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An Improved Method for Concentrating Rotavirus from
Water Samples
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A modified adsorption-elution method for the concentration of seeded rotavirus from water samples
was used to determine various factors which affected the virus recovery. An enzyme-linked immunosorben
assay was used to detect the rotavirus antigen after concentration. Of the various eluents compared,
0.05M glycine, pH 11.5 gave the highest rotavirus antigen recovery using negatively charged mem-
brane filtration whereas 2.9% tryptose phosphate broth containing 6% glycine; pH 9.0 was found to
give the greatest elution efficiency when a positively charged membrane was used. Reconcentration o
water samples by a speedVac concentrator showed significantly higher rotavirus recovery than polyeth-
ylene glycol precipitation through both negatively and positively charged filters (p-value <0.001). In
addition, speedVac concentration using negatively charged filtration resulted in greater rotavirus re-
covery than that using positively charged filtration (p-value = 0.004). Thirty eight environmental water
samples were collected from river, domestic sewage, canals receiving raw sewage drains, and tap water
collected in containers for domestic use, all from congested areas of Bangkok. In addition, several
samples of commercial drinking water were analyzed. All samples were concentrated and examined for
rotavirus antigen. Coliforms and fecal coliforms (0->1,800 MPN/100 ml) were observed but rotavirus
was not detected in any sample. This study suggests that the speedVac reconcentration method gives tl
most efficient rotavirus recovery from water samples.

Key words: rotavirus - speedVac reconcentration - water samples

Rotaviruses cause acute gastroenteritis mainhecessary for detection. Several methods for con-
in infants and young children admitted to hospitatentrating waterborne viruses have been suggested
(Kapikian & Chanock 1996). The viruses are exbut adsorption-elution from microporous filters
creted in large numbers in the feces of infectesleems to be the most promising technique
individuals. Waterborne outbreaks of rotavirugGuttman-Bass & Armon 1983, Lewis & Metcalf
have been reported (Hopkins et al. 1984, Kukkul2988, Li et al. 1998, Abbaszadegan et al. 1999).
et al. 1997). Rotavirus was detected in sewagklthough the reverse transcriptase-polymerase
(Mehnert & Stewien 1993, Gajardo et al. 1995¢hain reaction (RT-PCR) technique was developed
Dubois et al. 1997), river water (Gilgen et al. 1997)or direct detection of rotavirus double-stranded
groundwater (Abbaszadegan et al. 1999), angdNA (ds RNA) from water samples (Dubois et al.
drinking water (Jothikumar et al. 1995, Gratacap1997), the virus concentration technique by adsorp-
Cavallier et al. 2000). The presence of rotavirus ition-elution continues to be used for detection of
water and sewage indicates contamination of th@tavirus ds RNA (Gilgen et al. 1997, Abbas
virus in the environment. However, the density ofadegan et al. 1999). Reconcentration methods
virus in water is so low that virus concentration igarried out by aluminum hydroxide precipitation,

