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Propagation o f S mall R ound S tructured Viruses in Vitro -
and Detection by RT-PCR in Wastewater
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UTBREAKS of small round-structured viruses have been

associated with contaminated drinking water and food.
Accordingly, wastewater is considered the main indicator for the
incidence of these viruses between populations. In this study 72 raw
wastewater and treated effluent samples were collected from three
wastewater treatment plants in Cairo. The collected samples were
concentrated by filtration through nitrocellulose membranes and
detoxified by extraction with freon followed by reconcentration by
PEG 6000 precipitation method. Ail concentrated samples were
inoculated in three cell culture types, Vero, BS-C-1, and Huh-7 cells.
To enhance virus isolation and propagation, the cells were treated for

2hr at 379C with 40 pg of the water extract of Aerva Javanica
(Burm.F.),Juss.Ex Schuit plant and then the wastewater concentrated
samples were inoculated for three successive passages, 4 days each.
By RT-PCR, SRSVs were detected in 11 wastewater samples, and
only one sample for untreated Huh-7 cells. In the treated BS-C-I and
Huh-7 cells, 1 2 SRSV positive R T-PCR s amples were d etected but
for treated Vero cells, only 7 samples were positive. The genogroup
differentiation assay revealed that 10 samples out of 12 were of
genogroup [. The muain conclusion of this study is that SRSVs may be
isolated by propagation in cell cultures previously treated with the water
extract of Aerva Javanica plant, which facilitate this propagation. Also,
detection of SRSVs in wastewater may be reflecting the importance of
studying this group of viruses in our populations.

KeyWords: Small round structured viruses (SRSVs), Wastewater
treatment plants, RT-PCR and Cell culture

Small rounded structured viruses (SRSVs) are positive sense single stranded
RNA viruses (Jiang er al, 1990) and have been classified as members of
Caliciviridae family .The family Caliciviridae has been subdivided into three
genogroup and SRSVs have been assigned to genogroup I and 11, while classical
caliciviruses belong to genogroup 1l (Green er al., 1994; Wang er al., 1994).
Recently, the two major groups of human caliciviruses have been classified into
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distinct genera within the family Caliciviridae, and they bave been provisionally
named the “Norwalk-like viruses” and the “Sapporo-like viruses” (Green et ol
2000). Although alt caliciviruses share a common ancestor in phylogenetic
analyses,the “Norwalk-like viruses” and the “Sapporo-like viruses” form distinct
genetic clads within the Caliciviridae (Berke et al 1997, Noel et ¢1,1997). In
addition, certain features of their RNA genome organization distinguish them
from each other and from other genera in the Caliciviridae. The family has two
additional genera, Lagovirus and Vesivirus, each of which includes caliciviruses
of veterinary importance. SRSVs have high attack rate among both children and
adults, especially in semi-closed communities such as families (Pickering ef al,
1982), hospitals (Chadwick and McCann, 1994), residential homes (Jang et al,
1996), schools (Kobayashi er al,, 1991), universities (Kingar et al., 1996), and
cruise ships (Kobayashi ef af., 1992). Many of the outbreaks of SRSV enteritis
that are reported (Kaplan et afl, 1982;Kappus et a/, 1982;Wilson et al., 1982;
Lawson er al, 1991) are related to exposure to faecally contaminated water,
either - directly through recreational water and drinking water or indirectly
through consumption of uncooked shelifish, that have accomulated the v iruses
from their growing waters or consumption of wastewater irrigated fresh
vegetables. Other outbreaks are related to other food-products; these are mainly
due to contamination by an infected food-handler (Lodder et al., 2000; Appleton,
2000).The outbreaks of waterborne and shellfish-borne SRSV infections indicate
that polluted water is an i mportant vehicle for the transmission o f SRSV. The
most prevalent symptoms in adults are diarrhea, which may leads to death
presumably fiom electrolyte imbalance (Lodder et af, 2000; Wyn-Jones et al.,
2000). Attempts to culture SRSVs in vitro have been unsuccessful to date and no
animal model of infection and disease exists. Laboratory diagnosis relies largely
upon electron micrascopy (EM) and reverse transcriptase (RT) PCR (Alison et
al., 1999, Wolfaardt et al., 1995), However, organic and inorganic RT-PCR
inhibitors in the environmental water samples fimit the application of this
method (Tsai and Olson, 1992). Removal of inhibitory compounds can be
achieved by different methods such as antigen capture with specific antibodies
bound to a solid phase (Grinde et al, 1995; Schwab er al, 1996). Some
laboratories have developed enzyme-linked immunosorbent assay, but they are
strain specific (Gary ef al., 1985; Hale et al., 1996; Madore et al, 1986). The use
of plant extracts for virus replication inhibition 1s a worldwide attitude for drug
discovery programs. On the other side, some plant extracts were found to
increase virus titer in cell cultures. The aim of this study is to use a certain plant
water extract that was found to enhance poliovirus {type 2) replication, for
propagation of SRSVs, which isolated from wastewater. Also to determine the
most frequent genogroup in our wastewater,

