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ABSTRACT  

In recent years it has been recognized that viruses are an important cause of food-borne 
disease. Viruses do not grow or multiply in or on foods, but foods may become contaminated with 
human viruses and transmit infection. Three vegetables samples of (Lettuce, green onion, and 
watercress) were obtained from the site of drainage water (Baher El-baker (Port Said) and El- 
Manzalla (Daqahliah)). The samples were extracted and concentrated. Rotavirus was qualitatively and 
quantitatively detected by molecular (rt-RT-PCR), serological (ELISA) and biological (TC) methods, 
it was found a characteristic CPE of RV represented as cells became rounded and giant. The 
infectivity titer of Rotavirus was estimated by plaque assay on Caco-2 cell recording an infectivity 
titer of (9.5x106). On the other hand, concentrated vegetable and water samples were negative by 
ELISA and Rapid chromatographic immune assay, while vegetable samples were positive by ELISA 
and water samples were positive by Rapid immune assay post inoculation on both Vero and Caco-2 
cell lines respectively. The virus particles had Icosahedra symmetry without lipid envelope. The 
amplification fragmented of VP6 gene of Rotavirus using conventional RT-PCR was the expected 
size of 230 bp and by RT-PCR as well and Accession No. LC145767.1. 

 
Key words: Rotavirus, Foodborne viruses, RT-PCR, rt-RT-PCR, plaque Assay 

 
Introduction 

Some enteric viruses, such as HAV, NOV and Rotavirus are able to withstand certain treatment 
use for wastewater and their presence in surface water that contains such effluents is frequently 
reported around the world (Okoh et al., 2010).  Raw and minimally processed fruits and vegetables 
are typically sold to the consumer in a ready-to-use or ready-to-eat form. These products do not 
generally contain preservatives or antimicrobial agents and rarely undergo any heat processing prior 
to consumption. This contamination can arise at source in the growth and harvesting area from contact 
with contaminated water and inadequately or untreated sewage sludge used for irrigation.  

Alternatively, fruits or vegetables handled by an infected person might become contaminated 
with virus and transmit infection. The most frequently reported foodborne viral infections are viral 
gastroenteritis and hepatitis A has been associated with the consumption of fresh fruit or vegetables 
(Seymour and Appleton 2001). For the most common food-borne viruses, only a few infectious 
particles (10-100) may result in a high probability of infection, whereas very high loads of viruses 
may be shed in stool samples of infected individuals (106-107 per gram of stool or more). Therefore, 
unless the initial cases in a food- borne transmission are detected, the event may present as a person-
to-person outbreak that will not be attributed to food as a source of the infection (Newell et al., 2010). 
However, as most food-borne viruses are undeveloped, they do show a high resistance to 
environmental stressors, such as heat, high or low pH, drying, light and UV exposure (Baert et al., 
2009; Vasickova et al., 2010). This persistence allows them to remain infective in foods for periods 
from 2 days to 4 weeks (Bidawid et al., 2001; Hewitt and Greening, 2004; Butot et al., 2008). 
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Sensitive methods are therefore needed when screening food products for the presence of food-
borne viruses. To date, cultivation of most foodborne viruses is still not possible in cell culture. 
Therefore, detection of these viruses in foods currently relies upon the use of molecular methods 
(Stals et al, 2012). This investigation aims to detect and characterize Rotaviruses in some outlet of 
drainage water and some vegetable crops collected from the same source. 
 
Material and methods  

This investigation was carried out in virology lab, Agric. Microbiol., Fac. of Agric. Ain Shams 
Univ., and Applied Research of the Holding Company for Biological Product and Vaccines 
(VACSERA), Cairo, Egypt. 

 
Collection of vegetables sample: 

The fresh vegetable crops (Lettuce, green onion, and water cress) were collected from the site 
of drainage water (Baher El-baker (Port Said) and El- Manzalla (Daqahliah). and washed in it. Five 
Kg of each crops were stored in plastic bag and kept at (-20ºC) until use for extraction. 
 
Concentration of raw vegetable extracts: 

Viruses were collected from the food (vegetables) surface via: 40 mL of 10% beef extract was 
added to 25 gm raw vegetable sample and stirred for 30 min. at room temperature. The mixture was 
centrifuged at 12000 rpm for 15 min. under cooling, the pellet was discarded and the supernatant was 
then concentrated by organic flocculation method according to Katzenelson et al., (1976). 
 
