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Rotaviruses exist widely in water environments and are the major cause to the gastroenteritis in children.
To overcome the limitations associated with the current methods for detecting rotaviruses in environmental
samples, such as long duration with the traditional cell culture-based plaque assay, inability to detect
infectivity with RT-PCR-based molecular methods and lower sensitivity with ELISA tests, we developed an
integrated cell culture and reverse transcription quantitative PCR (ICC-RT-qPCR) assay to detect infectious
rotaviruses based on detection of viral RNA during replication in cells. The cell culturing step before qPCR
allows the infectious rotaviruses to replicate and be detected because they are the only ones that can infect cells
and produce RNA. The results showed that as low as 0.2 PFU/ml rotaviruses were detected by ICC-RT-qPCR
after 2 days of incubation. With samples, the copy numbers of VP7 gene of rotaviruses linearly correlated
(with a coefficient (R2) of 0.9575) with initial virus concentrations ranging from 0.2 to 200 PFU/ml. In parallel
comparing tests, the ICC-RT-qPCR exhibited higher sensitivity than both the plaque assay and the RT-qPCR
when applied to field samples. ICC-RT-qPCR detected infectious rotavirus in 42% (10/24) of secondary
effluents,while only 21% (5/24) and 12% (3/24) of sampleswere positivewith either the plaque counting or the
RT-qPCR method, respectively. Concentrations of rotaviruses in secondary effluent samples were determined
to be 1–30 PFU/l. The results demonstrated that the developed ICC-RT-qPCRmethod reduced test duration and
improved sensitivity towards infectious rotavirus and therefore can be an effective and quantitative tool for
detecting infectious rotaviruses in water environments.
: +86 10 6277 1472.
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1. Introduction

Human group A rotaviruses can cause acute gastroenteritis in
infants andyoung children (Gerba et al., 1996), and are associatedwith
approximately 111 million episodes of gastroenteritis and 352,000–
592,000 deaths in children below five years worldwide each year
(Parashar et al., 2006). China is estimated to suffer the second highest
rotavirus mortality with about 35,000 deaths annually (Orenstein
et al., 2007). Although the fecal–oral route is the primary mode of
transmission for rotaviruses, treated and/or raw wastewater into
which rotaviruses are excreted in large numbers from infected in-
dividuals have been implicated as possible sources of rotaviral gas-
troenteritis (Gerba et al., 1996; Meleg et al., 2008). Additionally, the
persistence of rotaviruses in aquatic environments and their resis-
tance to water treatment and disinfection processes may facilitate
their transmission to humans (Rzezutka and Cook, 2004; Hijnen et al.,
2006). Outbreaks of viral gastroenteritis associated with the contam-
ination of water supplies have been reported (Meleg et al., 2008). And
the occurrences of rotaviruses in water environments pose an urgent
need for rapid and sensitive detection method to monitor rotaviruses
in water environments, which is essential for the prevention of pos-
sible infection sources (Meleg et al., 2008).

There are currently two widely used methods for detecting and
screening rotaviruses in environmental samples, including the tra-
ditional cell culture-based plaque assay and PCR-based molecular
methods. The plaque assay for detecting infectious rotavirus in envi-
ronmental samples involves the ability of a virus to produce observ-
able cytopathogenic effects (CPE) inmammalian cell culture (Agbalika
et al., 1984). The detection of rotaviruses in environmental samples
has been challenging because rotaviruses are fastidious and needs
more than 1 week to produce obvious CPE. Moreover, inoculated cell
cultures often deteriorate before the presence of distinctive CPE,
making the obtainment of reliable and reproducible results difficult
(Ko et al., 2003; Lee et al., 2005).

PCR-based molecular methods have been applied successfully for
rapid detection and quantification of pathogenic microorganisms in
environmental samples (Min et al., 2006; Schwarz et al., 2002). How-
ever, there are still limitations of PCR-based methods for detecting
viruses in the environment (Meleg et al., 2008). The low level of
viruses in environmental waters requires concentration of water
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samples, leading to condensed inhibitory factors from the environ-
mental sample simultaneously, which can interfere with the RT-PCR
assay. More importantly, results of PCR indicate only the presence or
absence of specific RNA/DNA sequences, and do not provide any
information on infectivity, which is directly related to the human
health risk (Ko et al., 2003; Li et al., 2009).