polyethylene glycol precipitation, or organic floc-
culation, require the addition of polycationic salts
and acidification of the primary eluate, thus lead-
ing to the possibility of virus loss (Lewis & Metcalf
1988, Toranzos & Gerba 1989). The use of evapo-
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from water samples by using a modified adsorptO min. Then, the pellet was dissolved in a 1/20
tion-elution technique. The recoveries of rotavirusol. of 0.15M NaBPQO,/ Na,HPQ,, pH 7.5 and
antigen in concentrated samples were examined btored at -88C until viral assay.
an enzyme-linked immunosorbent assay (ELISA). Polyethylene glycol precipitation Recon-
MATERIALS AND METHODS centration by polyethylene glycol (PEG) precipi-
tation was carried out essentially as described by
Virus concentration methed'he technique for | ewis and Metcalf (1988), with some modifica-
concentration of virus was carried out using a staflion. The primary eluate was brought to 3% beef
dard method (American Public Health Associatiorxtract and adjusted to pH 7.5. PEG (MW 6,000)
1992), with some modification. Inactivated bovineyas added to a final concentration of 8%. The elu-
rotavirus was seeded in a tap water sample of 1@@e was stirred at°@ for 2 h and centrifuged at
ml. Prior to inactivation, the material contained10,000 x g for 20 min. The pellet was suspended
approximately 1Binfectious forming units (IFU) in 0.15M NaHPO,/Na,HPQO,, pH 9.0 and soni-
per ml, as determined by cell culture. Thereforezated at high frequency (20 kHz + 50 Hz) with a
the amount of inactivated rotavirus in 100 ml wasonicator (Sonics & Materials, Danbury, CT) for
~3.5X10* IFU. The tap water was dechlorinated30 sec. Next, the suspension was shaken at room
by sodium thiosulfate with a final concentration oftemperature for 20 min, and centrifuged again at
50 mg/l. For the negatively charged filter, thel0,000 x g for 30 min. Finally, the supernatant was
seeded tap water was preconditioned to acid pH @tllected and stored at 8D until use.
3.5 with 1N HCI and its ionic condition was ad- SpeedVac concentratierA speedVac instru-
justed with AICk to a final concentration of 0.0015 ment (Savant, Famingdale, NY) was used for re-
N. The mixture was stirred for at least 30 min. Théoncentrating the primary eluate. The technique
tap water was placed in the adsorbent filter hold&ombined centrifugal force, vacuum, and heating
and passed through a GN-6 Metrélter, 47 mm  at medium temperature (43) for solvent removal
in diameter and 0.45 um porosity (Gelman, An@nd sample concentration. It took 4 h for concen-
Arbor, MI). The membrane filter was washed withtration of the eluate (7.5 ml) to a final volume of
0.15 N NaCl, pH 3.5, to remove exces§*AlThe  0.5-1 ml. The concentrated eluate was stored at -
adsorbed virus was eluted by passing an elue@€°C until assay. .
solution (7.5 ml) through the filter. The primary ~ Rotavirus ELISA The presence of rotavirus
eluate was neutralized to pH 7 and the volume @intigen in the concentrated eluate was determined
the eluate was further reduced by reconcentratidly @ commercial rotavirus test kit (IDEIA™ Dako,
methods. Cambridshire, UK) following the procedure rec-
For the positively charged filter, seeded taMmended by the manufacturer.
water at pH 8.0 was passed through a Zefgor Wa_ter samplesWater samplgs were collected
MDS adsorbent filter, 47 mm in diameter and 0.3 Sterile 1-liter bottles from a river (4 samples),
um porosity (AMT Cuno, Meriden, CT) without domestic sewage (8 samples) and canals receiving
preconditioning the sample. The adsorbed viru@W sewage drains (12 samples), all located in con-

was eluted with an eluent solution and the primargested areas of Bangkok. Tap water collected in
eluate was reconcentrated. containers for domestic use (10 samples) and com-

Eluents- Three groups of eluents containingmerCia| drinking water (4 sqmple; from 'differe?nt
tryptose phosphate broth (TPB), beef extract (BE ,roducers) were also obtained in sterile 5-liter
or glycine, were included in the virus concentraPottles. Temperature and pH of all 38 samples were
tion technique. The TPB eluates were 1% TPB easured. The samples were transported to the
6% glycine + 6% arginine pH 9.0, and 2.9% Tpgaboratory in an ice box. Coliforms and fecal
+ 6% glycine pH 9.0. The BE elua{tes were 3% B[:eoliforms were identified by bacteriological meth-
pH 9.0 and 3% BE + 0.05M glycine pH 9.5. In the?dS (Hitchins etal. 1992). The water samples were
glycine group, 0.05M glycine pH 10.5, and 0 05,\/Iconcentrated in optimal conditions and determined

; : : ™ L
glycine pH 11.5, were used in the experiments. for rotavirus antigen by using the IDEIA™ kit,
The experiments comparing virus concentra-