Molecular detection of Rotavirus: 
 
Extraction of total RNA: 

Total RNA was extracted from 100 µL of each concentrated samples according to the 
manufacturer's instructions (Invitrogen Life Technologies, Paisley, Scotland). 
 
Designing of Rotaviruses primers: 

The set of primers of the VP6 gene used for RT-PCR were the forward VP6-F (953 to 1013 nt) 
primer 5'-AGCACAACCTTTTCAGCACC-3' and the reverse primer, (1164 to 1183 nt) VP6-R 5'-
GTGAAAACGCGTTGCAAGTT-3' according to Iturriza-Gomara et al., (2002). 
 
RT-PCR of a fragment of the VP6-coding gene: 

Extracted samples (5 µL) were heated to 99ºC for 5 min and immediately placed on ice. Salts, 
nucleotides, primers and 100 µL of the reverse transcriptase (Fermentas-EU) were added in 10 µL 
final volume to give a working concentration of 50 mM Tris-HCl, pH 8.3, 40 mM KCl, 5 mM MgCl2, 
5 mM DTT, 0.5 mM tween 20, 0.2 mM of each dNTPs (Fermentas-EU) and 1 mM of both VP6-F and 
VP6-R primers. The mixture reaction was incubated for 60 min. at 50ºC for the RT reaction. Five mL 
of the PCR buffer, (2 mM MgCl2) 0.2 mM of each dNTPs, 1 mM of each primer and 2.5 µL of the 
Taq-DNA polymerase enzyme were added. 40 cycles of amplification at 94ºC for 1 min, 50Cº for 1 
min, and 72ºC for 1 min. were performed with a final extension of 72Cº for 10 min. PCR products (10 
mL) were analyzed by electrophoresis on 1% agarose gels (Panreac-spain). 
 
Real time RT-PCR of Rotavirus detection: 

Real time RT-PCR was done for positive samples in previous RT-PCR screening. The RT 
mixture contained10 pmol of 1x reverse transcriptase buffer (Fermentas-EU) containing a 10 pmol 
concentration of each dNTPs (Fermentas-EU), 0.4 µL of the sense and antisense primer VP6 
according to Villena et al., (2003), 20 pmol of a heat-denatured and quick-chilled test sample contains 
RNA, and 20 µL of Moloney Murine Leukemia Virus reverse transcriptase. Real time PCR was done 
using power SYBR green PCR master mix (Applied Biosystem, UK) with 0.5 µL of forward primer 
VP6 and reverse primer VP6 in a total volume of 25 µL. Amplification was performed with 40 cycles 
in a Real time PCR machine (step one, Applied Biosystem). The cycle involved denaturation at 95ºC 
for 5 min, primer annealing at 95°C for 15 sec. and primer extension at 60ºC for 1 min. The final 
extension step was done at 65ºC for 1 min. Positive control used was a plasmid (pCR2.1-TOPO, 
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Invetrogen, USA) containing full length of cDNA of Rotavirus VP-6 genome (dilution from 101 to 
106). 
 
Detection by rapid chromatography immunoassay: 

All concentrated extracts of the vegetables samples as well as propagated virus, were examined 
against Rotavirus by the Antigen Rapid Test (Cassette) kit (CORTEZ. One step Rotavirus antigen 
Rapid Card Insta Test California a1302 USA, 176666-1). 
 
Detection by Enzyme-Linked Immunosorbent Assay (ELISA): 

RIDASCREEN® Rotavirus is an enzyme immunoassay for qualitative in concentrated extracts 
of vegetable samples as well as propagated virus according to Coulson and Holmes (1984). 
 
Propagation and micro titration of Rotavirus: 

The concentrated virus, extracted from concentrated extracts of vegetables were passed on cell 
culture, Vero cell line, clone (CCL-81) (Yasumura and Kawakita, 1963) and Caco-22 cell line, human 
colon adenocarcinoma cell line (Pinto et al., 1983). 

Viral infectivity was measured according to Reed and Muench (1938), where the test viruses 
were tenfold serially diluted in MEM-E or PRM1 medium, each dilution was dispensed to a column 
of 8 wells. Seven days later on the tissue culture infective dose (50) for each virus model was 
determined. The highest dilution producing cytopathic effect in 50% of the inoculated cells was 
determined (end point dilution). TCID  50/mL was calculated by Reed-Muench (1938). 

