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Abstract
Water-related diseases are associated with exposure to water environments in many ways. Enteric viruses poses
major health problem to humans and it is difficult to detect the entire enteric viruses from the environmental water
samples. Adenoviruses, one of the members of enteric viruses whose prevalence is higher than other members may
be considered as index organism for viruses. A PCR based detection method followed by dot blot hybridization
using a specific probe was adapted to detect the presence of adenoviruses from environmental water samples.
Sewage (treated and untreated), drinking water, seawater and stool (below 5 years) samples were collected from
Chennai city and processed for the presence of Adenovirus. Sewage samples showed 100% positive for adenovirus,
3out of 10 drinking water samples and 2 out of 3 sea water samples were found to be contaminated with adenovirus.
Among the 12 stool samples collected from children below 5 years 4 were infected with adenoviruses. The probe
developed for the 140 bp PCR amplicon replicated the same results in dot hybridization technique. The method
promises to be confirmative step and increases the sensitivity and specificity for Adenovirus detection from
Environmental water samples.
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_______________________________________________________________________________________
INTRODUCTION:
Adenoviruses are dsDNA viruses classified up to
52 serotypes causing several diseases such as
conjunctivitis, gastroenteritis,
acute respiratory
diseases, meningoencephalitis, etc. Next to Rotaviruses
Human adenoviruses (HAdVs) are the second most
important
viral
candidate
causing
infantile
gastroenteritis (Basu et al., 2003; Logan et al., 2006;
Meqdam et al., 2007; Shimizua et al., 2007). The
gastroenteritis causing adenovirus strains were
frequently reported in aquatic environments and they
are introduced through the human activities such as
leakages of sewage, septic systems, urban runoff,
agricultural runoff, and in the case of estuarine and
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marine waters, sewage outfall and vessel wastewater
discharge. The important modes of adenovirus
transmission are by fecal-oral route and inhalation of
aerosols. The ubiquitous presence of HAdVs in the
water environment made the researchers to consider
them as preferred candidate for viral indicator organism
(Griffin et al., 2001; Jiang et al., 2005; Pina et al.,
1998).
The virological analysis of water requires the
need to concentrate and recover the low number of
viruses from large volumes of sample. The
concentration method should be rapid, simple,
providing a smaller volume of concentrate with high
virus recovery and has to be inexpensive. Positively
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charged filters (Sobsey and Glass, 1980), glass wool
(Vilagines et al., 1993) and GAC UAPB (Jothikumar et
al., 1995) based methods are still among the best
possibilities. Sampling large volumes requires a twostep concentration procedure, with polyethylene glycol
precipitation (Lewis and Metcalf, 1988) and
ultrafiltration (Rutjes et al., 2006) as preferred
procedures for re-concentration of the primary eluent.
Precise and reliable detection method was
required to identify the HAdVs from the environmental
samples. PCR based genome amplification methods are
used for the rapid and sensitive identification of
adenoviruses. Many primers were used previously
targeting the hexon region of the viral genome (Allard
et al., 2001; Avelon et al., 2001; Castignolles et al.,
1998; Echavarria et al., 1998; Lu and Erdman, 2006;
Puig et al., 1994; Rohayem et al., 2004) which has been
considered as the highly conserved region for the
adenoviruses. Genome based techniques have been
applied either to detect all adenovirus types (Dalapathy
et al., 1998; Flomenberg et al., 1997), or for the specific
detection of some adenoviruses (Akerblom et al., 1997;
Tiemessen and Nel, 1996). The present work deals with
the designing of a probe specific to the HAdVs
serotypes and their implication to detect the
Adenoviruses from environmental water samples and
stool samples.
MATERIALS AND METHODS:
Concentration of viruses from environmental water
samples
One hundred liter of drinking water samples from
10 different zones of Chennai city were concentrated
for virus by ultra filtration method using hollow
membrane fiber filter (Hill et al., 2005). The hollow
filter was directly connected to the tap and water
allowed to flow through. Volume was calculated by the
flow rate from the outlet tube. Treated and untreated
sewage samples (1L) were collected from three sewage
treatment centers of Chennai city (6 samples) and 10 L
of seawater samples were collected from 3 different
sites of Chennai coastal region and concentration
procedure was carried out by GAC UAPB method
(Jothikumar et al., 1995). Twenty diarrheal stool
samples of children below 5 years were collected from
a clinical laboratory.
Polymerase Chain Reaction
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CTAB method was followed to isolate DNA from
concentrated environmental samples and stool samples