To overcome the disadvantages of these twowidely usedmethods,
an integrated cell culture and reverse transcription quantitative PCR
(ICC-RT-qPCR) assay was developed to rapidly and sensitively detect
enteric virus in environmental waters. This method provides a higher
sensitivity because the cell culturing prior to the nucleic acid am-
plification increases the amount of infectious viruses and therefore
allows for detection of viruses before they produce observable CPE
(Ko et al., 2003; Li et al., 2009). In addition, the assay can decrease the
impact of inhibitory compounds present in environmental samples to
PCR assay because the nucleic acid is extracted from infected host cells
rather than from water samples directly. However, the ICC-RT-qPCR
method for detection and quantification of rotavirus has not been
well established. In this study, an ICC-RT-qPCR assay was established
using human rotavirus Wa and simian rotavirus SA11 strains. Vali-
dation of this ICC-RT-qPCR assay for detection and quantification
infectious rotavirus in environmental samples was demonstrated by
comparing the results with those detected by plaque assay and RT-
qPCR assay alone. This study demonstrated the feasibility and sensi-
tivity of this assay to detect infectious rotavirus in environmental
samples.

2. Materials and methods

2.1. Cell lines and rotaviruses

The mammalian MA-104 cells, human rotavirus strain (Wa) and
simian rotavirus strains (SA11)were generously provided by Professor
Hong Meng of the Medicine Academe in Shandong Province. MA-104
cells were grown in Dulbecco's Modified Eagle's Medium (DMEM)-
high glucose, supplemented with 10% heat-inactivated fetal bovine
serum (FBS), 1.7 g/l sodium bicarbonate. The Wa and SA11 viruses
were propagated in MA-104 cells for 7–8 days, with the maintenance
medium supplemented with 2% FBS (Li et al., 2009). Then viruses
were collected from infected cell culture suspensions, which were
frozen and thawed three times and then clarified using low-speed
centrifugation (900×g) to remove residual cell debris. The suspen-
sions were divided into aliquots and were stored at −80 °C.

2.2. Plaque assay

Rotaviruses Wa and SA11 were enumerated using a modified
plaque-forming unit (PFU) method based on the CPE of MA-104 cells
(Hansen et al., 2007; Li et al., 2009). Briefly, serially diluted rotaviruses
were treated with 1 μg/ml trypsin for 60 min at 37 °C, and then
inoculated onto confluent cells in 6-well plates and incubated for 2 h,
with gentle rocking every 30 min for viral adsorption. Following ad-
sorption, 2 ml of DMEM with 2% FBS was added to each well and
incubated for 2 days, then overlaid with a 2% agar overlay consisting
of 2× DMEM with 1 μg/ml trypsin. After 5 days of incubation, 2 ml of
10% formaldehydewas added to eachwell. Then after 12 h incubation,
solid overlay was removed from wells by rinsing under warm tap
water and 2 ml of a 0.1% crystal violet solution was added to each well
to permit visualization of plaques. Plaques were quantified and results
from duplicate plates averaged to calculate a titer.

2.3. Detection and quantification of rotavirus gene by RT-qPCR

Primers used for specific amplification of rotaviruses target the
VP7 gene of rotaviruses (Wen et al., 1997; Kittigul et al., 2005). The
primers (5-CTGACGAAGCGAATAAATGG-3 and 5-GGTCACATCATA-
CAATTCT-3) were designed on the VP7 gene of rotavirus using Primer
Premier 5.0, and blast on NCBI confirmed that they target VP7 genes of
human, simian, bovine, porcine, and equine rotavirus A strains.

In order to quantify the gene of rotavirus, a plasmid containing
the target gene was constructed and used as an external calibration
standard (Hu et al., 2008; Li et al., 2009). Briefly, the RNAwas extracted
fromSA11, and then subjected to RT andPCR reaction. The PCRproduct
was separated on a 2% agarose gel, purified using the Gel Extraction
Kit (TaKaRa, Dalian) and cloned into the pMD™ 18-T Vector (TaKaRa,
Dalian, China). The plasmid was extracted and purified, and then
analyzed by DNA sequencing. Quantification of the plasmid cDNA
was carried out by UV spectrophotometry at 260 nm (Hu et al., 2008).