 
Plaque assay of Rotavirus: 

Confluent monolayer of cells were prepared (Vero cell and Caco-2 cell) in 6 well plates (Nunc). 
Serial 10-fold serial dilutions were prepared (101-107) of virus in chilled maintenance medium (MEM-
E or PRM1 with 1% serum). Culture medium were removed and 0.2 mL of virus inoculums were 
added, starting from the highest dilution. The plates were incubated at 37C for 1 hour with 
intermittent rocking of the plate. The inocula were removed, preferably with a pipette and then 1.5 mL 
of agarose overlay medium (growth medium were added with 1% agarose and 2% FCS). It was left at 
room temperature for 10 min. and then incubated it at 37C. The monolayer daily, were examined 
starting from second day of incubation. Once the plaques had developed, usually by the fourth day 
post inoculation, the numbers of plaques were counted at each dilution, the agarose overlay was 
removed and gently washed the monolayer with phosphate buffer saline (PBS). The plate was stained 
with 0.1% crystal violet solution and the plaques were counted again. The virus titer was estimated as 
a plaque forming units per mL (PFU/mL). 
 
Cytopathic effect: 

The plates were examined under an inverted microscope (HUND-Germany) after 3 to 4 days 
when a confluent monolayer of Vero cells could be seen. Effect of viral infection was considered 
based on the development of cytopathic effect (CPE).  
 
Electron microscopy examination: 

A few drops of concentrated samples were placed on carbon-coated grids for one min, and then 
dried with edge of small filter paper. Virus particles existed on grids was stained with 2% 
phosphotungestic acid (PTA) (Almeida and Waterson, 1980) for one min. to dry. The stained grids 
were examined by transmission electron microscope (TEM) (JEOL TEM.1400 electron microscope) 
in the Regional Center of Mycology and Biotechnology (RCMB) El-Azhar Univ., Cairo, Egypt. 
 
Results 
 
Qualitative and Quantitative assaying of Rotavirus by PCR: 

Assessment of Rotaviruses in concentrated vegetables sample was carried out by rt-RT-PCR. 
Total RNA was extracted by traizol reagent from concentrated samples was investigated for 
Rotavirus. In this investigation, samples of 3 concentrated extracts of vegetables (lettuce, green onion, 
and watercress), washed with drainage water (Baher El-baker) and 3 concentrated vegetables washed 
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with drainage water (El-Manzella) samples was detected of Rotavirus using syper green fluorescent 
dyes by rt. RT-PCR. 

Resulted revealed that, Rotaviruses was detected in the concentrated extracts of vegetables 
collected from Baher El-Baker and El-manzalla where the result revealed cross amplification Signal 
and cutted off of the threshold (CT) curve as showing in fig, (1). The concentrated extracts of 
vegetables were contaminated with Rotavirus with, 9.2x103; 4.5x103 and 1.2x103 for lettuce, 
watercress and green onion, washed in the drains water of Baher El-Bakerand 2.1x103; 1.1x103 and 
2.8x102 for lettuce, water cress and green onion, washed in the drains water of El-Manzalla, 
respectively (fig.1). 

 

 
Fig. 1: A photographs of Rotavirus amplification profile for concentrated vegetables extracts washed 

in drainage water by rt-RT-PCR. 
 
1-Concentrated Lettuce leaves washed in Bahar El-Baker drainage water. 
2- Concentrated watercress washed in Bahar El-Baker drainage water. 
3- Concentrated Lettuce leaves washed in El-Manzalla drainage water. 
4- Concentrated watercress washed in El-Manzalla drainage water. 
5- Concentrated green onion washed in Bahar El-Baker drainage water. 
6-Concentrated green onion washed in El-Manzalla drainage water. 
7- Positive control.  
8- Concentrated drainage water collected from Tala. 
9- Concentrated drainage water collected from El-Rahawy. 
10- Negative control. 

 
Serological detection of Rotavirus: 

One step Rotavirus antigen Rapi CardTM Insta Test was used to detect Rotavirus in the 
concentrated extracts of vegetables. The positive samples were distinct pink colored band appeared on 
test regions, in addition to a pink line on the control line region. According to Rapi CardTM Insta Test 
Rotavirus antigen was not detected in concentrated the extracts of vegetables samples were gave 
negative result where revealed one line across the control window. 
 
