Available online at www.sciencedirect.com

science (@horneer

Journal of
Virological
Methods

www.elsevier.com/locate/jviromet

ELSEVIER Journal of Virological Methods 124 (2005) 117—122

An efficient virus concentration method and RT-nested PCR for
detection of rotaviruses in environmental water samples

Leera KittiguP*, Som Ekchaloemkiét Fuangfa Utrarachldj Kanokrat Siripanichgch
Dusit Sujirara®, Supornvit Pungchittch Augsana Boonthufn
a Department of Microbiology, Faculty of Public Health, Mahidol University, 420/1 Rajvithi Road, Bangkok 10400, Thailand

b Department of Epidemiology, Faculty of Public Health, Mahidol University, Thailand
¢ Rural Health Training and Research Center, Faculty of Public Health, Mahidol University, Thailand

Received 2 August 2004; accepted 15 November 2004
Available online 29 December 2004

Abstract

Water samples were concentrated by the modified adsorption—elution technique followed by speedVac reconcentration of the filter eluates.
Reverse transcriptase-nested polymerase chain reaction (RT-nested PCR) was used to detect rotavirus RNA in concentrates of the water. Thi
detection limit of the rotavirus determined by RT-nested PCR alone was about 1.67 plaque forming units (PFU) per RT-PCR assay and that by
RT-nested PCR combined with concentration from 11 seeded tap water sample was 1.46 plaque forming units per assay. Water samples were
collected from various sources, concentrated, and determined rotavirus RNA. Of 120 water samples, rotavirus RNA was detected in 20 samples
(16.7%); 2/10 (20%) of the river samples, 8/30 (26.7%) of the canal samples, and 10/40 (25%) of the sewage samples but was not found in any
tap water samples (0/40). Only three water samples were positive for rotavirus antigen determined using an enzyme-linked immunosorbent
assay (ELISA). Alignment analysis of the sequenced PCR product (346-bp fragment) was performed in eight rotavirus-positive samples
using the rotavirus sequence deposited in the GenBank. All samples gave the correct VP7 sequence. Results of analysis showed two sample
similar to human rotavirus (97-98%), five similar to rotavirus G9 sequence (94-99%), and one sample similar to animal rotavirus (97%).
PCR inhibitors were not observed in any concentrated water samples. In all 20 (of 120) samples where rotaviruses were found, fecal coliforms
including Escherichia coliwere also found, but of the samples testing negative for rotaviruses, 76 were fecal coliforms positive and 69 were
E. colipositive. The combination of the virus concentration method and RT-nested PCR described below made it possible to effectively detect
rotaviruses in environmental water samples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of gastroenteritis Hopkins et al., 1984 The viruses are
excreted in large number in the feces of infected individuals
Rotaviruses have been recognized as the major causeand may be dispersed in environmental wat8eantos et al.,
of acute gastroenteritis in young childreKapikian and 1994. Outbreaks of gastroenteritis caused by rotaviruses
Chanock, 1996 In Thailand, the prevalence of rotavirus waterborne have been reportetiopkins et al., 1984;
infection was found to be between 27 and 34%aheekarn Kukkula et al., 199Y. The presence of rotaviruses have been
and Ushijima, 200D Although the fecal-oral route is the found in various sources of water such as sew&ph(i
predominant mode of transmission for rotaviruses, fecally and Peduzzi, 2000; Dubois et al., 1997; Gajardo et al.,
polluted water has been implicated as a possible sourcel995; Kittigul et al., 200 river water Baggi and Peduzzi,
2000; Gilgen et al., 1997 ground water Abbaszadegan
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water and their resistance to water treatment may facilitate brane filtration and reconcentrated using a speedVac con-
transmission to humangéfsari et al., 1991; Raphael et al., centrator. The method was established in our laboratory and
1985; Sattar et al.,, 1984However, there is little data on  published previoushKittigul et al., 200). Briefly, tap water
the presence of rotaviruses in environmental water used forwas dechlorinated by sodium thiosulfate with a final concen-
domestic and recreational purposes in Thailand. tration of 50 mg/l. All water samples, including tap water,

