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sibility of quantifying virus agents by PCR represents a seminal
refinement in monitoring virology, since it enables the determination of removal efficiencies for nonculturable viruses.
However, real-time equipment may not be available in some
circumstances. In this study, an internal control is employed to
quantify RNA copies of astrovirus in sewage and water samples using both competitive reverse transcription-PCR (RTPCR) and competitive multiplex RT-PCR. Infectious astrovirus was quantified in parallel in the same samples using an
integrated cell culture RT-PCR (CC-RT-PCR) procedure.

The World Health Organization (WHO) website (http:
//www.who.int/water_sanitation_health/diseases/en/index.html)
reports that 1.8 million people, 90% of whom are children
younger than 5 years old, die each year from gastroenteritis
diseases. Nearly 90% of diarrheal infections are waterborne or
water related, and improved sanitation may reduce diarrhea
morbidity by 37.5%.
Among the viral agents responsible for gastroenteritis are
human astroviruses (HAstV), which were originally described
in 1975 in association with outbreaks of gastroenteritis in newborns (11) and which constitute a family of nonenveloped,
positive single-stranded RNA viruses, the Astroviridae (13).
Astrovirus infections occur worldwide and are most frequent in
young children, although illness rates increase again in the
elderly (12). Astroviruses are transmitted by the fecal-oral
route, and outbreaks have been associated with consumption
of sewage-polluted water and food (16, 17).
Phylogenetic analyses based on the well-conserved partial
sequence close to the protease motif coding region of astrovirus results in two clearly differentiated genogroups, genogroup
A (HAstV-1 to HAstV-5 and HAstV-8) and genogroup B
(HAstV-6 and HAstV-7) (3). Data on the occurrence and
epidemiology of astrovirus genogroup B are scarce.
Nucleic acid amplification-based techniques are a major step
forward in virus monitoring in water samples, in particular
when fastidious viruses are the target for detection. Real-time
PCR approaches enable not only qualitative determination but
also, and particularly, quantitative diagnostic assays. The pos-

MATERIALS AND METHODS
Samples. Three liters of both raw sewage and treated effluent samples were
collected monthly over a 1-year period (November 1998 to October 1999) from
three sewage treatment plants (Balaks, El-Berka, and Zenin in Cairo, Egypt).
Sewage treatment at Balaks consisted only of primary sedimentation, while an
activated sludge treatment was performed at El-Berka and Zenin. A final chlorination step (10 mg/liter) was performed year round at El-Berka, while chlorination at Zenin (0.5 mg/liter) was performed from May 1999 to October 1999.
Forty liters of both Nile water and final drinking water samples were collected
quarterly over the same year (December 1998 to September 1999) from three
drinking water treatment plants (El-Giza, El-Maadi, and Mostorod). Treatment
consisted of prechlorination, coagulation, sedimentation, rapid sand filtration,
and final chlorination.
All drinking water and wastewater treatment plants are inside the Greater
Cairo area.
Concentration of samples. Sewage samples were concentrated by filtration
through nitrocellulose membranes (0.45-m pore size and 142-mm diameter;
Schleicher & Schuell) and elution with 75 ml of 0.05 M glycine buffer, pH 9.5,
containing 3% beef extract (19, 21). Water samples were concentrated by direct
filtration through 1-MDS filters (Cuno) without preconditioning (22). Adsorbed
viruses were eluted with 1 liter of 0.05 M glycine buffer, pH 9.5, containing 3%
beef extract (20). All samples were reconcentrated by organic flocculation (8).
Viral nucleic acid extraction. Viral nucleic acids were extracted from 50-l
sample concentrates by guanidine thiocyanate lysis, adsorption to silica particles,
and elution with an aqueous low-salt buffer (4).
Viruses and cells. A cell-adapted strain (p23795) of human astrovirus serotype
4 (kindly provided by W. D. Cubitt, Great Ormond Street Hospital for Children,
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Quantification of human astrovirus genogroups A and B was undertaken with sewage and water samples,
collected from the Greater Cairo area in Egypt from November 1998 to October 1999, by a competitive reverse
transcription (RT)-PCR with an internal control. The number of RNA copies of genogroup A/liter in quantifiable samples ranged from 3.4 ⴛ 103 to 5.6 ⴛ 106 in raw sewage and from 3.4 ⴛ 103 to 1.1 ⴛ 104 in treated
effluents, while the number of infectious units per liter in these samples as determined by cell culture RT-PCR
(CC-RT-PCR U/liter) ranged from 3.3 ⴛ 101 to 3.3 ⴛ 103 in raw sewage and was 3.3 ⴛ 100 in treated effluents.
On the other hand, the number of RNA copies/liter in quantifiable genogroup B samples ranged from 1.1 ⴛ
104 to 8.7 ⴛ 106 in raw sewage and from 1.1 ⴛ 103 to 6.2 ⴛ 105 in treated effluents, while the number of
infectious units ranged from 3.3 ⴛ 101 to 3.3 ⴛ 105 CC-RT-PCR U/liter in raw sewage and from 3.3 ⴛ 101 to
3.3 ⴛ 102 CC-RT-PCR U/liter in treated effluents. These higher numbers of both RNA copies/liter and
infectious particles of genogroup B may indicate the emergence of genogroup B in the area. Additionally,
genogroup B astrovirus exhibited a higher resistance to removal treatments with regard to the number of RNA
copies per ml. When the equipment for real-time approaches is unavailable, a competitive PCR or RT-PCR
with an internal control may be employed for virus quantification in validations of the efficiency of virus
removal treatments.
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TABLE 1. Numbers of RNA copies and numbers of infectious particles per liter in raw sewage and treated effluent samples
positive for astrovirus genogroup Aa
Sample location, date