Enzyme-Linked Immunosorbent Assay (ELISA): 

The ELISA test was used to detect Rotavirus in concentrated the extracts of the vegetables were 
giving negative result in all samples. 
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Rotavirus propagation in cell line culture: 
Cultivation and propagation of concentrated extracts of the vegetables samples which gave a 

negative result with rapid chromatographic immunoassay and ELISA tests with Rotavirus antigen 
were revealed virus particles where cells have emerged in the form of decomposed (Vero cell and 
Caco-2 cell) at differed developed time (incubation period). Rotavirus can propagated in Vero cell and 
showed CPE after 4 days, and propagated in Caco-2cell, resulting CPE after 3-4 days (fig. 2). 

 

 
Fig. 2: The normal cell line of veroandCaco-2 cell and infected cell with Rotavirus showing CPE 

(RV). 
 
Rotavirus titration:  

Rotavirus was propagated in Caco-2 cell producing different concentrations in concentrated 
extracts of vegetables samples. Results indicated that the development of CPE in infected cells post 
infection of cells with Rotavirus extracted from vegetables (lettuce, watercress and green onion). 
Rotavirus was propagated in Caco-2 cell and showed CPE after 3-4 days recording an infectivity titer 
in the order of 2.4X104, 2.3X104 and 2.0x104 for lettuce, watercress and green onion irrigated with 
Bahar EL-Baker drainage water and 2.2x104, 2.1x104 and 1.5x104 PFU/mL (El-Manzalla), 
respectively. 
 
Serological detection of propagated Rotavirus in cell line: 

One step Rotavirus antigen used to detect Rotavirus in concentrated extracts of washed 
vegetables samples post propagation in Caco-2 cell line. According to Rotavirus antigen Rapi CardTM 

Insta Test it was found that, all samples gave negative result where revealed one line across the 
control window. ELISA was used to detect Rotavirus in concentrated extracts of washed vegetables 
post propagation in Caco-2 cell line. Positive reaction was defined if the optical density (OD) of test 
sample exceed that of cut off value; ≥ 0.24 (Table 1). 
 
Table 1: Detection of Rotavirus in concentrated extracts of washed vegetables samples after 

propagation in Caco-2 cell line by rapid immunoassay chromatography (rapid test) and 
ELISA test. 

Concentrated washed 
vegetables in drainage water 

EL-Manzala 

Concentrated washed 
vegetables in drainage water 

Bahar EL-Baker 

 
Sample 

 
 

Technique 
 

Green onion Water cress 
Lettuce 
leaves 

Green 
onion 

Water cress 
Lettuce 
leaves 

- - - - - - Rapid test 

0.440 0.502 0.551 0.501 0.601 0.652 ELISA (OD) 
 

-= -ve result  
+= +ve result 
ND= not detect 
OD= Optical density  
Positive sample =≥ 0.240 (OD) 
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Biological properties: 
 
Plaque assay of Rotavirus:  
     Rotavirus titer was calculated as plaque forming units (PFU/mL). The virus titer was 9.5x106 
(PFU/mL) after 4 days post infection in Vero monolayer cells culture under agarose (fig .3). 
 

 
Fig. 3: Vero cell line inoculated with Rotavirus showing different morphology of plaques as shown 

under with microscope. 
 
Cytopathic effect of Rotavirus: 

 Rotavirus produced cytopathic effects and abnormal cells after 3 to 4 days from incubation. 
The most common begins with cytoplasmic granulation after which the cells appear elongated  and 
swelling. Themacrocyte then become rounded take on are fractal appearance and undergo lytic 
degeneration. The second type of CPE with 5 days information of multinucleated giant cell (Fig. 4) 
 

 
Fig. 4: Cytopathic effects of Rotavirus on Vero and Caco-2 cell line. 
Rc= Round cell 
Gc= Giant cell 
Swc= Swelling cell 
Sc= Spinal cell 
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Rotavirus morphology: 
Viral concentrated drainage water and vegetables which gave positive result, with serological 

test using monoclonal antibodies specific for Rotavirus antigens and rt-RT-PCR were investigated 
with negative stain method by TEM at different magnification. The fig. (5) showed that, the virus 
particles are non-enveloped with Icosahedral symmetry with about 70 nm in diameter.  

 

 
Fig. 5: Electomicrographe showing the Rotavirus particles appear as an icosahedral with about 70 nm 

in diameter using negative stain method. 
 