For detection and quantification of rotavirus gene, the total
genome was extracted from samples using the QIAamp® UltraSens™
Virus Kit (QIAGEN, Germany). RT-qPCR protocols were developed in
our lab and similar to the previous reports of Hu et al. (2008) and Li
et al. (2009). Briefly, RT reaction was performed in 10 μl reaction
mixtures consisting 4 μl RNA, using the ExScript™ RT reagent Kit
(TaKaRa, Dalian, China). The qPCR was carried out in 25 μl reaction
mixtures consisting of 12.5 μl of 2× SYBR Premix Ex Taq™ (TaKaRa,
Dalian, China), 0.25 μl of each primer (20 μM final concentrations),
4 μl of RV cDNA template, and 8 μl of dH2O. The thermocycling profile
for rotavirus includes 95 °C for 10 s, then followed by 40 cycles of
95 °C for 5 s, 58 °C for 20 s, and 72 °C for 30 s, and at last, the melting
curve analysis at 95 °C for 15 s, annealing at 60 °C for 1 min. The
serially diluted plasmid DNA that contains the target gene was used
to establish the standard curve, and double distilled water (ddH2O)
was used as a negative control.

2.4. Detection of infectious rotavirus by ICC-RT-qPCR assay

Approximate 1×106 MA-104 cells in cell culture plates (10 cm2)
were inoculated with trypsin treated Wa and SA11 (from 0.2 to
200,000 PFU/ml), and then incubated for 2 h at 37 °C, rocking per
30 min (Li et al., 2009). Then with the inoculums removed, 4 ml of
DMEM containing 2% FBS was added to the inoculated cells. After
a period of incubation (from 1 to 5 days) for virus replication, the
supernatant was discarded and the viral RNA was extracted from the
cell monolayer with Trizol (Invitrogen, Carlsbad, CA, USA). The nucleic
acid was suspended in 20 μl of RNase-free ddH2O and subjected to
RT immediately or stored at −80 °C. The RT-qPCR protocol was the
same as described above. MA-104 cells without rotavirus inoculation
were used as a negative control.

2.5. Thermal inactivation of rotavirus

SA11 virus was seeded in PBS for a concentration of 2000 PFU/ml.
One ml of samples was put in sterile micro-centrifuge tubes and
heated at 95 °C in water bath for 1, 5, or 10 min, respectively. Then the
tubes were chilled on ice immediately and tested by ICC-RT-qPCR and
RT-qPCR in parallel. The inactivation of rotavirus after the thermal
treatment was calculated by log10 (Nt/N0), where Nt is the amount
of rotavirus detected after the thermal treatment; N0 is the initial
amount of rotavirus, i.e., 2000 PFU/ml.

2.6. Environmental water samples

Tap water samples were collected from January to April, 2008,
in Tsinghua University. Fifteen-liter tap water after disinfection was
concentrated into a final volume of about 3 ml, using the HAWP filter
according to previous study (Haramoto et al., 2007). Briefly, three
hundred milliliters of 250 mM AlCl3 was added to 15 L of tap water
sample, and adjusted pH to 3.5 using 1 M HCl, then followed by
filtration through an HAWP filter (0.45 μm pore size and 47 mm
diameter; Millipore) attached to filter holder. Then the filter was
eluted by 10 ml of 3% beef extract (BE, pH9.5), and 50 μl of 100 mM



Table 1
Summary of sensitivity and detection time of rotavirus detected by different methods.

Detection time Detection limits (PFU/ml)

Plaque assay ICC-RT-qPCR RT-qPCR

2–3 h 2
1 day 2
2 days 0.2
3 days 0.2
5 days 0.02
7 days 1 0.02
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H2SO4 (pH 1.0) and 100 μl of 100× TE buffer (pH 8.0) were added to
the elution to neutralize pH. Then the elution was re-concentrated
into 3 ml with Millipore's Amicon Ultra-4 centrifugal filter devices
(100,000 NMWL; Millipore). The concentrated samples were stored
at −80 °C until use.

