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ABSTRACT 

CELL CULTURE TECHNIQUES FOR THE IDENTIFICATION OF 

ENTERIC VIRUSES - PRESENT POSSIBILITIES 

J.C. Bridger 

A.R.C. Institute for Research on Animal Diseases, 

Compton, Nr. Newbury, Berkshire, U.K. 

The current techniques available for the detection of transmissible 
gastroenteritis virus, bovine and porcine rotaviruses, bovine enteric 
coronavirus, bovine astrovirus and bovine parvovirus are reviewed. 
Although, initially, the enteric pathogens were difficult to establish in 
culture regularly, cell culture methods are currently available for 
identification of several of them. Some of the viruses can be detected 
by serial passage with cytopathology but many techniques rely on the 
production of antigens which are identified by immunofluorescent staining. 
The techniques which have been used to detect serological differences 
between the viruses and to detect viral antibody are reviewed and some of 
the advantages and disadvantages of cell culture systems are discussed. 

Cell culture techniques have played an insignificant role in the 

discovery of viral enteric pathogens. These agents do not appear to 

replicate with cytopathology in commonly-used culture systems and without 

doubt, this is one of the reasons why they were not identified earlier. 

But, with increased understanding of the conditions necessary to infect 

and demonstrate them in culture, cell culture techniques have become 

available for the identification of some of these fastidious agents. 

Although some of the viruses, the wild-type rotaviruses and 

astroviruses in particular, do not readily establish a fully productive 

cycle in cell cultures, they produce virus-specific antigens demonstrable 

by immunofluorescence. This property has proved useful for their 

detection, even though serial passage could not be accomplished readily. 

IDENTIFICATION OF ENTERIC VIRUSES 

Transmissible gastroenteritis virus (TGEV) 

This, the longest known viral enteric pathogen of calves or pigs, 

has a history of being difficult to cultivate in cell cultures. At 

first, the virus was propagated in pig kidney cell cultures without the 

production of a cytopathic effect (CPE) but during the period from 1963 
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to 1965 several workers were able to produce cytopathic effects in these 

cells with other strains, although production of a distinct CPE could 

require several passages (Reviewed by Bohl, 1975). Subsequently, 

inoculation of cell cultures from porcine thyroid or salivary glands 

produced more extensive cytopathic effects at the first passage and gave 

good results for isolation of TGEV. It has been suggested that, 
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although they replicate in cell cultures, some strains do not readily 

produce a CPE even after several serial passages and Bohl (1979) described 

a cell culture-immunofluorescence test in swine testicular cells to 

detect such viruses. This test is similar to that used for rota vi ruses 

and results can be obtained within 24 hours of inoculation. 

technique has also been described to detect and titrate TGEV. 

A plaque 

Bohl (1975) commented that the choice of specimen for cell culture 

inoculation is important and that it should be derived from the jejunum 

of a young piglet, sick for less than 24 hours, as this can be expected 

to contain the highest concentration of virus. Some virus strains may 

not be readily isolated in cell cultures (M.B. Pensaert, personal 

communication to Woode, 1979) and thus where suitable material is 

available, immunofluorescent staining on gut sections may prove a more 

reliable technique. 

Rotaviruses 

In common with TGEV, the rotaviruses have a history of being 

difficult to cultivate by serial passage in cell cultures with 

cytopathology. However, Mebus et al. (1971) found that, although serial 

passage could not be accomplished readily, viral antigens could be 

detected by immunofluorescence in the cytoplasm of infected cells. 

Single fluorescing cells were seen but on serial passage these cells were 

usually lost. This cell culture-immunofluorescent test was used by 

Woode et al. (1974) and Meyling (1974) to detect the presence of bovine 

rotaviruses in experimental and field material. It provides a rapid 

result as the test can be read after incubation for 24 hours and results 

compared favourably to those obtained by electron microscopy (Bridger & 

Woode, 1975). 

A similar cell culture-immunofluorescence test has been used for 

detection of porcine rotaviruses in both experimental and field material 

(McNulty et al., 1976; Woode et al., 1976; Bohl et al., 1978; Bohl, 

1979) • However, although the author has used this test to measure the 



14 

levels of six porcine rotaviruses in the faeces of experimental animals, 

several investigators have reported that the number of infected cells 

seen in cell cultures inoculated with field material is low even when 

virus can be demonstrated by electron microscopy. Bohl (1979) has said 

that his preferred method to detect porcine rotavirus is immunofluorescent 

staining of mucosal scrapings. 

Certain modifications to the cell culture-immunofluorescence test 

can improve rotavirus isolation. Banatvala et al. (1975) first 

described the use of centrifugation of infected monolayers to detect 

human rotavirus and subsequently Chasey and Lucas (1977) showed that this 

improved the number of cells infected with porcine rotavirus. With one 

isolate of porcine rotavirus the author has shown that centrifugation of 

infected monolayers at 300 g increases the level of infectious virus 

0.5-1.0 loglO units. Two further modifications, one used by Ellens 

et al. (1978) and the other by Babiuk et al. (1977) have improved 

detection of bovine rotavirus. Compared to stationary cultures, Ellens 

et al. scored more samples positive when cultures were rolled and the 

number of cells showing fluorescence was greatly enhanced. Babiuk 

et al. improved their ability to detect bovine rotaviruses by pretreating 

faecal samples with trypsin. Thus, for maximum sensitivity, it would 

appear that these modifications should be incorporated. 