Reconcentration methods tion methods are described in Figs 1, 2, 3. The en-
Organic flocculation- The method of vironmental water samples were processed accord-
reconcentration by organic flocculation was pering to the scheme shown in Fig. 4.
formed as described by Guttman-Bass and Armon Data analysis- Recovery rates of rotavirus
(1983). Briefly, the primary eluate was seeded witAntigen were calculated as the percentage of OD
rotavirus (3.5X10 IFU) and the pH was lowered value of the spiked virus after concentration com-
to 3.5, while shaking at room temperature for 3@ared with that before the concentration process.
min. The eluate was centrifuged at 3,000 x g foAnalysis of variance was used to determine the
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Spike inactivated bovine rotavirus in tap water, 100 ml

Add sodium thiosulfate to 50 mg/I

Part I: adjust pH to 3.5, add AlClo 0.0015 N and stir for 30 min

Pass through the filter GN-6 Metri€l0.45 um porosity

Wash with 0.15 N NacCl, pH 3.5

Part 1I: elute with each eluent of the following groups:
TPB group - 1% TPB + 6% glycine + 6% arginine, pH 9.0
or 2.9% TPB + 6% glycine, pH 9.0
BE group - 3% BE, pH 9.0 or 3% BE + 0.05M glycine, pH 9.5
Glycine group - 0.05M glycine, pH 10.5 or 0.05M glycine, pH 11.5

Adjust to pH 7 and reconcentrate by speedVac

ELISA using a commercial rotavirus test kit

Fig. 1: rotavirus concentration method using negatively charged membrane filtration: various eluents

Spike inactivated bovine rotavirus in 2.9% TPB + 6% glycine, pH 9.0, 7.5 ml

Organic flocculation Polyethylene glycol precipitation
Adjust pH to 3.5 Add beef extract to 3%
Shake for 30 min Adjusted to pH 7.5
Pellet at 3,000 x g for 10 min Add PEG (MW 6,000) to 8%
Dissolve in 0.15M Na5PO,/ Stir at £C for 2 h

NaHPQ,, pH 7.5 Pellet at 10,000 x g for 20 min

Suspend in 0.15M NajO,/
NaHPQO,, pH 9.0
Sonicate at 20 kHz + 50 Hz, 30 sec
Shaken for 20 min, and pellet again at
10,000 x g for 30 min

— =

ELISA using a commercial rotavirus test kit

Fig. 2: rotavirus reconcentration methods

effects of various factors. Such effects were corXperiments, 0.05 M glycine, pH 11.5, gave the high-
firmed by analysis of one way ANOVA for three €St mean recovery (53%) followed by 2.9% TPB +

variables or t-test for two variables in each facto% glycine, pH 9.0 (47.9%) and 3% BE + 0.05 M
glycine, pH 9.5 (37.7%). The use of 6% arginine in

RESULTS 1% TPB and 6% glycine gave a rotavirus recovery

Effect of eluents, and reconcentration methodsof 43.1%. After passing the same eluent five times,

Various eluents were compared using a negativetiie rotavirus recovery was lower than passing just
charged membrane filter (Fig. 1). After triplicateonce in both 2.9% TPB + 6% glycine, pH 9.0 and
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Spike inactivated bovine rotavirus in tap water, 100 ml

Add sodium thiosulfate to a final concentration of 50 mg/l

/\

Part |
Negatively charged membrane filtration Positively charged membrane filtration
Follow Part I in Fig. 1 Pass through the filter Zet&barMDS,

0.2 mm porosity, double layers

Part Il - elute with each of three eluents

2.9% TPB + 6% glycine, pH 9.0 SpeedVac reconcentration
Polyethylene glycol precipitation
3% BE + 0.05M glycine, pH 9.5 SpeedVac reconcentration
Polyethylene glycol precipitation

0.05M glycine, pH 11.5 SpeedVac reconcentration

A/

Polyethylene glycol precipitation

!

ELISA using a commercial rotavirus test kit

Fig. 3: rotavirus concentration using different membrane filters, eluents and reconcentration methods.