Since only a few virus particles are present in water sam- domestic sewage, canal, and river water, were acidified to
ples, detection of viruses requires the concentration of a largepH 3.5 with 1N HCI and aluminum chloride was added to
volume of water. The adsorption—elution technique has suc- a final concentration of 0.0015N. The mixture was stirred at
cessfully been used to concentrate the viAlshiaszadeganet  room temperature for at least 30 min. Then, the water was
al., 1999: Gilgen et al., 199although in one study rotavirus  passed through a GN-6 Metri€efilter, 47 nm in diameter
double-stranded RNA was detected directly from water sam- and 0.45.m porosity (Gelman, Ann Arbor, MI). The mem-
ples Dubois et al., 199) In our laboratory, we have studied brane filter was washed with 0.14N NacCl (pH 3.5). The ad-
the factors affecting the concentration procedure and mod-sorbed virus was eluted by using 2.9% tryptose phosphate
ified the method of concentrating the rotavirus from water broth containing 6% glycine, pH 9.0. The eluate was neutral-
samplesKittigul et al., 200). A highly sensitive technique izedto pH 7.0-7.4 by the addition of 4N HCI. The volume of
for virus detection is prefered to ascertain the presence of thethe eluate was further reduced by using a SpeedVac concen-
virus in environmental samples. Although cell culture-based trator for 4-5 h. After reconcentration, the eluate was adjusted
methods are capable of isolating infectious viruses, they areagain to pH 7.0-7.4 with 4N HCI. The concentrated samples
laborious and time-consuming, and the sensitivity is lbhat( were stored at-80°C until use.
et al., 2003. Enzyme immunoassay has been used, but to a
lesser extent, to determine the presence of the rotavirus anti-2.3. Viruses
gen in water samples and sewage samdlegh(ing et al.,
1993; Kittigul et al., 200 During the past decade, reverse Bovine rotavirus or human rotavirus was used as posi-
transcriptase polymerase chain reaction (RT-PCR) emergedive control for the RT-nested PCR of rotavirus. The human
as a means to detect enteric viruses including rotavirusesrotavirus (Ito strain) serotype 3 was kindly provided by Dr.
in water samplesAbbaszadegan et al., 1999; Baggi and A. Bosch (University of Barcelona, Spain). Sequence data
Peduzzi, 2000; Dubois et al., 1997; Fout et al., 2003; Gajardo accessed from the National Center for Biotechnology Infor-
et al., 1995; Gilgen et al., 1997; Gratacap-Cavallier et al., mation/GenBank has the accession number K02033 (human
2000. WA rotavirus gene 9).

An improved concentration method and an RT-nested
PCR method were compared with the enzyme-linked im- 2.4. Extraction of RNA
munosorbent assay (ELISA) for determining the presence
of rotaviruses. The relation between presence of rotaviruses RNA was extracted from 140l of concentrated water
and the presence of fecal bacterial indicators in environmen-samples using the QlAarfpViral RNA kit (QIAGEN AG,
tal water samples collected from several sources in Bangkok,Basel, Switzerland) according to the manufacturer’s instruc-
Thailand were also examined. tions. The 60pl RNA eluates were stored at20°C until

further amplification of nucleic acids.
2. Materials and methods 25 Primers
2.1. Water samples
Primers RV1, RV2, RV3, and RV4 first published by

From August to December 2001, 11 water samples Were gjjgen et al. (1997vere used for the amplification of se-
collected from different sites of the Chaophraya River and guences from the VP7 gene of group A rotaviruses.

from the canal beside a congested community in Bangkok,

Thailand. Raw domestic sewage samples and samples from ¢ RT.nested PCR

a swamp containing sewages were also collected (11 each).