Fifteen liters of non-disinfected secondary effluents were collected
from threemunicipal wastewater treatment plants (WWTPs) in Beijing
from January to April, 2008. The water samples were concentrated
according to methods reported previously (Gantzer et al., 1997;
Haramoto et al., 2007) with some modifications. Briefly, 300ml of
250 mMAlCl3was added to 15 L of secondary effluents, and adjustedpH
to 3.5 using 1 M HCl. Then 6 g SiO2 was added to water samples, stirred
for 30 min to allow complete adsorption of viral particles to the SiO2

particles, and filtered through a membrane to collect the virus–SiO2

complex. Thirty ml of H2SO4 (pH 3.0) was added and passed through
to rinse out the cation, and the virus–SiO2 complex was collected into
a 50 ml tube with 18 ml NaOH (pH 10.5), and vortexed for 5 min to
release the virus particles to the eluant. The SiO2 particles, as well as
the bigger particles, were removed by centrifugation at 4000×g, 4 °C
for 10 min,whilemost colloidal and fine particles were left in the eluate
to reduce loss of viral particles adhering to them. Two ml of 10× TE
buffer (100 mM Tris HCl, 10 mM EDTA, pH 8.0) was added into the
eluate that contained virus for neutralization. The virus concentrate
(with a total volume of ca. 20 ml) was re-concentrated into 3 ml with
Millipore's Amicon Ultra-4 centrifugal filter devices (100,000 NMWL;
Millipore) and stored at−80 °C until use.

Rotaviral RNA was extracted from 1 ml of concentrated water
samples using the QIAamp UltraSens Virus Kit (QIAGEN, Germany),
and then subjected to RT-qPCR. Another 2 ml of the concentrated tap
water and secondary effluents were further clarified by filtering
through 0.2-μm-pore size filters (Whatman, NJ) before inoculated
onto confluent MA-104 cells, and then detected by the plaque assay
and ICC-RT-qPCR as described earlier, respectively.

3. Results and discussions

3.1. Development of RT-qPCR for detection and quantification of rotavirus
gene

As shown in Fig. 1, the standard curve using plasmid DNA showed
that the reliable detection ranged from 1.2×102 to 1.2×108 copies per
qPCR reaction, which was comparable to previous results by Min et al
(2006). The melting curve analysis showedmelting peak temperature
at 83±1.5 °C, indicating that the PCR product is rotavirus-specific. Gel
electrophoresis also confirmed that DNA of the expected size was
amplified using the plasmid DNA standard. To assess the specificity of
the primers, the primers were used to amplify 4 species that are
Fig. 1. The standard curve for qPCR assay. A linear relationship was consistently observed
with plasmid DNA ranging from1.2×102 and 1.2×108 copies. The amplification efficiency
was 95.4%. The result shown here is representative of three independent runs.
commonly present in waste water, including poliovirus vaccine strain,
adenovirus serotype 2, E. coli, Salmonella, and Aeromonas, and no
amplification occurred in these reactions (data not shown). One ml of
serially diluted rotavirus Wa and SA11 was subjected to RNA extrac-
tion and then RT-qPCR; results showed that the detection limit of RT-
qPCR assay was about 2 PFU/ml for both Wa and SA11 (as shown in
Table 1).

3.2. Detection time of rotaviruses at low concentration by ICC-RT-qPCR

In order to investigate the minimum incubation time required to
detect low level infectious rotavirus, low concentrations (0.002, 0.02,
0.2 and 2 PFU/ml) of rotavirusesWa and SA11were inoculated toMA-
104 cells, respectively, and then the infected cells were analyzed by
RT-qPCR after incubation times ranging from 1 to 5 days. As shown
in Fig. 2, ICC-RT-qPCR assay was more sensitive with increasing
incubation time. The specific rotaviruses gene can be detected after
incubated for 1, 2 and 5 days infected with relatively low level of 2, 0.2
and 0.02 PFU/ml rotaviruses, respectively.

Not only the sensitivity of RT-qPCR and the incubation time, but
also the viral expression rates and levels in infected cells, can impact
the speed and sensitivity of ICC-RT-qPCR assay. Rotavirus replication
starts as soon as the RNA enters the nucleus, and the transcription
of the VP7 gene is known to persist throughout the entire infection
(Jayaram et al., 2004). The specific primers in our studywere designed
in the conservative sequence of the VP7 gene, and target for several
strains of rotaviruses. Therefore, the primers can detect various sero-
types of rotaviruses in environments.

As shown in Fig. 2, the copy numbers of rotavirus in cells increased
with increasing incubation time from 1 to 5 days, and became stable
from 5 to 7 days, suggesting that a complete lytic cycle may take more
than 5 days with low level of infection (Chang et al., 1985; Hansen
et al., 2007). Unlike the long lytic cycle during plaque assay, an incu-
bation of only 2 days was required to detect the synthesis of rotaviral
RNAwith an initial inoculation of only 0.2 PFU/ml for both rotaviruses
Fig. 2. Detection of low concentrations of rotaviruses by ICC RT-qPCR with increasing
incubation time. Each data point represents replication of three or more tests.



