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Abstract: In the present study human norovirus genogroups I and II (GGI and GGII), Hepatitis E virus (HEV)
and human and animal rotaviruses (Wa strain and simian rotavirus), were exposed to different chlorine
concentrations in inoculated Nile water and drinking water samples. In raw water samples inoculated separately
with viruses before autoclaving, the chlorine dose 5mg/l for 15 min was sufficient to remove 1 log  from the10

initial doses of   norovirus GGI and GGII and HEV, while sample inoculated after autoclaving, the chlorine dose
5mg/l for 15 min was sufficient to remove 2 log  from the initial doses of norovirus GGI and GGII and HEV.10

While in drinking water samples, the chlorine dose 3 mg/l for 15 min was sufficient to remove 4 log  from the10

initial dose of norovirus GGI and GGII and HEV. When we increased the chlorine dose to 4 mg/l, 6 log10

reduction of norovirus GGI while  7 log  reduction from norovirus GGII  and  6 log   reduction of HEV was10 10

observed.  Both human and animal Rotavirus are more resistant to chlorine in drinking water where only 3 log10

reduction under 3mg/l for 15 min was observed and  5 log   reduction was observed under exposure to 4mg/l10

for 15 min.
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INTRODUCTION [9]. An enteric virus concentration as low as 1 per 100

Disinfection  of  all  surface  water and most ground who consume the water [4].
water   is required  to  prevent  the  transmission of Disinfection is a critical step in the drinking water
water-borne pathogenic microorganisms [1, 2]. Enteric treatment  process to inactivate infectious viruses
viruses are among the agents that can be transmitted by because  primary  treatment is less effective for the
fecally contaminated water. There are more than 140 removal   of   viruses.   Chlorine   and   monochloramine
different viruses excreted in the feces of humans [3]. are the most widely used disinfectants in the United
Enteric viruses are highly infectious; ingestion of 1 to 10 States [10]. Chlorine treatment can be used to inactivate
viral particles is capable of having a significant probability bacteria,  viruses  and  some protozoa. However, at the
of infection [4].  Current wastewater treatments do not low levels of chlorine (5 mg/l) typically used for drinking
ensure complete virus removal [5- 8], hence viruses water treatment, giardia spores will not be inactivated.
become environmental contaminants in numbers high Chlorine  concentrations  of 10 mg/l must be maintained
enough to represent a public health threat although low for  30 minutes in order to inactivate giardia [11]. A
enough to pose serious difficulties for their detection. number of variables influence the amount of chlorine
Water-related diseases are associated with exposure to necessary for disinfection. These include pH, water
water environments especially, waters used for drinking temperature and turbidity [11]. Longland [12] gave a

liters can pose a significant risk of infection to persons
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thorough explanation of tests that  can  be  conducted  in Viral Nucleic Acid Extraction: It was done using
order to determine the chlorine demand in a given water BIOZOL Total RNA Extraction reagent (BIOFLUX, Japan)
supply. and according to the manufacturer’s instructions.

The efficacy of chlorine disinfection for viruses has
been evaluated in numerous studies over the years. Many Real Time Pcr for Quantification of Noroviruses, HEV
early studies focused on the disinfection of polioviruses and  Rotaviruses  in  Water  Samples:  Two steps real
by chlorine [13-19]. Early investigators suggested a time RT-PCR for quantification of noroviruses, HEV and
number of variables that must be controlled in the rotaviruses were used where the first step  RT  occurred
disinfection of viruses: contact time, temperature, ionic as following: NVs GGI RT at 55°C 1 hr using reverse
strength, pH, chlorine concentration and virus primer (NV1LCR), NVs GGII   RT at 55°C 1hr using reverse
aggregation [16, 20]. primer (COG2R),  according to kegeyama et al. [24] and

The objective of this study was to estimate the effect Kojima et al. [25], HEV RT at 42°C 1 hr using reverse
of chlorine on genome copies and infectious units of primer (3157 N) according to Kasorndorkbua et al. [26],
noroviruses, rotaviruses and Hepatitis E virus in drinking rotavirus RT at 50°C 1 hr using forward (VP6-3) and
water. reverse (VP6-4) primers according to Gallimore et al. [27].

