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Human adenoviruses (HAdV) and human polyomavirus JCPyV have been previously proposed as indicators
of fecal viral contamination in the environment. Different wastewater matrices have been analyzed by applying
real-time quantitative PCR procedures for the presence, quantity, and stability of a wide diversity of excreted
HAdV and JCPyV. High quantities of HAdV and JCPyV were detected in sewage, effluent wastewater, sludge,
and biosolid samples. Both viruses showed high stability in urban sewage. These results confirm the suitability
of both viruses as indicators of human fecal viral pollution.

Two groups of DNA viruses have been proposed as indica-
tors of the presence of human viral pathogens in the environ-
ment: human adenoviruses (HAdV) and human polyomavi-
ruses (2, 13, 14). PCR-based procedures have been described
for the detection of these viruses in environmental samples (2,
13). The aim of this study was to analyze the presence, quan-
tity, and stability of HAdV and human polyomavirus JCPyV in
different wastewater matrices. The applied real-time quantita-
tive PCR (QPCR) procedures showed enough sensitivity to
detect not only specific serotypes but also a wide diversity of
excreted strains. The presence of hepatitis E virus (HEV),
considered an emergent pathogen in developed countries, was
also evaluated in this study by conventional nested-PCR tech-
niques (5).

A total of 28 samples were obtained from a wastewater
treatment plant located in the south of Barcelona (Spain)
which treats the domestic and industrial wastewater from a
population equivalent of 400,000 with a capability of 72,000 m3

per day. The treatment includes primary sedimentation and
aerobic activated sludge digestion. The samples analyzed con-
sisted of six raw sewage samples, seven treated wastewater
samples, eight sludge samples (dry weight, 3.6% to 4%) and,
finally, seven biosolid samples (dry weight, 25%).

Recovery of viral particles from sewage was carried out
following a previously described procedure (13) presenting an
estimated recovery efficiency of 34% for JCPyV. Recovery
of viral particles from effluent wastewater was carried out
following EPA procedure 600/4-84/013 (N14) (www.epa.gov
/microbes/chapt14.pdf) combined with a second concentration
procedure (13). The recovery efficiencies observed for this
combined procedure were 0.15 to 0.16% for JCPyV and 2 to
25% for HAdV. Recovery of viral particles from sludge and
biosolid samples was carried out by applying a method based
on EPA 600/4-84/013 (R7) (www.epa.gov/nerlcwww/chap7.pdf)

with minor modifications. Viral nucleic acids were extracted by
a procedure described by Boom et al. (3) which have been
previously detailed (7).

Two QPCR procedures based on the use of TaqMan probes
(8, 9) were evaluated for their suitability in the analysis and
quantification of HAdV present in different wastewater matri-
ces (Table 1). After comparing the two QPCR methods by
statistically analyzing the results obtained by applying two dif-
ferent analysis of variation (ANOVA) tests, we concluded that
assay 1 (9) was significantly different from assay 2 (8) in that it
detected a higher number of HAdV (P � 0.012 in the repeated
measures ANOVA for sewage and effluent wastewater; P �
0.004 in the repeated measures ANOVA for sludge and bio-
solids; P � 0.001 for both sewage and effluent wastewater and
for sludge and biosolids in the nested hierarchical ANOVA).
The specificity of assay 1 for detecting the diverse HAdV
serotypes had been previously evaluated, and adenoviruses
belonging to all six human species have been detected. How-
ever, some strains of animal adenoviruses excreted by farm
animals may also be detected with the described protocol (data
not shown).

HAdV assay 1 had been performed using probe AdP1. A
second probe, AdP2, originally designed to better detect some
adenovirus serotype B strains, did not improve the results
when added to AdP1 in the analysis of environmental samples
(data not shown).

The quantification of JCPyV has been evaluated using a
QPCR assay (11) that showed to be specific and highly sensi-
tive for JCPyV, which is a very stable DNA virus presenting a
low level of genetic variability. To the best of our knowledge,
this is the first attempt to detect JCPyV in treated urban
sewage and in the sludge and/or biosolids generated in waste-
water treatment plants (Table 1).

The sensitivities of both QPCR assays applied in this study
were estimated to be of 1 to 10 genome copies (GC).