Molecular detection of Rotavirus: 

CDNA of Rotavirus RNA: The obtained purified RNA from samples was transcribed to cDNA 
using RT and complementary primer set (reverse primer, VP6-R 5'-
GTGAAAACGCGTTGCAAGTT-3'). Amplification of Rotavirus cDNA: The cDNA-RNA Rotavirus 
was amplified by PCR technique. The size of PCR product was estimated by agarose gel 
electrophoresis comparing with standard DNA leader. The amplified fragment with expected size 
about 230 bp for two samples (fig.6). 

 
Fig. 6: 1% Agarose gel electrophoresis showing PCR amplified product from total RNA isolated from 

Rotavirus using specific primer sets compared DNA leader Lane (M), the arrow to expected 
size amplified fragment 230 bp. 
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The PCR products of vp6 genes for RV respectively were eluted from agarose gel using the gel 
DNA extraction kit. Amplicons forming the PCR was allowed for sequencing reaction through 
automated cycle sequencing method. Sequences obtained for each primer for each isolate had 
sufficient over layup between them and used to form one continuous sequence (Contag). The partial 
nucleotide sequences (231 bp) of vp6 genes DNA for RV, isolates were done to determine the 
relationship with other recommended isolate registered in Gen Bank (fig.,7).  

 

 
Fig. 7: Partial nucleotide sequence of vp6 genes for Rotavirus isolates. 
 
Sequence analysis based on multiple sequence alignment: 

The resulted sequences were compared with a Rotavirus recorded on the Genbank using 
DNAMAN and MEGA.4 programmers (Wisconsin, Madison, USA). The sequences of Egyptian 
isolates were aligned for determining the sequence registered in GenBank as shown in Fig. (8). 
Multiple sequence alignment (MSA) was displayed in which the corresponding nucleotides occupy 
the same column. Alignment of multiple genes shows the conserved sites and the percentage of 
conservation for each position as shown in Fig. (8). Aligned residues share evolutionary origin and 
sequence similarity to some extend. Multiple amino acid sequence alignment of vp1 Enterovirus and 
vp6 Rotavirus genes fragments shown in Fig. (9). 

 
Sequence analysis based on phylogenetic tree: 

Based on MSA analysis, the phylogenetic tree was performed and showed four clusters in 
which the Egy. Rotavirus.  showed homologous with KC412050.1 (Argentinian, strain); KJ919749.19 
(Hungarian isolate); KM027124.2 (Brazilian isolate) and JX683589.1 (Brazilian isolate) with 
percentage (25%), while both of Rotavirus KC412050.1 and KJ919749.1 were found to be highly 
homologous with percentage (99%), while percentage was (28%) between KC412050.1; KJ919749.1 
and JX683589.1: KM027124.2 while percentage was (29%) between JX683589.1and KM027124.2 so 
it was represented as a separate cluster as shown in Figs. (10). 

Rotavirus isolates were submitted to the RNA Data Bank of Japan (DDBJ), National Institute 
of Genetics, Shizuoka, Japan/European Molecular Biology Laboratory (EMBL), Heidelberg, 
Germany/GenBank, National Center for Biotechnology Information (NCBI), USA databases 
(Accession No. LC145767.1). 
 
Homology matrix of 5 sequences: 
Egyptian Rotavirus A   100% 
KC412050.1                  25.5% 100% 
JX683589.1                   22.5% 27.3% 100% 
KM027124.2                 27.7% 28.5% 28.7% 100% 
KJ919749.1                  26.0% 98.7% 27.2% 28.3% 100% 
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Fig. 8: Multiple nucleotide sequence alignment of vp6 Rotavirus gene fragment. 
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Egyptian Rotavirus 

KC412050.1

KJ919749.1

JX683589.1

  KM027124.2 

 99%

 29%

 28%

 25%

100% 20%80% 60% 40%

 
Fig. 9: Multiple amino acid sequence alignment of vp6 Rotavirus genes fragments.  
 
 

Fig. 10: Homology matrix and phylogenetic tree representing the relationship for Rotavirus isolates 
between Egyptian isolates based on RNA sequence homology. 