Only a small number of bovine rotaviruses had been passaged serially 

in cell cultures until it was found that treatment with pancreatic 

enzymes enhanced their cultivation. Serial passage of bovine 

rotaviruses, sometimes with cytopathology, was shown to be more readily 

accomplished when trypsin was added to the maintenance medium (Babiuk 

et al., 1977; Almeida et al., 1978; Babiuk and Mohammed, 1978) and 

Theil et al. (1977) reported similar findings for two porcine rotaviruses 

using pancreatin. In these conditions rotaviruses can produce plaques 

and a plaque technique for the isolation of bovine and porcine 

rotaviruses from field material has been described (Bohl, 1979). Since 

use has been made of enzymes in rotavirus cultivation, the number of 

rotaviruses which can be serially passaged in cell cultures has increased 

many times but it is not known whether all bovine and porcine rotaviruses 

can be propagated by this technique and the sensitivity of rotavirus 

detection by serial passage with trypsin remains to be evaluated. 

Although much reliance has been placed on immunofluorescence to 

detect rotaviruses in cell culture, it appears that some bovine 
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rotaviruses can be passaged serially with cytopathology without the 

addition of pancreatic enzymes. Isolations with obvious CPE in Northern 

Ireland (McNulty et al., 1977), Japan (Sato et al., 1978), and South 

Africa (Theodoridis et al., 1979) have been made and in some instances 

the cytopathic effect has been used to titrate the virus. Frey et al. 

(1979) claim to have isolated several cytopathogenic rotaviruses from 

faecal samples tested by serial passage in MDBK cells but electron 

microscopy detected more positive samples and no comparison was made with 

immunofluorescent staining of infected cultures. 

Rotaviruses are not fastidious about the type of cell which they will 

infect; both primary cells and cell lines can be infected. For example, 

with the Cody isolate of bovine rotavirus, Fernelius et al. (1972) 

infected primary calf and lamb kidney, bovine embryonic trachea, bovine 

embryonic skin, Vero, mouse-L and PK-15 cell lines. Various monkey 

kidney cell lines have been popular: Thouless et al. (1977) infected 

LLC-MK2 cells with rotaviruses from seven animal species, Bohl (1979) 

used MA-104 cells in a plaque technique and Babiuk et al. (1977) used 

BSC-l cells for bovine rotavirus isolation in the presence of trypsin. 

MDBK (McNulty et al., 1977) and HeLa cells (Mebus et al., 1971) have also 

been infected with bovine rotaviruses. 

Bovine enteric coronavirus 

In contrast to the rotaviruses, a rapid cell culture

immunofluorescence test has not been used for demonstration of bovine 

coronavirus. Stott et al. (1976) first showed that an American 

cell-culture adapted strain would replicate in bovine tracheal organ 

cultures to produce haemagglutinating activity and immunofluorescent 

antigens. Subsequently, Bridger et al. (1978) applied this technique 

successfully to 'wild-type' coronaviruses present in faeces of experi

mental and field cases of the disease and the technique has been used 

successfully in other laboratories (Haralambiev et al., 1979; McNulty, 

personal communication). The results obtained agreed well with those 

obtained by electron microscopy and immunofluorescent staining of gut 

sections. The technique has also been used to isolate coronaviruses, 

identified by electron microscopy, from the bovine respiratory tract 

(Thomas et al., to be published). 

Until recently, isolations in cell cultures were infrequent (Mebus 

et al., 1973; Bridger et al., 1978; Laporte et al., 1979) but two 
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recent reports offer hope of a cell culture diagnostic method. A cell 

line established from a human rectal adenocarcinoma (HRT-18 cells) has 

been used for isolation of several bovine coronaviruses and produced 

virus for up to at least 12 passages with titres in excess of 107 TCDSO 

per ml (Laporte, 1980). Secondly, Dea et al. (1980) isolated the virus 

from intestinal contents in Vero cells with CPE. They reported that 

the pH of the inoculation and incubation medium influenced virus produc

tion, a factor shown to be important for isolation of other coronaviruses. 

Bovine parvovirus 

This virus has been associated with bovine enteritis by only one 

group of workers (Storz and Bates, 1973). Actively dividing cells are 

required for its isolation and three methods have been described 

(reviewed by Storz and Leary, 1979). Cells may be cultured directly 

from infected organs or serial passages can be made in actively growing 

bovine foetal spleen cells. Alternatively, inoculated spleen cells may 

be passaged serially. Parvovirus replication is demonstrated by the 

production of haemagglutinating activity, cytopathic effects and nuclear 

immunofluorescence and results obtained by cell culture isolation 

correlated well with those from immunofluorescent staining of infected 

tissues. 