Five litres of tap water samples were collected from domes-  pNA used for reverse transcription was denatured for

tic use storage containers in this community. The total of 120 3 min at 94°C and chilled on ice for 10 min. Reverse tran-

water samples included 40 sa}mples from sewage sources, 3@cription was undertaken with a 20-mixture containing

from the canal, 10 from the river, and 40 from storage con- 5 | of nycleic acid extract and 18 of reaction mixture.

tainers. All samples were stored in a cooler and transportedyyjth some modifications, we followed the instructions of

to the lab for processing within 2 h. the RT-PCR manufacturer (Promega, Madison, MI) and the

method described bilgen et al. (1997)All the reagents

required were included in a RT-PCR kit. The samples were
Viruses were concentrated from water samples using anadded to a mixture consisting of 5mM of MgCllx RT

adsorption—elution technique with negatively charged mem- buffer (10 mM Tris—HCI (pH 9.0), 50 mM KCl, 0.1% Trit6h

2.2. Concentration of rotaviruses from water samples



L. Kittigul et al. / Journal of Virological Methods 124 (2005) 117-122 119

X-100), 1 mM of each dNTP, 1 W recombinant Rnasfh et al., 1998. Values for fecal coliform ané&scherichia coli
ribonuclease inhibitor, 15 Wy AMV reverse transcriptase, Were calculated from most probable number (MPN) tables.
1.25uM of primer RV1 (downstream) and pyrocarbonic The standard or acceptable levels of fecal coliforms in canal
acid diethyl ester (DEPC)-treated water to a final volume of Water for recreational use arex410°> MPN/100 ml Pairoj-
20ul. The RT mixture was incubated for 1 h at4t, heated ~ Boriboon, 1989.

to 99°C for 5 min, and then placed on ice. First-strand cDNA

diluted 1:5 (1Qul) was added to 4.l of PCR mixture. The

final concentrations were: 2QM of each dNTP, 2 mM of 3. Results

MgCl,, 1x PCR buffer (20 mM Tris—HCI (pH 8.0), 100 mM

KCI, 0.1mM EDTA, 1mM DTT, 50% glycerol, 0.5%  3.1. Sensitivity and specificity of RT-nested PCR

Nonidef P40 and 0.5% Tweé&h20), 0.25.M of primer

RV1, 0.25uM of primer RV2, 2.5 U ofTaqgDNA polymerase. The detection limit of rotavirus concentration was de-
All were mixed with DEPC-treated water. Amplifications termined by serial two-fold dilutions of bovine rotavirus
were performed with a GeneAmp PCR system 2400 (Perkin- in phosphate-buffered saline. The RT-nested PCR was ca-
Elmer, Norwalk, Conn.). The cycling conditions were as pable of detecting bovine rotavirus at the concentration of
follows: 60 s at 94C followed by 25 cycles of 30 s at 9€, 3.57x 10? plaque forming units (PFU)/ml or 1.67 PFU per
30s at 55C, and 60 s at 72C, and the final extension step RT-PCR reactionKig. 1). No cross-reactivity was found be-
at 72°C for 3min. Then, the temperature was decreased tween the primers of rotavirus and poliovirus at concentra-
to 4°C. For nested PCR, dl of the first amplification tion of 7.14x 10° 50% tissue culture infective doses/ml or
reaction was further amplified under the same conditions hepatitis A virus at concentration of 7.%110° radioim-

of amplification as for the first PCR except for changing munofocus assay units/ml when they were used as tar-
the primer pair to RV3 and RV4 and their concentrations get RNA. After the addition of known concentrations of
to 0.5uM and the concentration of Mg&lto 3.5 mM. We rotavirus in 11 tap water, the water samples were con-
expected to see a fragment of 346 bp. A positive control centrated, and the level of rotavirus was determined. No
(rotavirus RNA) and negative controls (extraction, RT-nested rotavirus DNA band was observed in any concentrations
PCR reagents, phosphate-buffered saline, rotavirus-negativeof rotavirus with RT-PCR products, whereas the nested
tap water concentrate) were included for each PCR PCR products of the seeded samples displayed the 346-

assay. bp fragment at the lowest concentration ot 30 PFU/1|
tap water. The detection limit of rotavirus determined
2.7. Gel electrophoresis and DNA sequencing by the RT-nested PCR in combination with concentration

from 11 of seeded tap water was 1.46 PFU per as-

PCR products were electrophoresed in 1.5% agarose gels$$ay-
in Tris-borate—EDTA buffer along with a 100-bp DNA ladder
(BioLabs, Beverly, MA) as a standard marker. The gels were
stained with ethidium bromide and illuminated by an UV
transilluminator.

