treatment

Zenin WWTP and in El-Giza WTP (except sand filtration).
So, both, adenovirus and rotavirus are resistant to
treatment processes in water and wastewater treatment
plants with higher removal for rotavirus genome and
infectious units and higher resistance for adenovirus
genome and infectious units  in water and wastewater
treatment plants. Detection of rotavirus and adenovirus
genome or infectious units in treated effluents and
drinking water samples indicates the resistance of
rotavirus and adenovirus to treatment processes
(especially chlorine as a disinfectant) in the water and
wastewater treatment plants. The high stability of
rotavirus in front of disinfectants (free chlorine, copper,
silver) was previously studied at laboratory scale [42, 43]
and in field scale [20]. This may explain the high positivity
of rotavirus genome in treated sewage effluents and in
drinking water samples. El Senousy et al. [20] reported
that rotavirus is the most resistant enteric virus to
treatment processes in 3 Egyptian WWTPs and 3
Egyptian WTPs among all RNA enteric viruses studied
(HAV, astrovirus, enterovirus and norovirus). In our
study the resistance of adenovirus to water and
wastewater treatment processes had been proved. Other
reports confirmed the high resistance of adenovirus to
treatment processes in water and wastewater treatment
plants [10, 44-46]. The resistant of both adenovirus and
rotavirus to treatment processes in both water and
wastewater treatment plants represents a human health
risk. In our results the presence of genome copies and
infectious units of both adenovirus and rotavirus in the
wastewater chlorinated effluents represents  a bad
performance of the WTP in the removal of viruses.
However adenovirus genome copies and infectious units
were detected and quantified all the year. They may
contaminate irrigation water, Nile water or even drinking
water. Also, the presence of genome copies of both
adenovirus and rotavirus in drinking water even without
infectivity represents  a bad performance of the WTP in
the removal of viruses.

In Zenin WWTP, 0 to 3 log  differences were10

observed between genome and infectious units for
adenovirus and rotavirus which the means of differences
were 1.5±0.6 log  and 1.5±0.7 log  for adenovirus and10 10

rotavirus respectively. Also, in El-Giza WTP 0 to 3 log10

(with mean 1.3±0.8 log ) differences were observed10

between genome and infectious units for adenovirus
while 0 to 2 log  (with mean 1.1±0.6 log ) differences10 10

were observed between genome and infectious units for
rotavirus. It indicates comparable survival of the genome
after the loss of infectivity.
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In our result rotavirus was the most prevalent 31.8% 2. Carducci, A., R. Battistini, E. Rovini and M. Verani,
(35/110) in diarrheal samples while adenoviruses were
detected in 18.1% (20/110) of the samples. Adenoviruses
are second as leading causes of childhood gastroenteritis
after rotaviruses worldwide. Rotavirus is the most
common cause of acute diarrhea in infants and young
children, which causes approximately 111  million
episodes of gastroenteritis and  352,000–592,000  deaths
in children of  less   than   5-years-old   worldwide   each
 year  [47]. In  our  results,  the  peak  of  rotavirus in
diarrheal samples was very obvious in autumn and winter
months. Adenoviruses showed no peak for prevalence in
diarrheal samples.

Sequence   analysis    indicated    that    19   samples
(6 raw sewage, 5 Nile water and 8 clinical samples) showed
similar sequences clustered with Human adenovirus 41
strain 503804/KOL/2009 hexon gene with 94% homology
and 5 samples (2 raw sewage and 3 Nile water samples)
showed similar sequences clustered with Human
adenovirus 2 strain N3773/TW/05-2 hexon gene with 98% 6. Fong, T. and E. Lipp, 2005. Enteric viruses of humans
homology. It indicated that, among adenoviruses, human
enteric adenovirus 41 were the most frequent type in
Egyptian diarrheal, sewage and water samples.
Epidemiological and environmental studies using
molecular tools reported that HAdV-41 is clearly the most
prevalent enteric strain [47]. Our results also indicated
that some sewage and water samples  had only non
enteric adenovirus (Human adenovirus 2). These results
may indicate that human adenoviruses and not only
human enteric adenoviruses could be suggested as a
candidate viral indicator  of  human  viral  contamination
in Egyptian sewage and water samples due to its high
prevalence, stability in the environment and its human
origin. Due to their prevalence and their survival
characteristics, HAdVs are part of the 12 microorganisms
listed on the Candidate Contaminant List (CCL3)
established by the US Environmental Protection Agency
[48].

More studies are still needed to confirm the best viral N.A. Gimenez and R. Girones, 2006. Identification of
indicator candidate in Egyptian sewage, water and food
samples.

Human adenoviruses and not only human enteric
adenoviruses could be suggested as a candidate viral
indicator of human viral contamination in Egyptian
sewage and water samples.
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