Collect water from various sources in sterile bottles

Measure temperature and pH
/\
Identify for coliforms and fecal coliforms Detection for rotavirus

Concentrate by negatively charged
membrane filtration

Follow Part | in Fig. 1

Elute with 0.05M glycine, pH 11.5

Reconcentrate by speedVac

ELISA using IDEIA™

Fig. 4: processing of environmental water samples (1l or 5I)

0.05 M glycine, pH 10.5, as shown in Table I. Thavith PEG precipitaion (45.7%). The three eluents
three different kinds of eluents which gave the highand the two reconcentration methods (PEG precipi-
est recoveries of rotavirus were further assayethtion and speedVac concentration) were compared
These eluents included 0.05M glycine pH 11.5, 2.9%uring the use of positively and negatively charged
TPB + 6% glycine pH 9.0, and 3% BE + 0.05Mmembrane filtration (Fig. 3).

glycine pH 9.5. In the comparison of the two Rotavirus recovery on different conditions
reconcentration methods (Fig. 2), less rotavirus wa&’hen negatively charged filtration and speedVac
recovered using organic flocculation (23.3%) thameconcentration were used, 0.05M glycine, pH 11.5
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gave the highest rotavirus recovery of 56.6 + 2.7%ositively charged membrangsyalue <0.001.
(mean = SD) followed by 2.9% TPB + 6% gly-Moreover, reconcentration by a speedVac concen-
cine, pH 9.0 (41.2 + 13.6%) and 3% BE + 0.05Mrator gave a significantly higher virus recovery in
glycine, pH 9.5 (37.6 £ 5.3%). Whatever eluentsegatively charged filtration than that in positively
were used, reconcentration by PEG precipitatiooharged filtration with @-value of 0.004, as shown
recovered less than half of the virus, as shown in Table IV.
Table II. Rotavirus antigen in environmental water
Lower recoveries were observed using posisamples The modified adsorption-elution method
tively charged filtration. With speedVac was used to determine rotavirus antigen in water
reconcentration, 2.9% TPB + 6% glycine, pH 9.Gamples collected from various sources with a use
gave the highest rotavirus recovery of 34.9 + 8.4%f a negatively charged filter, 0.05M glycine, pH
followed by 3% BE + 0.05M glycine, pH 9.5 (28.211.5, and speedVac concentration (Fig. 4). The
+5.7%) and 0.05M glycine, pH 11.5 (25.3 + 0.1%environmental water samples had pH and tempera-
whereas PEG precipitation gave a much loweure in the range of 7.23-8.75 and 28-32, respec-
rotavirus recovery (Table 1lI). tively. After reconcentration, the water samples
Factors influencing virus concentration methodwere concentrated 2,000-10,000 fold. Although
- The three different kinds of eluent did not affectoliforms and fecal coliforms (0->1,800 MPN/ml)
the efficiency of rotavirus concentration. The usevere found in water samples collected from sew-
of speedVac concentration increased the efficien@ge, canals, river and tap water in containers for
of the virus concentration method significantly ovedrinking or domestic uses, rotavirus antigen was
PEG precipitation when using both negatively andot detected by a commercial ELISA kit.

TABLE |
Recovery of rotavirus antigen using negatively charged filters with different eluents

Eluent Rotavirus antigen recovered?(%)

No. 1 No. 2 No. 3 Mean (x)
1% TPB + 6% glycine + 6% arginine, pH 9.0 43.13 ND ND 43.13
2.9% TPB + 6% glycine, pH 9.0 52.42 50.58 40.85 47.95
2.9% TPB + 6% glycine, pH 9.0, 5 tinfes 30.22 ND ND 30.22
3% BE, pH 9.0 41.64 35.73 34.70 37.36
3% BE + 0.05 M glycine, pH 9.5 42.68 33.46 37.09 37.74
0.05 M glycine, pH 10.5 59.56 ND ND 59.56
0.05 M glycine, pH 10.5, 5 timés 43.69 ND ND 43.69
0.05 M glycine, pH 11.5 62.03 50.99 46.03 53.02

a: tap water, 100 ml was spiked with 350 pl of rotaviru$ (it@ectious forming units/mib: the filter was eluted
with the same eluent for 5 times; ND: not determined.