MATERIALS AND METHODS SYBR green PCR master mix (Applied Biosystem UK) and

Inoculation of Different Doses of Chlorine in Water GGI and (QNIF2, COG2R) for NVs GGII according to
Samples Spiked with Tested Viruses: Different doses to kegeyama et al. [24] and Kojima et al. [25], forward and
realize a final titers of  (1x10 , 1x10 , 1x10 , genome reverse primers (3156N and 3157N ) for HEV according to5 6 7

copies/liter), of positive norovirus GGI stool sample and Kasorndorkbua et al. [26], and primers of  VP6-3 and VP6-
(1x10 , 1x10 , 1x10  genome copies/liter) of positive 4  for rotavirus according to Gallimore et al. [27]. The4 5 6

norovirus GGII stool sample,  human rotavirus Wa strain, condition for second step of real time RT-PCR was carried
simian rotavirus (kindly provided by Prof. Dr.Albert 45  cycles   for following  steps 95°C for  5 min, 95°C for
Bosch, University of Barcelona, Spain) and (1x10 , 1x10 , 15 sec, 60 °C for 1min and finally 65°C for 1min.4 5

1x10  genome copies/liter) of positive  HEV sewage6

sample were inoculated separately in two types of water CC-RT-PCR for Quantification of Infectious Rotavirus
samples: Particles: It was  done  according  to  Abad  et  al.  [28],

El-Senousy et al. [29] and Ghazy et al. [30] to estimate the
400 ml raw water (200 ml autoclaved sample to show initial doses of the infectious units of both rotavirus Wa
the effect of organic matter and animal debris on viral strain and simian rotavirus and also the number of the
protection against chlorine after dissolving by infectious units after chlorine treatment. Rotavirus cell
autoclaving and 200 ml non-autoclaved samples). culture RT-PCR (CC-RT-PCR) assay was performed on
400 ml f drinking water (200 ml autoclaved sample to suspensions of infected MA104 cells. Set of primers VP6-
show the effect of organic matter and animal debris F and VP6-R were used. The RT-PCR method was the
on viral protection against chlorine after dissolving same as described previously. The detection limit in this
by autoclaving and 200 ml non-autoclaved samples). tissue culture assay using 100 µl of inoculum was 1x10
Three doses  from  chlorine  5  mg/l  [for  raw  water], CC-RT-PCR units/ml (u/ml), where CC-RT-PCR u is the
4 mg/l and 3 mg/l [for drinking water] and time of reciprocal end point dilution detectable by CC-RT-PCR. 
contact was 15 minutes.

Concentration of Water Samples: After inoculation, the
water  samples  either  autoclaved  or  non-autoclaved It was found that the chlorine dose 5mg/l for 15 min
were filtered  through  nitrocellulose  membrane  filter is sufficient to remove 1 log from the initial dose of
(Shleicher and Schuell, 0.45 µm pore size and 142 mm norovirus GGI before autoclaving the raw water sample.
diameter filter series) [21, 22], followed by organic While the same dose after autoclaving the raw water
flocculation according to Katzenelson et al. [23]. sample  is sufficient to remove 2 log  from the initial dose

The second step of real time PCR was done  using power

forward and reverse primers( QNIF4, N1LCVR) for NVs

1

RESULTS AND DISCUSSION

10
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Table 1: Effect of different doses of chlorine on different doses of Norovirus GGI genome copies/liter in raw Nile water and drinking water spiked samples.
Raw Nile water Drinking water
-------------------------------------------------------------------- -----------------------------------------------------------------------------
5 mg/l 3 mg/l 4 mg/l
------------------------------------------------------------------ ------------------------------ -------------------------------
Final viral Final viral Final viral genome Final viral genome 

Initial doses of genome titer in titer in titer in autoclaved and titer in autoclaved and
the viral genome non-autoclaved samples autoclaved samples non-autoclaved samples non-autoclaved samples
1 x10 2 x10 1 x10 0 05 4 3