High concentrations of HAdV and JCPyV were found in
sludge and biosolid samples (Tables 1 and 2). HEV RNA was
also detected in 6/12 analyzed samples by seminested reverse
transcription-PCR (RT-PCR) with degenerated primers (6) as
previously described (5) by use of a one-step RT-PCR proce-
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dure (QIAGEN OneStep RT-PCR kit) (Table 1). HEV strains
were typed as genotype 3, but in two samples genotype 1 was
observed. HEV has traditionally been considered nonendemic
in industrialized areas, but several isolates of the virus have
been recently identified in these areas. Previous studies carried
out in Barcelona revealed a high frequency of HEV-positive
sewage samples (43.5%) and identified clinical cases of spo-
radic acute hepatitis E (4, 5, 12).

The recovery efficiency of the concentration method used
for sewage is much higher than that for the method applied to
treated water samples, which are processed using filtration-
elution methods. By applying the procedure used for sewage to
recover viruses from 40 ml of treated effluent wastewater,
higher values for HAdV were obtained (four samples; mean
value � 8.08 � 101 GC/ml).

Enzymatic inhibition has been observed by other authors
when applying this methodology to environmental samples
(10). In this study, enzymatic inhibition was also observed

when external controls, known quantities of target, were added
to nucleic acid extraction from the environmental samples
without previous dilution of the extractions. However, the high
level of viral contamination in this kind of sample allows the
preparation of dilutions, thus avoiding inhibitory conditions
and producing reliable information on viral concentration; this
reliability has been proven by the statistical analysis of two
different 10-fold dilutions (1:10 and 1:100) of the sample tested
(P � 0.281 and 0.430 for sewage/effluent wastewater and
sludge/biosolids, respectively).

In order to study the stability of HAdV and JCPyV in sew-
age samples, raw sewage was kept in nonhermetic glass con-
tainers in a 20°C thermostatic room, and aliquots of 42 ml were
collected and concentrated at days 0, 1, 4, 7, 14, 21, 28, 42, 84,
105, 135, 168, 225, and 300 as described above. Viral genomes
present in the samples were evaluated by the described QPCR
assays. Sterile spiked phosphate-buffered saline (PBS) was
kept as a control for the experiment. Samples were tested in

TABLE 1. Quantification by HAdV and JCPyV QPCR and presence of HEV evaluated by nested RT-PCR in different types of wastewater
matrices obtained from a wastewater treatment plant

Sample type Date of collection
(day/mo/yr)

Genome copies of: Presence
of HEVHAdV (assay 1) HAdV (assay 2) JCPyV

Sewage 23/11/2004 1.16 � 105/ml 1.40 � 104/ml 7.99 � 103/ml �
29/11/2004 9.54 � 104/ml 3.12 � 104/ml 6.76 � 103/ml �
21/12/2004 1.58 � 104/ml 8.59 � 103/ml 8.39 � 103/ml �
07/02/2005 4.76 � 102/ml NTa 2.50 � 103/ml �
07/03/2005 2.56 � 103/ml NT 8.92 � 103/ml NT
11/04/2005 2.07 � 103/ml NT 1.15 � 103/ml �

Effluent 23/11/2005 3.25 � 103/liter 1.16 � 103/liter 4.21 � 102/liter �
29/11/2004 9.03 � 103/liter 7.80 � 103/liter 9.69 � 102/liter NT
21/12/2004 1.78 � 103/liter 5.94 � 102/liter 2.33 � 102/liter �

Sludgeb 21/11/2004 5.06 � 103/ml 4.33 � 103/ml 3.95 � 104/ml NT
29/11/2004 1.26 � 103/ml 3.94 � 101/ml 6.00 � 101/ml NT
21/12/2004 8.05 � 102/ml 1.54 � 102/ml 6.90 � 102/ml �
25/01/2005 6.49 � 103/ml 5.30 � 103/ml 1.07 � 102/ml NT
25/01/2005 1.04 � 104/ml 2.29 � 102/ml 2.80 � 101/ml NT
07/02/2005 1.11 � 104/ml 7.73 � 102/ml 2.40 � 101/ml NT
07/02/2005 4.97 � 102/ml 3.67 � 101/ml 6.02 � 103/ml NT
01/06/2004 1.67 � 103/ml 7.25 � 102/ml 4.54 � 101/ml NT

Biosolidc 23/11/2004 4.34 � 105/g NT NT �
29/11/2004 2.45 � 103/g 2.43 � 102/g 4.24 � 103/g �
25/01/2005 1.18 � 103/gl 1.02 � 104/g 7.71 � 103/g �
25/01/2005 2.17 � 103/g 5.00 � 102/g 4.39 � 103/g NT
07/02/2005 5.96 � 102/g 4.05 � 102/g 6.20 � 102/g NT
07/02/2005 2.02 � 103/g 2.94 � 102/g 3.42 � 102/g �
01/06/2004 2.37 � 103/g 8.09 � 102/g 2.03 � 103/g NT

a NT, not tested.
b Corresponding to 0.18 to 0.2 g of dry weight.
c Corresponding to 0.25 g of dry weight.