TABLE Il

Recovery of rotavirus concentrated by negatively charged filtration with three different eluents on speedVac
concentration or polyethylene glycol (PEG) 6000 precipitation

Rotavirus recovered (%)

Eluents 2.9% TPB + 6% glycine pH 9.0 3% BE + 0.05 M glycine pH 9.5 0.05 M glycine pH 11.5

Experiment SpeedVac PEG SpeedVac PEG SpeedVac PEG
concentration  precipitation  concentration  precipitation  concentration precipitation

No. 1 30.41 18.18 34.57 10.13 57.77 17.80

No. 2 36.86 14.82 34.48 16.14 58.46 22.76

No .3 56.32 23.29 43.66 19.85 53.55 23.08

Mean (X) £ SD 41.22 +13.58 18.76 + 4.27 37.57 +5.27 1537+4.91 56.59+266 21.21+*2.96

a: tap water, 100 ml was spiked with 350 pl of rotavirus (héectious forming units/ml), concentrated by adsorption-
elution technique using a negatively charged membrane (GN-6, Metricel with 0.45 pm porosity) and reconcentrated
by speedVac concentration or polyethylene glycol (PEG) 6000 precipitation.
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TABLE Il

Recovery of rotavirus concentrated by positively charged filtration with three different eluents and speedVac
concentration or polyethylene glycol (PEG) 6000 precipitation

Rotavirus recovered (%)

Eluents 2.9% TPB + 6% glycine pH 9.0 3% BE + 0.05 M glycine pH 9.5 0.05 M glycine pH 11.5

Experiment SpeedVac PEG SpeedVac PEG SpeedVac PEG
concentration  precipitation  concentration  precipitation  concentration precipitation

No. 1 44.57 17.03 34.74 23.51 25.14 16.30

No. 2 30.13 13.73 24.59 20.73 25.32 13.46

No. 3 29.87 12.93 25.32 20.20 25.32 13.73

Mean (X) £ SD 34.86 +8.41 1456+217 2822+566 21.48+1.78 2526+0.10 1450+ 157

a: tap water, 100 ml was spiked with 350 pl of rotavirug {@ifsctious forming units/ml), passed through positively
charged membranes (double layers of Zetapor, 0.20 um). After elution, the sample was reconcentrated by speedVac
concentration or polyethylene glycol (PEG) 6000 precipitation.

TABLE IV

Recovery of rotavirus concentrated by negatively or positively charged membrane filtration with different eluents
and reconcentration methods

Characteristics Negative charged filter Positive charged filter  p-value
Mean + SD Mean + SD

Eluents
2.9% TPB + 6% glycine, pH 9.0 29.99 + 15.22 2471 £12.40 NA
3% BE + 0.05 M glycine, pH 9.5 26.47 £12.98 24.85 £5.26 NA
0.05 M glycine, pH 11.5 38.90 + 19.54 19.88 +£ 5.98 NA
p-value 0.41% 0.52¢%

Reconcentration methods
SpeedVac concentration 45.13 £ 11.44 29.44 + 6.62 6.004
PEG precipitation 18.45 + 4.38 16.85 + 3.83 0k21
p-value < 0.00% < 0.00P

NA: not analyzeda: one way ANOVAb: t-test

DISCUSSION ate eluent for both negatively and positively

Of the eluents used, 0.05 M glycine, pH 11.5harged membranes. o .
gave the highest mean recovery after triplicate ex- SPeedvac reconcentration yielded the highest
periments. The primary eluate was simply adjuster(?tav'rus recovery. The evaporation combined with

to pH 7.0 to avoid the possibility of appreCiab|ecentrifugation simultaneously reduced the volume
virus inactivation because it contained phenol re@f the eluate and concentrated the samples 2,000-