1 x10 3 x10 1 x10 2 x10 06 5 4 2

1 x10 3 x10 3 x10 1 x10 1 x107 6 5 3

Slope:-3.315, Rsq :0.992, Ct ranged from 22.71 to 38.74

Table 2: Effect of different doses of chlorine on different doses of Norovirus GGII genome copies/liter in raw Nile water and drinking water spiked samples.
Raw Nile water Drinking water
---------------------------------------------------------------- --------------------------------------------------------------------------
5 mg/l 3 mg/l 4 mg/l
--------------------------------------------------------------- ------------------------------ ----------------------------
Final viral Final viral Final viral genome Final viral genome 

Initial doses of genome titer in titer in titer in autoclaved and titer in autoclaved and
the viral genome non-autoclaved samples autoclaved samples non-autoclaved samples non-autoclaved samples
1 x10 2 x10 1 x10 0 04 4 2

1 x10 3 x10 1 x10 2 x10 05 4 3

1 x10 3 x10 3 x10 3 x10 06 5 4 2

Slope:-3.315, Rsq :0.992, Ct ranged from 22.71 to 38.74

of virus. On contrary, in drinking water samples either human adenoviruses 2, 40 and 41 (HAdV2, HAdV40 and
before or after autoclaving the samples it was found that HAdV41), coxsackieviruses B3 and B5 (CVB3 and CVB5),
the chlorine dose 3mg/l for 15 min is sufficient to remove echoviruses 1 and 11 (E1 and E11) and murine norovirus
5 logs from the initial dose of virus, but when we used (MNV) were compared using either 0.2 mg of free chlorine
higher the initial dose of the virus to 1 x10  or 1 x10 only or 1  mg of  monochloramine/liter at pH 7 and 8 in6 7

4 log reduction occurred. Also the chlorine dose when buffered reagent-grade water at 5 degrees C. CT values
increased to 4 mg/l, completely viral removal occurred at (disinfectant   concentration   x  time)   for   2-  to 4-log
initial dose 1 x10 and 1 x10   but only 6 log  reduction (99 to 99.99%) reductions in virus titers were calculated by5 6

10

occurred when we increased the initial dose of the virus using the efficiency factor Hom model. The enteroviruses
to 1 x10  (Table 1). required the longest times for chlorine inactivation and7

It was found that the chlorine dose 5mg/l for 15 min MNV  the  least  time.  CVB5 required the longest
is sufficient to remove 1 log from the initial dose of exposure time, with CT values of 7.4 and 10 mg x min/liter
norovirus GGII before autoclaving the raw water sample (pH 7 and 8) for 4-log  inactivation. Monochloramine
but no reduction occurred when the dose of the initial disinfection was most effective for E1 (CT values ranged
virus was 1 x10 and this might be attributed to the low of from 8 to 18 mg x min/liter for 2- and 3 log  reductions,4

the initial dose of the virus with high percentage from respectively). E11 and HAdV2 were the least susceptible
suspended solids. While the same dose after autoclaving to monochloramine disinfection (CT values of 1,300 and
the raw water sample is sufficient to remove 2 log  from 1,600 mg-min/liter for 3 log  reductions, respectively).10

the initial dose of virus. On contrary, in drinking water Monochloramine inactivation was most successful for the
samples either before or after autoclaving the samples it adenoviruses, CVB5 and E1 at pH 7. A greater variation in
was found that the chlorine dose 3mg/l for 15 min is inactivation rates between viruses was observed during
sufficient to make complete viral removal  at  low  initial monochloramine disinfection than during chlorine
dose of the virus (1 x10 ) but  with higher concentration of disinfection [31]. In the study of Kitajima et al. [32], the4

the virus only 4 log  reduction occurred. On the other murine norovirus (MNV) was inactivated faster than10

hand complete removal for the virus occurred when Poliovirus 1 (PV1) and there was no significant difference
increasing the chlorine dose to 4 mg/l in inoculated in  the  viral  RNA reduction rate between human
drinking water samples (Table 2). The inactivation of norovirus (HuNoV) and MNV. The results suggested  that