Amplified products (346 bp) were purified and sequenced
at the Bioservice Unit of the National Science and Technol-
ogy Development Agency, Bangkok using the same forward
(RV3) primer. The sequences were aligned and searched for
nearly identical sequences using the Basic Local Alignment bp
Search Tool (BLAST) program available on the NCBI net-

M 12 3 465 6 7 8 9

1,000

work server.
500

2.8. ELISA 400 346 bp
300

The presence of rotavirus antigen in the concentrated wa-
ter samples was determined by a commercial rotavirus test
kit IDEIA™ Dako, Cambridshire, UK) following the pro-
cedure recommended by the manufacturer.

Fig. 1. The detection limit of rotavirus concentration in phosphate-buffered
saline, as analyzed by agarose gel electrophoresis of amplification products.
L Lanes: (1) 6.67; (2) 4.99; (3) 3.33; (4) 1.67; (5) 0.83 PFU/RT-PCR assay;
All water samples were tested for bacterial indicators of (g) phosphate-buffered saline; (7-9), RT, PCR, and nested PCR negative

faecal pollution according to a standard meth@legceri controls. M, 100-bp DNA ladder for molecular size standard.

2.9. Bacteriological analysis
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3.2. RT-nested PCR in environmental water samples M 1 2 3 4 56 7 8 9 10N

A total of 120 water samples collected from the river

(10 samples), a canal (30 samples), sewage sources (4(
samples), and tap water (40 samples) were concentrated in ¢ bp
range of 125-2500-fold and the presence of rotavirus RNA 1 ,9g0
was determined using RT-nested PCR. After secondary
amplification, 20 samples (16.7%) displayed the 346-bp 283
fragment. Rotaviruses were detected in 20% (2/10) of the 300
river samples, 26.7% (8/30) of the canal samples, and 25%
(10/40) of the sewage samples, but were not found in any tap
water samples, as shown fig. 2. Of 20 rotavirus-positive

samples, only three samples were also positive for rotavirus
antigen determined using ELISA. Fig. 2. The detection of rotaviruses in water samples. Five litres of water
samples were collected from the storage containers for domestic uses in a
. congested community, Bangkok. One litre of water samples were collected
3.3. Sequence analysis from the river, canal and sewage sources surrounding the community. The
water samples were concentrated and detected rotavirus RNA using the RT-
Among 20 rotavirus-positive concentrated samples, the nested PCR. Nested PCR products were visualized by agarose gel analysis
nested PCR pI’OdUCtS of eight samples were sequenced withnd ethidium bromide staining. Lanes: (1) rotavirus-positive control of RT-

. . . _ nested PCR (346-bp); (2 and 4) sewage; (3) river; (5 and 6) canal; (7 and 8)
RV3 primer. A_Ilgnment anaIySIS of the 346 bp fragment Wa.S tap water samples; (9-11) RT, PCR, and nested PCR negative controls. M,
.per.formed using the B!_AST program. Resglts of analysis 109.pp DNA ladder for molecular size standard.
indicated human rotavirus VP7 sequence in two samples

(97-98%), G9 sequence in five samples (94-99%), and ani-

346 bp

mal rotavirus in one sample (97%). amplified using RT-nested PCR. After amplification, posi-
tive results were obtained when the rotavirus was present
3.4. PCR inhibitors in environmental water samples in the water samples of 6.67, 3.33, and 1.67 PFU per

RT-PCR assay. The detection limit was still the same as
To eight concentrated sewage samples that did not showfor the concentration of rotavirus in phosphate-buffered
amplification, rotavirus was added and then the samples weresaline.