Discussion 
 

The development of rapid and sensitive diagnostic assay is of the utmost importance for 
diagnosing and monitoring RV contaminated drainage water and vegetables and consequently reduces 
hospital stays. The efficiency of diagnosis also allows for proper precautions to be taken to prevent for 
minimize RV spread. Initially rt-RT-PCR was used to a quantitative and qualitative of Rotavirus in 
concentrated in drainage water and fresh vegetables. rt-RT-PCR can detect a small fragment of RV 
genome RNA in all samples under study. rt-RT-PCR provides an extremely sensitive and rapid 
procedure that contribute to improve laboratory diagnosis of RV (Berned et al., 2009). The positive 
samples which identified by rt-RT-PCR importantly. Showed no false negative result since none of 
the samples was positive by ELISA and negative rt-RT-PCR (Helmy and Ahmed, 2014). The rt-RT-
PCR requires less time and labor, reduce the risk of cross contaminated and so has been described as a 
high sensitive quantitative detected method for viral nucleic acids (Li et al., 2010). Rapid 
chromatography immune assay card (RCIC), ELISA and electron microscope were used as a 
diagnostic methods of RV since the recovery of the virus in cell line culture Vero and Caco-2 cell 
were as enhancement of the virus particle in the cell line culture. In this study, ELISA test give 
positive result in vegetable crops, while RCIC gave negative result in vegetables were as detected 
when high numbers of virus particles (Vasickova et al., 2005).  
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Viral multiplication in cell culture was assessed by examine inoculated cell for CPE produce in 
this study were in agreement with previous report of (Elgharib, 2015; Suresh et al., 2013). Electron 
microscope has traditionally been used as a gold standard in evaluation of RV detection assay, 
classical EM is highly specific and rapid but is not suitable for testing large number of specimen. It 
required an electron microscope and a skillful operator, which may make the methods unsuitable for 
small laboratories. The EM is of low sensitive as the specimens should contain approximately 106 
viral particles/mL to be detected (Madely and Cosgrove 1975; Mijatovic-Rustempasic et al., 2013).  

Various Immunoassay such as rapid chromatography immunocard and ELISA are commonly 
used as an alternative to EM for diagnostic of RV infected. ELISA technique has been adapted by the 
World Health Organization (WHO) as the standard method for the detection of RV antigen in 
samples. The ELISA have the advantage of given numerical result which can be objectively 
interpreted but they require multiple steps in processing and usually are not cost effective for testing 
small number of specimens (Beards et al., 1984; Thomas et al., 1988).  Virus isolation is considered 
the gold standard methods for RV diagnosis. However, it require fully equipped laboratories with 
skilled professionals and has along turnaround time additionally, RV tends to be labile and loss of 
infectivity can occur during transport. 

Many studies have reported that nucleic acid amplification technique are more sensitive than 
viral culture for detecting RV in samples (Mijatovic-Rustempasic et al., 2013). This may be explained 
at least in part by non-viability of viral particles in the specimens that can be detect by rt-RT-PCR was 
used for RV detection. Samples positive by these methods were considered true positive to evaluate 
rapid that have been developed as a rabid test for direct qualitative detection of RV antigen in 
concentrated drains water and vegetable crops in comparison to ELISA test and RCIC. The results 
showed of the concentrated drains water and vegetables were positive for RV-RNA by rt-RT-PCR 
while were positive for RV antigen by ELISA test and RCIC with sensitive and specificity, after RV 
propagated in cell line culture, our result was in accordance with result obtained by other studies.  

Several studies were conducted in Egypt and their results showed higher or lower frequencies 
of RV detection (Hasan, 2015) detected RV infection using rt-RT-PCR in samples collected from 
drains water and vegetables. Infection with gastro enteric viruses is routinely diagnosed by 
examination of stool samples by electron microscopy. Particularly with human rotaviruses, when high 
numbers of virus particles are present in faeces during the acute gastroenteritis methods based on 
electron microscopy, but also passive particle agglutination tests, or enzyme linked immune sorbent 
assays (ELISA) are readily employed for clinical diagnosis. However, the sensitivity of these 
procedures is not high enough to detect the low number of viral particles sometimes present in the 
environment. In the case of environmental samples, amplification of viral nucleic acids by PCR 
assays coupled to RT-PCR has been water and shellfish (Vasickova et al., 2005). 
 
Conclusion  

Based on the current results it could be concluded that rt-RT-PCR and RT-PCR could be used 
as sensitive tools for confirmation of Rotavirus isolation from water and vegetable concentrates. 
ELISA and rapid chromatography immunoassay card test is somewhat poorly sensitive compared 
with rt-RT-PCR for detection of Rotavirus. Cell line culture useful for recovery, propagation, and 
titration and study the cytopathic effect of Rotaviruses.  
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