10

10

10

10
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Table 3: Effect of different doses of chlorine on different doses of HEV genome copies/liter in raw Nile water and drinking water spiked samples.
Raw Nile water Drinking water
---------------------------------------------------------------- ----------------------------------------------------------------------------
5 mg/l 3 mg/l 4 mg/l
-------------------------------------------------------------- ------------------------- ----------------------------
Final viral Final viral Final viral genome Final viral genome 

Initial doses of genome titer in titer in titer in autoclaved and titer in autoclaved and
the viral genome non-autoclaved samples autoclaved samples non-autoclaved samples non-autoclaved samples
1 x10 1 x10 2 x10 0 04 3 2

1 x10 3 x10 2 x10 3x10 05 4 3

1 x10 1 x10 3 x10 3x10 06 5 4 2

Slope:-3.238, Rsq: 0.996, Ct ranged from 22.87 to 39.11

appropriate water treatment process with chlorination can either rotaviruses genomes or infectious units were
manage the risk of HuNoV infection via drinking water completely removed except for the higher initial dose of
supply systems. both genomes of rotavirus Wa strain and simian rotavirus

It was found that the chlorine dose 5 mg/l for 15 min (1x10 genome copies/liter) only 5 log  from the initial
is sufficient to remove 1 log  from the initial dose of HEV doses of both rotaviruses were removed. The results10

before autoclaving the raw water sample. While the same showed complete similarity between human and animal
dose from chlorine after autoclaving the raw water sample rotavirus strains (Tables 4 and 5).
iwas sufficient to remove 2 log  from the initial dose of The efficacy of copper and silver ions, in10

virus. On contrary, in drinking  water sample either before combination  with  low  levels  of  free  chlorine    (FC),
or after autoclaving the samples it was found that the was evaluated for the disinfection of hepatitis A virus
chlorine dose 3mg/l for 15 min is sufficient to remove 4 (HAV), human rotavirus (HRV), human adenovirus and
log  from the initial dose of virus but when we increased poliovirus (PV) in water. HAV and HRV showed little10

the chlorine dose to 4mg/l, HEV genome was completely inactivation in all conditions. PV showed more than a 4
removed (6 log  reduction) (Table 3). Girones et al. [33] log  titer reduction in the presence of copper and silver10

reported  that  using immunofluorescence and combined with 0.5 mg of FC per liter or in the presence of
quantitative reverse transcription polymerase chain 1 mg of FC per liter alone. Human adenovirus persisted
reaction (RT-qPCR) assays, HEV has been shown to be longer than PV with the same treatments, although it
susceptible to chlorine disinfection and presented persisted significantly less than HRV or HAV. The
equivalent kinetics to human adenoviruses. The C(t) addition of 700 µg  of  copper  and  70  µg  of  silver per
values observed for a 2-log reduction of HEV were 0.41 in liter did not enhance the inactivation rates after the
buffered demand-free water and 11.21 mg/L × min in the exposure  to 0.5 or 0.2 mg of FC per liter, although on
presence of 1% sewage. The results indicated that the some occasions it produced a level of inactivation similar
inactivation kinetics of HEV and  HadV2  are  equivalent to that induced by a higher dose of FC alone. Virus
and support the use of chlorine disinfection as an aggregates were observed in the presence of copper and
effective strategy to control HEV waterborne silver ions, although not in the presence of FC alone. This
transmission. data indicated that the use of copper and silver ions in