Table 1
Characteristics and bacteriological results of 20 water samples which rotaviruses were detected
No. Sample code Sample date pH Temperature Fecal colifqiivti3N/100 ml) E. coli (MPN/100 ml)
Sewage
1 SWo® 22 August 7.1 28 4.9 10° 3.3x 10
2 SW19 17 September 8.3 31 K70° 1.1x10°
3 Sw23 19 September 8.7 29 x3A0° 3.3x 10°
4 sSw24 19 September 8.3 30 408 1.4x10°
5 SW30 26 September 7.4 28 KA 1.7x 1P
6 SW35 1 October 6.9 30 4:310* 3.5x 10
7 SW36 10 October 7.9 28 4910° 1.3x10°
8 Sw37 10 October 7.8 .l 3.5x 10° 1.1x 10P
9 Sw38 10 October 7.7 28 1:310° 45x 10*
10 SW39 10 October 7.7 28 22100 2.3x 10°
Canal
11 CWO06 15 October 7.3 30 2:210° 1.7x 1P
12 Cwi13 22 October 7.7 29 7:910° 1.7x 10°
13 Cw1? 22 October 7.3 30 3810° 3.3x10°
14 cwig 22 October 7.3 30 2.8 10° 3.4x10°
15 Cw25 31 October 7.4 29 2:310° 1.3x10°
16 CW26 31 October 7.4 29 1:310° 2.7x 10°
17 cw27 31 October 7.4 29 2:210° 1.1x 10°
18 CW30 31 October 7.7 29 4,910° 3.3x 10°
River
19 RWO08 5 September 7.5 31 49103 49%10°
20 RW10 5 September 7.5 33 3104 3.4x 10°

a Value of acceptable level for fecal coliformss410° MPN/100 ml for canal samples.
b The water samples positive for rotavirus by both RT-nested PCR and ELISA.
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3.5. Characteristics of rotavirus-positive samples percentage of the canal samples contained rotaviruses than
did the sewage samples. This might be due to sewage drain-
Twenty water samples that gave positive results for ing into the canal from which the samples were taken. No ro-
rotavirus RNA had been concentrated approximately 150- taviruses were detectable in any of the tap water samples from
1000-fold. A number of samples were collected from differ- the storage containers used for domestic purposes. Although
ent sites on the same day. Most rotavirus-positive samplesa serological test kit was applied for detection of rotavirus
were collected in October 2001. The pH and temperature of in environmental sample®ghling et al., 1998 we found
sewage samples varied when compared with canal and riverthat the RT-nested PCR giving 20 rotavirus-positive samples
water samples. Bacteriological data shows that all water sam-had approximately seven times higher sensitivity than ELISA
ples had fecal coliforms and the canal samples contained such{three rotavirus-positive samples). Computer aided DNA se-
bacteria above the acceptable levek(20° MPN/100 ml).E. guence analysis comparison of rotavirus-positive water sam-
coli was present in all sample$gble J). ples with data banks enabled us to classify eight rotavirus
The results of all 120 samples were examined for pres- samples: human rotavirus (two samples), rotavirus G9 (five
ence of rotaviruses and/or bacterial indicators. In all the 20 samples), and animal rotavirus (one sample). The DNA se-
samples, where rotaviruses were detected fecal coliforms (in-quence of rotavirus G9 from all five samples was found to be
cludingE. coli) were also detected. However, of the samples 90% identical to the human rotavirus sequence. So, it seems
testing positive for fecal coliforms there were 76 samples in that those samples were of human origin. The emergence of
which rotaviruses could not be detected, and of the samplesserotype G9 human rotavirus strains has been reported world-
testing positive foiE. coli there were 69 samples in which wide and it has been suggested that they originated through
rotaviruses were not detected. genetic reassortmenR@émachandran et al., 2000possibly
involving a genetic recombination between human and ani-
mal rotavirusesGratacap-Cavallier et al., 20P0
4. Discussion Inhibitors of PCR reaction might be already present in
highly polluted water or might be introduced during the con-
In this study, the virus concentration method using the centration procedureApbaszadegan et al., 1993; Kopecka
adsorption—elution technique along with speedVac recon- et al., 1993; Shieh et al., 1993n the present study, the de-
centration was evaluated in its application together with tection limit of RT-nested PCR for detection of rotaviruses
RT-nested PCR for the detection of rotavirus RNA in water added to rotaviruses negative sewage samples was the same as
samples collected from several sources in Bangkok, Thai- detection of rotaviruses added to phosphate-buffered saline.
land. In the test of the concentration method by the seedingSo, no PCR inhibitors were present. Previously, the method
experiment, rotavirus was detectable at the concentration ofof concentrating virus by the adsorption—elution technique
5x 10 PFU/11 tap water or 1.46 PFU per assay, whereas through an electropositive membrane filter has been found to
the experimentally determined RT-nested PCR detection eliminate PCR-interfering substanc&ugiroz et al., 2001
limit was 3.57x 107 PFU/ml of phosphate-buffered saline or  Inthe present study, using a different concentration procedure
1.67 PFU per assay. It seems that no rotavirus lost during theinvolving a negatively charged membrane filter, no inhibitors
concentration process as measured by the RT-nested PCRor PCR were detected in concentrated sewage samples.
The concentration method is more efficient than previously  Although PCR has a limitation in its inability to discrim-
reported Kittigul et al., 200} due to the difference in  inate between viable and noninfectious viruses, the process
the volume of water and the method used for detecting described here (virus concentration, RNA purification, and
rotaviruses. Previously, we studied the virus concentration RT-nested PCR) can be applied successfully for the detec-
method in 100 ml of tap water and the detection by the less tion of rotaviruses in environmental samples and considered
sensitive ELISA. as a method for revealing the enteric virus contamination
The RT-nested PCR system was carried out specifically to in water samples. The detection of rotaviruses in the envi-
detect group A rotaviruses. The primers used in this study ronment or in drinking water is needed to help in the risk
were synthesized following the oligonucleotide sequence assessment for viral gastroenteritis. This powerful tool could
published byGilgenetal. (1997)They selected those primers  prove to be valuable in the testing of water quality and in the
because they can hybridize to highly conserved regions of theepidemiological investigation of the source of fecal waste
viral genome. In the present study, the specificity of the RT- contamination.
nested PCR for rotavirus was carried out by use of different  Although standard bacterial indicators are used currently
enteric viruses (hepatitis A virus and poliovirus) and proved as safety criteria for water and the presence of coliphages is
to be highly specific. used as a parameter for the virological quality of water, no
The sensitivity of RT-nested PCR makes it suitable for ap- association between the presence of certain viruses and bac-
plication to environmental water samples. After testing 120 terial indicators had been previously four@rébow et al.,
water samples for the presence of rotaviruses, we were able t??001; Hot et al., 2003 Nevertheless, in the present study,
detectthemin 20 samples: 20% of the river samples, 26.7% ofin every case where rotaviruses were found, fecal coliforms
the canal samples, and 25% of the sewage samples. A greatancluding E. coli were also found (although in the majority
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of fecal coliform positive samples rotaviruses were not de- A virus, and small round structured viruses in water samples. Int. J.
tected). The high degree of bacterial contamination-possibly  Food Microbiol. 37, 189-199.
due to the low standard of hygiene among people in the com- Grabow, W.O., Taylor, M.B., de Villiers, J.C., 2001. New methods for