No. of RNA copies/liter
of raw sewage

CC-RT-PCR U/liter
of raw sewageb

No. of RNA copies/liter
of treated effluent

CC-RT-PCR U/liter
of treated effluent

Balaks, Dec. 1998
Balaks, Jan. 1999
Balaks, May 1999
Zenin, Nov. 1998
Zenin, Dec. 1998
Zenin, Jan. 1999
Zenin, Oct. 1999

2.4 ⫻ 105
2.3 ⫻ 106
1.1 ⫻ 104
5.6 ⫻ 106
1.1 ⫻ 105
3.4 ⫻ 103
NQ

3.3 ⫻ 101
3.3 ⫻ 101
⬍3.3 ⫻ 100
3.3 ⫻ 103
3.3 ⫻ 102
3.3 ⫻ 101
3.3 ⫻ 101

1.1 ⫻ 104
3.4 ⫻ 103
NQ
NQ
NQ
NQ
NQ

3.3 ⫻ 100
3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100

a
Reported values were determined by taking into consideration that 3-liter samples were concentrated to a final volume of 1 ml (3,000⫻ concentration factor). NQ,
nonquantifiable; the sample was positive only after Southern blot hybridization of the RT-PCR product.
b
The reciprocal endpoint dilution detected by CC-RT-PCR.

In consequence, to determine the actual numbers of HAstV copies of genogroup
B in samples that also contained HAstV genogroup A, the number of genome
copies estimated with primers A1/A2 must be subtracted from the number of
genome copies estimated with primers A1, A1bis, and A2 internal.
Quantification of infectious astrovirus. Infectious HAstV copy numbers were
calculated as numbers of cell culture RT-PCR units by following a previously
described procedure (1) based on combined infection of cultured CaCo-2 cell
monolayers and RT-PCR with sets of primers A1/A2 and A1bis/A2bis for genogroups A and B, respectively. An RT-PCR unit is defined as the reciprocal
endpoint dilution detectable by CC-RT-PCR. The detection limit of this assay is
1 ⫻ 101 CC-RT-PCR U/ml. Prior to cell monolayer infection, samples were
decontaminated with chloroform as described elsewhere (2).