Bovine astroviruses 

Although two isolates of bovine astrovirus failed to induce 

diarrhoea in experimental calves (Woode and Bridger, 1978; Bridger and 

Ormerod, unpublished observation), these viruses are of importance as 

they may lead to an incorrect result from cell culture. Antibody to 

bovine astroviruses is common in bovine sera in the U.K. (Woode and 

Bridger, 1978) and at this Institute over 90% of faeces collected from 
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calves up to S weeks of age contain astroviruses at up to 10 TCDSO per g 

of faeces (E. Ormerod, personal communication). Thus antisera produced 

by inoculation of calves with faecal filtrates may contain antibody to 

astroviruses in addition to antibody against an enteric pathogen. 

Furthermore, when inoculated into bovine kidney cells and stained by 

immunofluorescence, bovine astroviruses produce a similar pattern to the 

rotaviruses; a point of difference is that fluorescent inclusions may 

be seen in the nucleus. Hence for correct identification by 

immunofluorescence, freedom of antisera from astrovirus antibody must 

be ensured. This may be achieved by producing antisera to viruses 



grown in cell cultures, as bovine astroviruses have not been propagated 

by serial passage in culture, but ideally the validity of the results 

should be assessed by confirmation with a serologically-independent test 

such as electron microscopy. 

Other viruses 

Some viruses for which there is evidence of a pathogenic role in 

neonatal diarrhoea still remain to be cultured in either cell or organ 

cultures. These include the bovine calicivirus-like (Newbury) agents 

(Woode and Bridger, 1978; Bridger and Hall, 1979), a bovine virus 

causing villus epithelial cell syncytia (Mebus et al., 1978) and a 

porcine coronavirus, CV777 (Pensaert and Debouck, 1978). 

Identification of virus serotypes 

When isolation can be made regularly in cell cultures, differences 

or similarities between virus isolates can be investigated. Thus 
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tests relying on the neutralization of cytopathic effects in cell cultures 

have shown that all isolates of TGEV are similar serologically (reviewed 

by Woode, 1969) and, apart from one Japanese strain, all isolates of 

bovine parvovirus appear identical to bovine parvovirus type 1 (Storz 

and Leary, 1979). 

With viruses which cannot be serially propagated in vitro, 

serological differences may still be established by cell culture 

techniques. For example, Thouless et al. (1977) differentiated 

rotaviruses from several animal species using a fluorescent focus 

reduction test. This test relies on the ability of rotaviruses to infect 

cells without releasing infectious virus and, in the author's laboratory, 

has differentiated between rotaviruses from the bovine population. With 

rotaviruses adapted to serial passage and plaque production, Estes and 

Graham (1980) used a plaque reduction test to distinguish between 

simian, porcine and bovine rotaviruses. 

There have been no reports concerning the serological homogeneity 

or otherwise of the bovine enteric coronaviruses but, presumably, this 

could be investigated with viruses isolated in tracheal organ cultures, 

HRT-18 or Vero cells. 

DETECTION OF ANTIBODY TO ENTERIC VIRUSES 

Where cell culture systems exist, specific antibody may be 

demonstrated by neutralization of virus effects or by staining 

infected cultures by an indirect immunofluorescent antibody test. 



18 

Neutralization tests, relying on inhibition of cytopathic effects or 

plaque reduction, are useful for the detection of TGEV antibodies 

(reviewed by Bohl, 1975). 

Immunofluorescent staining of cell cultures by the indirect 

technique is made possible when cell-culture adapted strains become 

available and the existence of only a few adapted strains has been 

useful. The indirect immunofluorescence technique can also be applied to 

viruses which show limited multiplication in cell cultures, for example 

the rotaviruses and astroviruses. The usefulness of serological 

detection of the endemic enteric viruses - the rotaviruses and corona

viruses - is limited, however, because of the high levels of passively

acquired antibody in farm animals. 

GENERAL REMARKS AND CONCLUSIONS 

In a sphere where viruses are commonly identified by electron 

microscopy, multiplication of an agent in cell cultures confirms that the 

agent is one capable of replication in mammalian cells. This is 

particularly useful for enveloped viruses, such as coronaviruses, which 

may be confused with cellular debris in the electron microscope but also 

rules out the possibility that the particles observed might be 

bacteriophages. 

Multiplication of a virus in cell cultures enables stocks of viruses 

to be prepared so that viruses isolated at different times and locations 

can be compared. It also offers a means of purifying viruses by plaque 

or terminal dilution methods and a means of quantifying viruses. 

As only infectious virus will be measured, viral sub-units or virus 

which has lost infectivity will not, in contrast to other tests such as 

complement fixation or ELISA tests. Cell culture techniques are at a 

disadvantage if all strains of a virus are not cultured readily, as has 

been suggested for TGEV, and these viruses will be missed unless 

alternative techniques are used. Although cell culture-adapted viruses 

have been useful, when only a minority of viruses can be cultured, there 

is a danger that those isolated might not be typical. 

As a group, the enteric viruses have not been cultured readily but 

we may conclude that by providing correct conditions, methods for 

detection and isolation of several of them have become available. 

of the techniques rely on immunofluorescent staining and the mono-

specificity of the working antisera is then essential. This can 

Many 
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be checked by a technique such as electron microscopy which does not rely 

on serology. 
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