TABLE 2. Mean values and sigma for HAdV and JCPyV GC in the different wastewater matrices analyzeda

Type of sample
analyzed

HAdV assay 1 HAdV assay 2 JCPyV

Mean value Sigma Mean value Sigma Mean value Sigma

Sewage (ml) 3.87 � 104 3.78 � 103 1.79 � 104 4.58 � 103 6.11 � 103 2.58 � 103

Effluent (ml)b 4.69 4.69 3.19 � 100 0.95 0.63 0.28
Sludge (g �dry wt�) 1.83 � 102 8.64 � 101 5.50 � 101 2.36 � 101 2.35 � 102 1.02 � 102

Biosolid (g �dry wt�) 1.59 � 104 2.24 � 104 5.19 � 102 1.89 � 102 8.05 � 102 5.94 � 102

a Sigma is the repeatability error for any individual measure and consists of the square root of the mean square error of the one-way ANOVA. Results are expressed
as GC/ml for wastewater or GC/g of dry weight for sludge and biosolids.

b Samples were concentrated using electropositive filters and organic flocculation.
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two parallel assays with and without previous treatment with
DNase before the nucleic acid extraction in order to identify
potential free DNA in the samples. The analysis applied, using
simple linear regression, had previously been described when
the stability of human polyomaviruses in sewage samples was
studied by use of limiting-dilution nested-PCR assays (1).

The t90 (time required to observe a reduction of 90% in the
initial viral concentration) and t99 values have been calculated
according to the regression curve obtained. A t90 of 60.9 days
and a t99 of 132.3 days for HAdV (Fig. 1a) and a t90 of 63.9 days
and t99 of 127.3 days for JCPyV (Fig. 1b) were estimated.
When DNase was added, we estimated a t90 of 55.8 days and a
t99 of 126.1 days for HAdV and a t90 of 59.3 days and t99 of
121.4 days for JCPyV. As expected, the studied viruses showed
higher stability in PBS than in sewage. The estimated t90 values
for HAdV and JCPyV in PBS were 236.8 and 110.8 days,
respectively, and were 140.7 and 80.8 days when samples were
pretreated with DNase. The high stability of the HAdV ob-
served is in agreement with what has been previously described
(15). No remarkable differences have been noticed when DNase
was added to the experiment, and the genomes detected presum-
ably represent full viral particles. The infectivities of viruses
present in the analyzed samples have not been tested due to the
difficulty of culturing low concentrations of these environmental
strains, especially JCPyV strains, which typically present arche-
typal regulatory regions and are very difficult to grow in cell
culture.

Adenoviruses present in urban sewage samples kept at 20°C
after 4, 42, and 105 days were amplified by nested PCR (1), and
the amplicons obtained were cloned and sequenced in order to
study the variability of the serotypes present in the samples
through time. Three clones of two different nucleic acid ex-
tractions per day were analyzed; thus, six clones per day were

obtained in the end. Nucleotide sequences corresponding to
serotypes 40, 41, 31, 34, 35, 11, and 12 were detected over the
105 analyzed days, showing no significant differences in stabil-
ity between the different serotypes present during the experi-
ment.

The specific detection and quantification by QPCR of
HAdV and JCPyV in different wastewater matrices might
serve as a useful tool for indicating the presence of viral patho-
gens and for evaluating the efficiency of virus removal in waste-
water treatment plants and the risk associated to the applica-
tions of biosolids in agricultural practices, as well as for
controlling the virological quality of recycled water.
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FIG. 1. Stability of HAdV (1a) and JCPyV (1b) in sewage samples.
The regression (discontinuous line) and transformed (solid line) values
of the averages of GC detected by QPCR in the three samples (sew-
age) are represented.
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