RESULTS
Eight out of 35 (23%) raw sewage samples were positive for
HAstV genogroup A by RT-PCR and Southern blot hybridization, while 16 of these samples were positive for HAstV
genogroup B (46%). After treatment, 2 (6%) and 10 (29%)
treated effluent samples were positive for HAstV genogroups
A and B, respectively. With regard to drinking water, 1 out of
12 untreated Nile water samples (8%; Mostorod, June 1999)
and 1 out of 12 treated water samples (8%; Mostorod, June
1999) were positive for genogroup B HAstV. These higher
percentages of samples positive for genogroup B also correlated with higher numbers of RNA copies/ml (Tables 1 and 2).
With regard to infectious virus, numbers were also higher for
genogroup B, mainly in raw sewage.
In the two positive drinking water samples (Mostorod, June
1999; before and after treatment), the same number of 2.3 ⫻
103 RNA copies/liter was detected; however, the Nile water
sample contained 1.2 ⫻ 100 CC-RT-PCR U/liter, while no
infectivity was detected in the drinking water sample (data not
shown).
In an attempt to elucidate whether genogroups A and B
HAstV exhibited differential resistance to the virus removal
treatments applied to sewage, log reductions were estimated
for each genogroup and treatment (Table 3). While no differences could be observed at the infectivity level, significant (P ⬍
0.05) differences were seen in numbers of RNA copies, with
HAstV genogroup B being more persistent than genogroup A.
As expected, activated sludge treatment and/or chlorination in
combination with primary sedimentation were more effective
for HAstV removal, irrespective of the genogroup, than primary sedimentation alone.
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London, United Kingdom) was propagated in CaCo-2 cells, as previously described (18). Human astrovirus serotype 6 prototype strain was kindly provided
by M. Koopmans (RIVM, The Netherlands).
Molecular quantification of the astrovirus genogroup A genomes by a competitive RT-PCR with an internal control. Samples were screened for HAstV by
RT-PCR and Southern blot hybridization using previously published A1 and
A2 primers specific for genogroup A (7). Positive samples showing RT-PCR
product bands in agarose gels were quantified by a competitive RT-PCR with
primers A1/A2 in the presence of an internal RNA standard (internal control
[IC]). This IC is a 511-mer RNA molecule containing a region complementary to the A2 primer and, at a distance of 135 nucleotides, a region identical
to the A1 primer, thus establishing competitive conditions (5). The 135-bp IC
amplimer is easily distinguishable from the viral amplimers, whose lengths
range from 192 to 237 bp, depending on the strain (7). The sensitivity of
detection for the RNA IC in this RT-PCR, in the absence of viral RNA, was
17 molecules per reaction.
The competitive RT-PCR was performed in the same way as the standard
RT-PCR (7), but a known number of molecules of the RNA IC was added to
each reaction tube. Samples with an abundant PCR product in the HAstV
screening RT-PCR were quantified using serial sample dilutions, each of which
received a fixed number of molecules of the RNA IC. In contrast, samples with
a scarce PCR product were quantified using serial dilutions of the RNA IC mixed
with the undiluted sample. The detection limit for this competitive RT-PCR is
3.4 ⫻ 103 RNA copies/ml. The number of HAstV contained in a given sample
was estimated from the dilution where the viral PCR amplimer (192- to 237-bp
length) showed fluorescence intensity comparable to that of the IC PCR product
(135-bp length). In this way, it may be assumed that, for a given dilution, there
are approximately equal numbers of molecules of the RNA IC and of the viral
RNA, which enables the estimation of the number of genome copies for a given
volume.
Quantification of HAstV genogroup B genome copies by a competitive multiplex RT-PCR with an IC. Samples were screened for HAstV genogroup B by
RT-PCR with the specific primers A1bis (5⬘-CCTGCCCCCCGTATAATTAAA
C-3⬘) and A2bis (5⬘-ATAGGACTCCCATATAGGTGC-3⬘). HAstV quantification in the positive samples showing RT-PCR product bands in agarose gels was
performed by a competitive RT-PCR with primers A1 and A1bis and a newly
designed primer, A2 internal (5⬘-CCATACGTTTGTTTGTGAGTATGG-3⬘).
Primers A1 and A2 internal were used for the amplification of the RNA IC with
a predicted product size of 110 bp, while primers A1bis and A2 internal were
used for the amplification of a genogroup B, 167-bp genome fragment. Primer
A2 internal was used for the RT, and a known number of molecules of the RNA
IC were added to each tube. Samples with an abundant PCR product in the
previous screening were quantified using serial sample dilutions, each of which
received a fixed number of RNA IC molecules. In contrast, samples with a faint
PCR product were quantified using serial dilutions of the RNA IC mixed with
the undiluted samples. All primers—A1, A1bis, and A2 internal—were added to
the PCR mix containing 5 l of Expand buffer (Roche), 2 mM MgCl2, 0.2 mM
of each deoxynucleoside triphosphate, 0.5 M of each primer, and 0.525 U of the
Expand enzyme (Roche). After a 3-min denaturation step at 95°C, 40 cycles of
amplification at 94°C for 30 s, 50°C for 1 min, and 72°C for 30 s were performed,
with a final extension of 7 min at 72°C. The sensitivity of detection of the RNA
IC in this RT-PCR, in the absence of viral RNA, was found to be 17 molecules
per reaction, the same sensitivity as the RT-PCR with primers A1/A2. The set of
primers employed for astrovirus quantification in samples positive for HAstV
genogroup B amplifies the numbers of astroviruses of both genogroups A and B.
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TABLE 2. Numbers of RNA copies and numbers of infectious particles per liter in raw sewage and treated effluent samples
positive for astrovirus genogroup Ba
No. of RNA copies/liter
of raw sewageb