Material and Methods

Wastewater samples

Wastewater samples were collected as 5 L from the intake and the treated
effluent of three wastewater treatment plants {Zeinen, EI-Berka and Mostorod) in
Great Cairo. The survey was for one year from November 1999 to October 2000.
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The collected raw wastewater samples were left for two hours to separate the
sediments, and the effluents of both raw and outlet were adjusted te pH 3.5 and
filtered through nitrocellulose membrane of 0.45 pm pore size, 142 mm diameter
for virus concentration (APHA, 1995). The adsorbed viruses were eluted from
the membrane in 1.5% beef extract, pH 9.5 and reconcentrated by precipitation
of the viruses by 7.5% polyethylene glycol 6000-2.5% NaCl as described by
Vilagines ef al. (1997).

The concentrated samples were exracted twice with freon and 50 ul of
antibiotic-antimycotic mixture (10,000 U penicillin G sodium, 10,000 pg
streptomycin sulfate and 25 pg amphotericin B, GIBCO BRL) were added per
each 5 ml concentrated sample.

Cell Cultures

Three types of cell cultures were used for cultivation of SRSVs, these were:
I) African green monkey kidney cells (Vero), ii) African green monkey kidney-
derived cells (BS-C-1), and iii) Human hepatoma cells (Huh-7). All cell cultures
were kindly provided by Prof. Verena Gauss-Muller at Medical Institute for
Molecular Biology, The medical University of Luebeck, Germany. The cells
were grown and maintained in Dulbecco’s minimum essential medium (DMEM)
with Glutamax 11 (GIBCO-BRL), supplemented with 10% foetal bovine serum
(FBS) for growth medium and 2% FBS for maintenance medium, and 1%
antibiotic-antimycotic mixture (GIBCO-BRL). The concentrated wastewater
samples were inoculated into the previous cells for three successive passages of
cell harvests at 4 days each, and then cells were frozen and thawed three times to
release viruses followed by low speed centrifugation to remove cell debris.
Viruses were concentrated and purified by freon extraction, followed by PEG
6000 precipitation as described by Vilagines et al. (1997).

Preparation of Plant extract
Aerva Javanico plant (Burm.F.) Juss.Ex Schult, was collected in May
20,1999 from scuth of Sinai, Bgypt . The plant was air dried in shade using a

solar oven at temperature not exceeding over 40°C,to avoid degradation of the
natural ingredients. The dried plant was then powdered to sieve No.36 to be
ready for the extraction step. The powdered plant was exhaustively extracted
with successive portions of water for 5 hrs then filtered. Aqueous extract was
combined and water was removed by freeze-drying. The lyophilized extract (100
mg) was dissolved in 10 ml sterile deionized water.

Cytotoxicity assay
Cytotoxicity experiments for the plant extract at two fold dilutions from 5Sug
to 320pg, were carried out on Vero, BS-C-1 and Hugh 7 cells. Non-radioactive
cell proliferation system (Promega) was used and processed as described by the
manufacturer. The color reaction was read at 570 nm wavelength with reference
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650 nm wave length. The non-cytotoxic concentration (40pg) was selected for
the virus replication enhancement assay.