Fig. 3. Correlation of ICC-RT-qPCR assay and plaque assay detection of rotavirus Wa and
SA11onMA-104 cells. InitialWaand SA11concentration ranging from0.2 to 200,000 PFU/
ml was inoculated to MA-104 cells and the copy numbers were detected by ICC-RT-qPCR
assay after 2 days of incubation. Each data point represents replication of three or more.

Fig. 4. Comparison of ICC-RT-qPCR and RT-qPCR assay for detection of rotaviruses after
thermal inactivation. The rotaviruses before and after thermal inactivation were
detected by ICC-RT-qPCR assay after 2 days of incubation and RT-qPCR.
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Wa and SA11, demonstrating that ICC-RT-qPCR assay can shorten the
viral detection time from one week by the traditional plaque assay
to 2 days and obtain a better sensitivity (Table 1). Thus, in order to
balance the sensitivity and detection time, the results suggest 2 days
of incubation may be the optimal time for assay of environmental
samples when viral density is generally in the low range.

3.3. Correlations of ICC-RT-qPCR and the plaque assay

As shown in Fig. 3, diverse correlations were obtained by plotting the
logarithm of copy numbers detected by ICC-RT-qPCR versus the
corresponding amount of Wa and SA11 virus inoculated. For both Wa
and SA11, the replication of rotaviral genome was very slow with
infection of low level rotavirus (0.2 to 20 PFU/ml), and became fastwhen
the amount of rotavirus increased from 20 to 2000 PFU/ml; then the
Table 2
Detection of rotavirus in wastewater effluents.

Water type Site Plaque assay ICC RT-qPCR

Positive of
total samples

Concentration
(PFU/l)

Positive of
total sample

Tap water Tsinghua University 0 0 0 of 8
Q WWTP 1 of 8 2 2 of 8

Secondary effluents G WWTP 3 of 8 6–8 5 of 8
X WWTP 1 of 8 4 3 of 8
Total 5 of 24 2–8 10 of 24
replication was inhibited when the amount of rotavirus inoculated was
more than 2000 PFU/ml. This phenomenon was in agreement with
previous reports (Xu et al., 1996; Schalk et al., 2007; Li et al., 2009). The
replication rates ofWa and SA11were similarwith low levels of infection
(0.2 to 20 PFU/ml). However, SA11 replicated faster thanWawhen initial
concentrationsweremore than 20 PFU/ml. Previous studies also showed
that various viral serotypes have different replication rates (Ko et al.,
2003; Jiang et al., 2009). This issue is not limited to ICC-RT-qPCR assay for
detection of rotavirus in low concentrations (0.2 to 20 PFU/ml).

3.4. Comparison of ICC-RT-qPCR and qPCR assay for detecting rotaviruses
after thermal inactivation

As shown in Table 1, ICC-RT-qPCR assay is more sensitive than RT-
qPCR alone, as the replication of viruses in cells can increase the amount
of viral RNA. Another important advantage of ICC-RT-qPCR is the ability
to distinguish the infectious viruses from inactivated ones (Ko et al.,
2003; Li et al., 2009).We tested the ability of ICC-RT-qPCR and RT-qPCR
to distinguish between infectious inactivated viruses, by applying the
two methods against thermal-inactivated rotavirus samples. As shown
in Fig. 4, the amount of rotavirus detected by ICC-RT-qPCR declined
rapidly after heated for 1 min, and no rotavirus was detected after
heated for 5 min. In contrast, no obvious reductions of rotavirus gene
were evaluated by direct RT-qPCR assay even after 10 min of heating.
The RT-qPCR is especially insensitive to viral genome damage during
thermal treatment, because RT-qPCR assay requires short nucleic acid
sequence as a target to achieve high efficiency (Ko et al., 2003; Li et al.,
2009). Thermal inactivation breaks down viral protein and genome in
multiple locations but do not necessarily completely degrade short RNA
fragments. These results showed that RT-qPCR assay led to overestima-
tion of rotavirus after the thermal treatment. Similarly, RT-qPCR might
detectnakedviral genomes in environmental samples and consequently
yield false positive results. ICC-RT-qPCR, on the other hand, detects
infectious viruses alone because only those infected and replicated in
host cells can be detected by the RT-qPCR following the cell culture step.