CC-RT-PCR U/liter
of raw sewagec

No. of RNA copies/liter
of treated effluent

CC-RT-PCR U/liter
of treated effluent

Balaks, Nov. 1998
Balaks, Jan. 1999
Balaks, May 1999
El-Berka, Nov. 1998
El-Berka, July 1999
El-Berka, Aug. 1999
El-Berka, Sept. 1999
Zenin, Nov. 1998
Zenin, Dec. 1998
Zenin, Jan. 1999
Zenin, Feb. 1999
Zenin, Apr. 1999
Zenin, May 1999
Zenin, June 1999
Zenin, July 1999
Zenin, Oct. 1999

3.8 ⫻ 105
8.7 ⫻ 106
8.7 ⫻ 105
1.1 ⫻ 105
1.1 ⫻ 104
1.1 ⫻ 104
1.1 ⫻ 105
9.9 ⫻ 105
5.4 ⫻ 106
6.2 ⫻ 105
3.7 ⫻ 105
1.1 ⫻ 105
1.1 ⫻ 105
1.1 ⫻ 104
1.1 ⫻ 104
1.1 ⫻ 105

3.3 ⫻ 103
3.3 ⫻ 103
3.3 ⫻ 102
3.3 ⫻ 103
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
3.3 ⫻ 102
3.3 ⫻ 103
3.3 ⫻ 105
3.3 ⫻ 102
3.3 ⫻ 102
3.3 ⫻ 101
3.3 ⫻ 101
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
3.3 ⫻ 102

9.9 ⫻ 104
1.1 ⫻ 105
6.2 ⫻ 105
1.1 ⫻ 103
NQ
NQ
NQ
1.1 ⫻ 103
NQ
1.1 ⫻ 104
1.1 ⫻ 104
NQ
NQ
NQ
NQ
1.1 ⫻ 103

3.3 ⫻ 102
3.3 ⫻ 102
3.3 ⫻ 101
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100
⬍3.3 ⫻ 100

a
Reported values were determined by taking into consideration that 3-liter samples were concentrated to a final volume of 1 ml (3,000⫻ concentration factor). NQ,
nonquantifiable; the sample was positive only after Southern blot hybridization of the RT-PCR product.
b
The actual numbers of HAstV genogroup B copies in samples that also contained HAstV genogroup A were obtained by subtracting the number of genome copies
estimated with primers A1/A2 (Table 1) from the numbers of genome copies estimated with primers A1, A1bis, and A2 internal.
c
The reciprocal endpoint dilution detected by CC-RT-PCR.

DISCUSSION
Methods for virus quantification are required to evaluate the
efficiencies of treatments for virus removal in wastewater and
drinking water treatment plants. In the present study, a competitive RT-PCR using an RNA IC was employed to quantify
HAstV copy numbers in sewage and water samples, before and
after treatment, from Greater Cairo. In this way, HAstV genogroups A and B were quantified in raw and treated wastewater
and in river and drinking water samples that were previously
screened for genogroup A and B HAstV. Furthermore, the
addition of the RNA IC in the RT mix enabled dismissal of the
possibility of the presence in RT–PCR-negative samples of
substances interfering with the enzymes when the IC amplimer
was visualized.
In a previous study with sewage samples collected from
treatment plants during 1995 in France (9), the one sample
from which enteroviruses could be quantified had a concentration of about 103 viral copies/ml. In this French study, 400
copies of the IC were introduced into the RT mix, and the
sensitivity threshold was 300 viral copies/ml of sample. Consequently, it could be assumed that the rest of the samples may
have contained a number of copies of RNA below the sensi-