Virus replication enhancement

To improve virus replication in the different cell cultures used, the cells were
treated with 40 pg of water extract of the derva Javanica (BurmF.} Juss.Ex
Schult, which was found as the high concentration non-cytotoxic for all cell
cultures used. After the treatment, cell cultures were incubated at 37°C for 2hrs
followed by inoculation of the concentrated wastewater samples and then 3
successive passages of cell harvest each for 4 days and viruses were harvested.
Untreated cells were also inoculated by the same samples as a control.

Oligonucleotide primers

The primers used for PCR amplification were Ni-sense (5°- GAA TTC CAT
CGC CCA CTG GCT-3") and E3-antisense (5’-ATC TCA TCA TCA CCA TA-
3’) (Green et al., 1995), which amplify a 113 bp product for the detection of both
genogroup I and II SRSV. For differentiation between genogroup II, and I two
primers were used; Gl (5’-TCN GAA ATG GAT GTT GG-3’) and GII (5’-AGG
CNT NGA AAT NAT GGT GGT -3°) {Green ef al., 1998); where E3, amplify
190 and 270-bp products of the RNA polymerase gene of genogroup I and
genogroup II viruses, respectively as shown in Table (1).

TABLE 1. Primer locations of small round structured-viruses.

Primer Orientation Genogroup Genomic location*
Ni Sense I 4756-4776
11 4492-4512
E3 antisense I 4869-4853
1II 4605-4588
GI Sense I 4679-4696
Gl Sense IT 4338-4355

® Genomic locations for genogroup I and II strains refere to Norwalk virus
and Lordsdale virus nucleotide sequences, respectively (Green, ef al., 1998).

RNA extraction, cDNA synthesis and PCR

Concentrated wastewater samples and the third cell culture passages of both
treated and untreated cells were tested for the presence of SRSVs by RT-PCR
with both Ni-E3 general primers and genogroup primers GI and GII as follow:
To 5pl sample, 4ul 5X RT buffer (250 mM Tris-HCl,pH 8.3, 375 mM KCl,
40mM MgCl12, 50 mM DTT), was added and covered with 50 pl mineral oil. The
mixture was heated at 99°C for 5 min to release viral RNA by heat shock then
chilled onice and 1pl (40U) Rnase inhibitor (Promega) was added. Reaction
mixture was prepared by mixing 2ul of 10 mM each dNTP,1pu! (0.25pmol/])
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antisense primer E3 and 0.5 pl {(10U) of reverse transcriptase from Rous-
associated virus 2 (RAV-2,TaKaRa B iomedicals, Japan), 4 plof SX RT buffer
and 7pl DEPC-treated water. The mixture was incubated at 37°C for 1 hr
followed by 99°C for Smin,then chilled on ice.The produced cDNA was used for
PCR reaction by mixing the following reagents to a final volume of 80 pl: 2 ul of
10 mM dNTPs, 2 ul of each sense (Ni} and antisense {E3) primer, 8ul of 10x
PCR buffer containing 2mM MgCl2 and Ipl (5U) TaKaRa Ex Tag DNA
polymerase, 47ul DEPC-treated water. The PCR mixture was sub_]ected to the
followmng temperature condition, 94 C M0 °C and 72 C for 1 min for 40 cycles
followed by an extention cycle at 72 °C for 10 min. The PCR product was
detected in 2% agarose gel containing 0.5pg ethidium bromide and visualized
under UV light comparing to the 100 bp DNA ladder {Promega). The same
procedure was applied with both genogroup primers (GI and GII) against
antisense primer E3 for positive RT-PCR samples in all cell culture harvests.

Results

RT-PCR of wastewater samples

SRSV-specific amplification segments were detected in 11 out of 72 samples
{15.27%) as shown in fig (1-A). Although, Zeinin and El-Berka WWTPs used a
secondary treatment and sometimes a disinfection step by chlorine, SRSVs were
detected in both raw wastewater and treated effluent as shown in Table (2).

TABLE 2. Effect of the treatment of Vero, BS-C-1 and Huh-7 cell lines with water
extract of Aerva Javanica (Burm.F.) Juss.Ex Schult, on SRSV
propagation enhancement.