(Jothikumar et al., 1995). Primer pairs ADRJC1 5′GACATGACTTTCGAGGTCGATCCCATGGA-3′
ADRJC2
5′CCGGCTGAGAAGGGTGTGCGCAGGTA-3′
(Cooper et al., 1999) were used to amplify a 140 bp
DNA segment. Reaction was carried out using 2X
master mix (Bangalore Genei, Bangalore, India) having
5µL of DNA as template. Amplification was performed
in MyGene series Gradient thermocycler by using the
settings of 95°C for 5 min followed by 40 cycles of
94°C for 1 min, 55°C for 1 min and 72°C for 1 min.
The PCR products were analysed with 2% agarose gel.
Dot blot hybridization
A
23
mer
probe
5′GAAGTCTTTGACGTGGTCCGTGT-3′ was designed
in between the 140 bp sequence of PCR product. The
probe was labeled with Biotin DecaLabel DNA
Labeling Kit (Fermentas, USA). 15 µL of denatured
PCR product were applied to Hybond N+ Membrane
(Amersham, USA) using a 96-well filtration manifold
as previously described (Muscillo et al.,1992). Biotin
Chromogenic detection kit (Fermentas, USA) was used
to detect the purple colored precipitate formation.
RESULT AND DISCUSSION
The importance given to enteric viruses has been
increased as they are frequently observed in
environmental sources which may result in waterborne
viral outbreaks. The recent developments in the
molecular detection substantially increases the
knowledge about the contaminating viruses but
practically it is difficult to detect all the viruses present
in the water which results in holding onto a indicator
for viruses. As the incidence of adenoviruses recorded
are high when compared to the other enteric viruses
makes their candidature better to suit the role.
Concentration methods
Jothikumar et al. (1995) has compared the GAC
UAPB method with the membrane filtration technique
for the concentration of different viruses from the water
samples and recorded the better recovery rate of viruses
in GAC UAPB method. Although the method is very
cost effective it is having its limitations while
processing large volume of samples as it has the
necessity of sample preprocessing. For larger volumes
Hollow membrane ultra filtration is practically very
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effective while using raw sample and it is very easy to
sample and elute. Due to the pore size of the membrane
it is difficult to process the high TDS samples and
sewage samples. In this study we adapted the suitable
concentrationn techniques for different types of
environmental samples.
Polymerase chain reaction results
The sensitivity and the specificity of the primers
were already demonstrated by Elnifro et al. (2000) and
also showed the capability of the primer to amplify the
different serotypes.
Environmental water samples
Samples
amples from all the three sewage treatment
plants regardless of treated or untreated showed positive
for HAdVs which refers the treatment procedure fails to
have their barrier on adenovirus. The study conducted
by Hee and Jiang (2005) reveals the concentration of
HAdv were at a level of 105 virus particles/litre in
primary and secondary treated sewage.
sewage The prevalence
and the frequency of adenovirus is more due to the
excretion up to 1011 viral particles per gram of stool
s
from the infected persons (Pina et al., 1998, Wadell et
al., 1987). The 140 bp signature band (Figure 1)
indicating the presence of Adenovirus was observed in
three drinking water samples which accounts for 30%
positive (Figure
ure 2) and the contamination may be due to
the intrusion of sewage into the pipelines of the water
supply. Amon
Amongst
st the three seawater samples two are
contaminated with adenoviruses were likely to be
originated from an on
on-site
site contamination event related
to human
man activity.
Stool samples
Samples were collected from children below
5years showed 4 out of 12 children whose stool samples
analyzed were infected with adenoviruses. Normally
adenovirus infections are acute but it might also cause
persistent infections characterized by prolonged and
intermittent fecal excretion. Allard et al. (1992)
observed shedding of Adenoviruses from individuals
affected with diarrhoea and also in healthy individuals.

Figure 1: Gel photograph of PCR product from
fr
Drinking
water samples
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Figure 2: Percentage of adenovirus positive samples

Dot blot analysis
The newly developed probe is highly specific for
140 bp amplicon and it is also designed to hybridi
hybridizze
with different serotypes. It gives further confirmation
about the presence of adenovirus. The PCR positive
samples replicated the same in the hybridization assay
which increases the sensitivity, stability and reliability
of the viral detection (Figure 3).
3

Negative

Figure
ure 3: Blot Hybridization photo

CONCLUSION
Emerging opportunities for total virus and virus
nucleic acid concentration and purification include
improvements to adsorption/elution and filtration
methods. The biotinylated probe based confirmation
method demonstrated in the present study increases the
reliability and sensitivity of the PCR method. Also th
this
is
study supports the idea of considering adenoviruses as
index organism for viruses in water analysis.
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