3.5. Detection and qualification of infectious rotavirus in environmental
water sample

The ICC-RT-qPCR assaywas applied to detect infectious rotaviruses in
environmental water samples, and compared with the results detected
by RT-qPCR and plaque assay. As shown in Table 2, 42% (10/24) of
secondary effluents were positive by ICC-RT-qPCR, none of the tapwater
samples was positively detected by those three assays. However, the
infectious rotaviruses in environmental samples detected by the plaque
assay were less than those detected by ICC-RT-qPCR. One of the
important problemswith plaque assays is cellular damage due to toxicity
of environmental samples (Gerba et al., 1996). Moreover, the plaque
assay indicates viral presence merely by observation of cell lysis rather
than detect any part of the virus directly, which makes interpretation of
the plaque assay more questionable than the ICC-RT-qPCR method.

The RT-qPCR detected rotaviral gene in 12.5% (3 of 24) second-
ary effluents, ranging from 4×102–2.5×104 copies/L (Table 2). Even
RT-qPCR

s
Copy numbers detected
by ICC RT-qPCR

Estimated concentration
(PFU/1 l)

Positive
of total

Concentration
(copy numbers/l)

– 0 0 of 8 –

1.9×103–6.7×103 1–2 0 of 8 –

3.2×103–6.6×104 1–30 2 of 8 4×102–5×104

5.1×103–1.9×104 2–8 1 of 8 2×103

1.9×103–6.6×104 1–30 3 of 24 4×102–2.5×104



Fig. 5. The standard curves for quantification of infectious rotaviruses by ICC RT-qPCR
assay after 2 days of incubation on MA-104 cells. Each data point represents replication
of two or more tests.
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though RT-qPCR has proven to be sensitive and rapid for viral detection
(Reynolds et al., 1997; Malik et al., 2008), it may detect less positive
environmental samples than those by ICC-RT-qPCR assay (Ijzerman
et al., 1997), possibly due to inhibitors in environmental samples. ICC-
RT-qPCR directly detects the viral nucleic acid from cells which can
cushion the impact of inhibitors fromenvironmental samples onRTand/
or qPCR. The inhibiting effectsmay be eliminated/minimized during the
cell culture step, in which the excessive amount of cells ensured that
there were enough cells in good condition left for viral infection despite
partial deterioration; after propagation in the cells, the environmental
inhibitors can be washed out with PBS before viral genome extraction
from cells (Ko et al., 2003; Gallagher and Margolin, 2007).

There were several studies that used ICC-RT-PCR to detect other
viruses in environmental samples, which also proved that ICC-RT-PCR
assay was more rapid and sensitive than convectional cell culture assay
based onCPE, and those studies only identified thepresence of infectious
viruses in seeded or real environmental samples, rather than quantified
the concentration of infectious viruses (Greening et al., 2002; Ko et al.,
2003). Then, a semi-quantitative ICC-PCR method was used to detect
astrovirus and reovirus byusing a dilution technique andPCR (Grimmet
al., 2004; Gallagher andMargolin, 2007). As shown in Fig. 5, there was a
linear relationship between the logarithm of copy numbers detected by
ICC-RT-qPCR and PFU concentration (from 0.2 to 200 PFU/ml) of
inoculated rotaviruses, with R2 of 0.9575. Computation of rotavirus in
water samples using standard curves estimated 1–30 PFU/l in secondary
effluents. Different viral serotypes have different replication in cells
(Jiang et al., 2009); however, this issue is not limited to ICC-RT-qPCR
assay for quantification of low level of rotavirus in the present assay. As
the replication of different serotypes of rotavirus Wa and SA11 at low
inoculation levelwas similar and the levels of rotavirus in environmental
samples were also very low (Table 2).

4. Conclusions

The results of the present study demonstrated that ICC-RT-qPCR
is a rapid and quantitative method for detecting infectious rotaviruses
in environmental waters and clearly distinguish them from the in-
activated ones. Prior studies employing the plaque assay or RT-PCR
may have underestimated the presence of rotavirus in environments.
With this fast and sensitive method for detection and quantification
of infectious rotavirus, further work needs to be done to detect and
estimate the risk of rotavirus in environmental samples.
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