It was found that the chlorine dose 5mg/l for 15 min water systems may not provide a reliable alternative to
is sufficient to remove 1 log  either from the initial dose high levels of FC for the disinfection of viral pathogens10

of the genome copies or the infectious units of both [34].
rotavirus   Wa  strain  and  simian  rotavirus  before The reduction of rotaviruses, noroviruses and HEV
autoclaving the raw water sample. While the same dose in drinking water samples was higher than their reduction
after autoclaving the raw water sample is sufficient to in raw Nile water samples and this might be due to the
remove 2 log  either from the genome copies of both presence of high quantity of suspended solids in raw Nile10

rotaviruses and their infectious units. On contrary, in water which play an important role in the protection of the
drinking water samples either before or after autoclaving viruses from exposure to the chlorine. From the same
the samples, it was found that the  chlorine  dose  3mg/l point of view, the reduction of rotaviruses, noroviruses
for 15 min is sufficient to remove 3 log  either from the and HEV was higher in the autoclaved raw Nile water10

genome copies of the rotaviruses and their infectious samples than their reduction in the non-autoclaved
units, but when increasing the chlorine dose to 4mg/l samples  as  a  result of the breakdown of the suspended

6
10

10
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Table 4: Effect of different doses of chlorine on different doses of Human rotavirus Wa strain genome copies/liter and infectious units (CC-RT-PCR units/liter) in raw Nile water and drinking
water spiked samples.

Raw water Drinking water
-------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------
5 mg/l 3 mg/l 4 mg/l
------------------------------------------------------------------------------ ------------------------------------------ --------------------------------------------

Initial Final viral Final viral Final viral Final viral Final viral Final viral Final viral Final viral
Initial doses of genome infectious genome infectious genome titer in infectious units in genome titer in infectious units
doses of rotavirus titer in units in titer in units in autoclaved and autoclaved and autoclaved and in  autoclaved and
the viral infectious non-autoclaved non-autoclaved autoclaved non-autoclaved non-autoclaved non-autoclaved non-autoclaved non-autoclaved
genome units samples samples samples samples samples samples samples  samples

1 x10 1 x10 2 x10 1x10 3 x10 0 5 x10 0 0 04 2 3 2 1

1 x10 1 x10 2 x10 1x10 2 x10 1x10 3 x10 0 0 05 3 4 2 3 2

1 x10 1 x10 4 x10 1x10 1 x10 1x10 3 x10 1x10 1 x10 06 4 5 3 4 2 3

Slope:-3.315, Rsq :0.992, Ct ranged from 22.71 to 38.7

Table 5: Effect of different doses of chlorine on different doses of animal (simian rotavirus SA11 strain) genome copies/liter and infectious units (CC-RT-PCR units/liter) in raw Nile water
and drinking water spiked samples.

Raw water Drinking water
------------------------------------------------------------------------------ -------------------------------------------------------------------------------------------
5 mg/l 3 mg/l 4 mg/l
------------------------------------------------------------------------------ ------------------------------------------ ----------------------------------------------

Initial Final viral Final viral Final viral Final viral Final viral Final viral Final viral Final viral
Initial doses of genome infectious genome infectious genome titer in infectious units in genome titer in infectious units
doses of rotavirus titer in units in titer in units in autoclaved and autoclaved and autoclaved and in  autoclaved and
the viral infectious non-autoclaved non-autoclaved autoclaved non-autoclaved non-autoclaved non-autoclaved non-autoclaved non-autoclaved
genome units samples samples samples samples samples samples samples  samples

1 x10 1 x10 2 x10 1x10 3 x10 0 5 x10 0 0 04 2 3 2 1

1 x10 1 x10 2 x10 1x10 2 x10 1x10 3 x10 0 0 05 3 4 2 3 2

1 x10 1 x10 4 x10 1x10 1 x10 1x10 3 x10 1x10 1 x10 06 4 5 3 4 2 3

Slope:-3.315, Rsq :0.992, Ct ranged from 22.71 to 38.74

solids during the autoclaving process and this lead to 2. United States Environmental Protection Agency
exposure of the virus to high quantity of the chlorine in (USEPA), 2006. National primary drinking water
the autoclaving raw water samples than non-autoclaving. regulations:    ground   water   rule.   Fed     Regist.,

CONCLUSIONS 3. Maier, R.M., I.I. Pepper and C.P. Gerba, 2000.

Rotaviruses were more resistant to chlorine than Academic Press.
noroviruses and HEV. On the other hand the genomes of 4. Gerba, C.P., J.B. Rose,  C.N. Haas and K.D. Crabtree,
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