as a pH indicator. To reduce the possibility of viraf-0:000 fold. The use of a speedVac concentrator
inactivation at pH 11.5, elution with glycine, pH!N the second step of rotavirus concentration al-
10.5, was attempted but it was observed that el{pved for the reduction of eluate volume without

tion with this solution gave lower and more erratig. e need for the addition of cationic salts and acidi-
recoveries than did elution at pH 11.0 (Farrah ation. This method has several advantages over

al. 1976). Three percent BE gave a rotavirus r(%_e.:existing PEG precipitation and organic floccu-
covery lower than elution with glycine buffer al-'ation procedures. Furthermore, we found that at
though BE was observed to be a more efficient ell€aSt One virus (poliovirus) is not inactivated dur-
ent than glycine buffer in other studies (Sobsey &9 the reconcentration process, as determined by
Glass 1980, Guttman-Bass & Armon 1983). ieell culturellgolanon (unpublished observation).
positively charged filtration, the efficiency of vi- . The.ﬁ?sntlvely cheg%ed 'memfbrarl[e Cotjld goll)soHrb
rus concentration method was greatly reduced p{ffUs Without preconditioning or water at acid p
elution with 0.05 M glycine, pH 11.5 but was notO" addition of AIC} but it gave a lower recovery

when 2.9% TPB + 6% glycine, pH 9.0 was usecnd significantly different results compared with
This indicates that the latter might be an appropril© negatively charged membrane. Therefore the
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optimum condition for rotavirus concentrationGuttman-Bass N, Armon R 1983. Concentration of sim-
method was negatively charged filtration, elution ian rotavirus SA11 from tap water by membrane fil-
with 0.05 M glycine, pH 11.5, 2.95 TPB + 6% gly- tration and organic flocculation Appl Environ
cine, pH 9.0 or 3% BE + 0.05 M glycine, pH 9.5, _ Microbiol 45: 850-855. - .

and reconcentration by speedVac. Using this techtitchins AD, Feng P, Watkins WD, Rippey SR, Chan-

ni rotavir ntiaen has been detected in do- dler LA 1992.Escherichia coliand the coliform
que, rotavirus antigen has been detecle O pacteria. IBacteriological Analytical Manualfth

mestic sewage (Kittigul et al. 2000).. In this study, ed., Food and Drug Administration, AOAC Inter-

rotavirus antigen was not detected in any sample. national, Arlington, p. 27-49.

This may be due to the different sites of samplgiopkins RS, Gaspard GB, Williams Jr FP, Karlin RJ,

collection. Eluents containing BE should be Cukor G, Blacklow NR 1984. A community water-

avoided because it can cause non-specific reaction borne gastroenteritis outbreak: evidence for rotavirus

in ELISA (Jansons & Bucens 1986) and inhibition ~ as the agentAm J Public Healtv4: 263-265.

of virus detection by the RT-PCR technique]ansons J, Buce_ns MR 1986. Concentration of rotavirus
by ultrafiltration. Water Re®0: 79-83.

(Kop_eckg et al. 1993, thwab et al. 1993). Th othikumar N, Khanna P, Paulmurugan R, Kamat-

appllcatlon of a commerc!al ELIS.A was rep(_)rte chiammal S Padmanabhan P 1995. A s:imple de-

for determination of rotavirus antigen in environ- yice for the concentration and detection of enterovi-

mental water samples with high sensitivity and rys, hepatitis E virus and rotavirus from water

specificity (Dahling et al. 1993). Although rotavirus  samples by reverse transcription-polymerase chain

was not detected by a commercial ELISA in the reaction.J Virol Methods55; 401-415.

present study, it is emphasized that the use of modiapikian AZ, Chanock RM 1996. Rotaviruses. In BN

fied adsorption-elution technique in optimum con-  Fields, DM Knipe, PM Howley, RM Chanock, JL

dition and speedVac reconcentration is an effec- Melnick, TP Monath, B Roizman, SE Straus (eds),

tive method for rotavirus concentration from wa-  Fi€lds Virology 3rd ed., Lippincott-Raven, Phila-
ter samples. delphia, p. 1657-1708.
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