No. of positive RT-PCR
. ::t;a;f\:at;:rm Concentrated Untreated cells Treated cells
r ntpla wastewater | Vero | BS-C-1 { Huh-7 | Vero | BS-C-1 Hl;h'
Zeinen
Raw N2 0 0 I ! 3 3
Treated 3
effluent 2/12 0 0 0 2 2 2
El-Berka
Raw 212 0 0 0] I 3 3
Treated 2/12 0 0 0 [ 2 2
effluent
Balaks
Raw 1/12 0 0 0 1 1 |
Treated .
effluent 12 0 0 0 I I i
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RT-PCR for detection of virus propagation enhancement

The results revealed that the plant water extract was highly effective at a
concentration of 40 ug/2X10 Scells. The three cell culture types were differed in
their efficiency for SRSV propagation. Where BS-C-1 and Huh-7 cells became
more susceptible after plant extract pretreatment than Vero cells. SRSVs were
detected in 11 of concentrated wastewater samples but, the untreated cell culture
harvests of Vero, BS-C-1 and Huh-7 cells were negative by RT-PCR except one
sarmple in Huh-7 cells. In contrast, the treated cell cultures were much
susceptible for SRSV especially BS-C-1 and Huh-7 cells where 12 samples were
positive by RT-PCR, one of them was negative in concentrated wastewater
sample. The treated Vero cells were less susceptible than the other two cell lines
where only 7 samples out of 12 were positive by RT-PCR (Table-2 and Fig.1).
This meant that some sort of propagation has been achieved which amplified the
low titer of SRSV in the water samples that was beyond RT-PCR detection limit.

M-123456760104112

M1 2348678

Fig. 1. RT-PCR amplification products of SRSVs with Ni-E3 primers for A)
concentrated wastewater samples, B) for experimentatly infected cell
culture (Vero) harvest, C) for BS-C-1 cells and D) for Huh-7 cells. Samples
showed a 113 bp bands against 100 bp DNA ladder (Promega). Lane (-) is
the negative control .

M- 1 2 3 4 5 6 7 8 9

Fig. 2. RT-PCR amplification products with GI-E3 primers of experimentally
infected BS-C-1 cell harvests, which showed positive response with Ni-E3
primers by RT-PCR. Lane (M) is the 100pb DNA ladder (Promega) and all
samples showed 190 pb bands except sample no 10 and 12 which were
negative. Lane (-} is the negative control .
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SRSV Genogroup Differentiation

The experimentally infected BS-C-1 cell culture harvests of thg wastewater
samples that were found to be positive for SRSV by RT-PCR with the broadly
reactive NI-E3 primers were genotyped by RT-PCR using GI and GII primers.
The results revealed that all the samples were of genogroup I and two samples
were negative as shown in Fig.2.

Discussion

Raw wastewater is stiil the very accurate monitor for enteric viruses shedding
and virological examination of it may reflect to some extend the public health of
a certain population. In the present study SRSVs were detected in 16.6% of the
collected raw wastewater samples, which justifies the treatment of wastewater as
an urgent need to prevent the distribution of these viruses, which infect all age
groups and are frequently associated with gastroenteritis. Many studies dealt
with the characterization of SRSVs by nucleotide sequencing of the viral RNA
and different strains have been evolved (Ando er al., 1994; Dingle et al., 1995;
Green et al, 1998). In the study by Alison et al.(1999), 98% of the SRSV strains
detected in fecal speciemens by RT-PCR were of genogroup II and had greater
than 96% identity with Grimsby virus. In our study almost all SRSV detected
were of genogroup 1. The choice of diagnostic procedures for SRSV detection
have been limited to EM which was widely used. Also, enzyme linked
immunosorbent assays were used but most of them are strain specific (Gary er
al,1985; Hale et al.,1996; Madore ef 2.,1986) and RT-PCR (Alison et al., 1999;
Kojima, 2001; Otsu er al, 2000). The sensitivity of SRSV detection has been
increased much since Green ef @/(1998) have introduced the nested RT-PCR.
The introduction of a material which may enhance virus propagation will
facilitate the characterization studies and increase the possibility of virus
isolation in cell cultures. Our work is continued to fractionate the plant extract to
separate the active material which will be evaluated and the mechanism of virus
propagation enhancement will be studied.

The main conclusion of our study is that SRSVs are representing a health
hazard factor and the treatment of water and wastewater is necessary for
elimination of waterborne viral enteritis.
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