it h th | tak t for th the detection of viruses: call for review of drinking water quality
munity wnere the samples were taken-may account tor the guidelines. Water Sci. Technol. 43, 1-8.

absence of rotavirus-positive samples without fecal bacteria gratacap-Cavallier, B., Genoulaz, O., Brengel-Pesce, K., Soule, H.,
present. Innocenti-Francillard, P., Bost, M., Gofti, L., Zmirou, D., Seigneurin,

In conclusion, the present study demonstrates the effec- J.M., 2000. Detection of human and animal rotavirus sequences in
tiveness of the described method for concentrating rotavirus _ 91inking water. Appl. Environ. Microbiol. 66, 2690-2692.

o . Hopkins, R.S., Gaspard Jr., G.B., Wiliams, F.P., Karlin, R.J., Cukor,
and the sensitivity of RT-nested PCR for detecting the VP7 G., Blacklow, N.R., 1984. A community waterborne gastroenteritis

gene of rotaviruses in environmental water samples. The pres-  quthreak: evidence for rotavirus as the agent. Am. J. Public Health.

ence of rotaviruses in the river and canal could constitute a 74, 263-265.

potential health risk for people. Hot, D., Legeay, O., Jacques, J., Gantzer, C., Caudrelier, Y., Guyard, K.,
Lange, M., Andreoletti, L., 2003. Detection of somatic phages, infec-
tious enteroviruses and enterovirus genomes as indicators of human
enteric viral pollution in surface water. Water Res. 37, 4703-4710.
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