TABLE 3. Mean levels of differential astrovirus genogroup removal
(log10) by different treatments over the study perioda
Primary
sedimentation

Primary
sedimentation
activated sludge

Genogroup

A
B
a

Primary
sedimentation
activated sludge
chlorination

No. of
RNA
copies

CC-RTPCR U

No. of
RNA
copies

CC-RTPCR U

No. of
RNA
copies

CC-RTPCR U

2.7 ⫾ 1.3
0.9 ⫾ 0.9

1.0 ⫾ 0.0
1.0 ⫾ 0.0

5.1 ⫾ 1.6
3.6 ⫾ 2.2

2.5 ⫾ 1.0
2.5 ⫾ 0.8

NA
3.8 ⫾ 1.2

NA
2.5 ⫾ 0.8

Values are means ⫾ standard deviations. NA, not available.

tivity threshold. However, although the detection limit in our
competitive RT-PCR is 3.4 ⫻ 103 viral RNA copies/ml, we
could quantify HAstV in most sewage samples which were
positive by our standard RT-PCR and also in the two positive
water samples, which provides an indication that high numbers
of RNA copies were present in sewage and water in the Egyptian samples in comparison with the French sewage samples
analyzed for enteroviruses.
High numbers of RNA copies/liter were observed at the end
of autumn and during the winter months and tended to decrease as temperatures rose. The lowest numbers of RNA
copies/liter were observed in the summer months. These data
on HAstV occurrence in environmental samples are in concordance with reports on the seasonality observed for HAstV
infections among the population (7).
Interestingly, the numbers of both RNA copies/liter and
infectious particles of genogroup B, which includes serotypes 6
and 7, are higher than the numbers of RNA copies/liter and
infectious particles of genogroup A, which includes serotypes
1, 2, 3, 4, 5, and 8. In a previous study in Egypt using clinical
samples, HAstV-1 appeared to be the most common genotype,
followed by HAstV-5, HAstV-6, and HAstV-7 (14). The high
number of RNA copies and infectious units of genogroup B
detected in the present study may indicate the emergence of
new HAstV strains. HAstV genogroup B-positive samples
were further analyzed in the capsid region (15) and were revealed to contain serotype 6 strains (data not shown).
The 4-log reduction recommended by the USEPA (23) as a
result of water treatment could never be observed after primary sedimentation alone. When activated sludge treatment
was added, a 4-log reduction could be documented for genogroup A but not for genogroup B. This difference, however,
was evident only in the number of RNA copies and not for
infectivity. This finding could reflect that molecular quantification alone may fail to indicate the actual threat posed by the
detected virus, i.e., its infectivity. Additional evidence that mo-
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lecular quantification does not provide sufficient indication of
this threat is provided by the Nile water sample and the corresponding treated drinking water sample, which showed the
same number of genome copies (2.3 ⫻ 103 copies/liter), although infectious virus could be detected only in the untreated
sample. Thus, residual amplifiable RNA can be detected in
the absence of infectivity. Nevertheless, for viruses that
grow poorly or not at all in cell cultures, only molecular
assays can be applied. However, although HAstV may replicate in CaCo-2 cells, different RNA replication patterns
are observed between isolates, both in vivo (5) and in vitro
(6), leading to strain-specific sensitivities in an assay based
on an integrated cell culture-molecular analysis procedure.
Considering the evidence and the complex mixture of naturally occurring HAstV strains in sewage, we believe that
the best estimation of the efficiency of astrovirus removal is
provided by RNA copy decay.
Our approach to quantify HAstV through a competitive
RT-PCR with an RNA IC can be employed for the quantification of other health-significant enteric viruses that may not
be quantifiable by infectivity assays. Obviously, when quantification is pursued, the gold standard is real-time PCR. However, the equipment for this type of assay may not always be
available in some parts of the world; in such cases, the procedure described in this work may be useful to quantify viruses
and to evaluate virus removal through water treatments.
Although the Milwaukee cryptosporidiosis outbreak (10) reminded us that waterborne diseases may also occur in developed countries, the burden of waterborne illnesses is more
severe in developing societies. The procedures described in
this work will enable valuable determinations of the level of
environmental virus contamination in developing community
scenarios.
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