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Recent advances in the laboratory 
diagnosis of enteric virus infections 

T.H. FLEWETT 

Abstract 

Several viruses causing infections of the gastrointestinal tract, un
known until recent years, can be detected rapidly by direct electron 
microscopy of faeces from patients (and from some animals also). A 
rapid tissue culture technique is available; its most important applica
tion is for rotaviruses. Immune electron microscopy has been of great 
service in detecting some of these viruses and in elucidating their 
serological identities. 

Introduction 

Nowadays there is a great emphasis on rapid diagnosis. Clinicians, and 
especially the younger consultants, press to know what is afflicting 
their patients, at least before the patients get better and go home, or 
die. Although this attitude is laudable, instant diagnosis is not always 
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possible-especially in virus diseases. I do not go as far as a dis
tinguished neuropathologist, who held that impatience on the part of 
clinicians for laboratory results was a sign of emotional immaturity. 
Nevertheless, one must take note of anxiety to know the whole truth, 
and try to assuage it. 

Laboratory diagnosis 

Virus infections can be diagnosed in three ways: 
1. By detecting virus particles 

(i) by direct electron microscopy in faeces, or throat secretions, or 
tissue from biopsies. 
(ii) by demonstrating virus-specific proteins, which can be done by 
immunofluorescence or by other means. 

2. By isolating and identifying viruses in tissue cultures or experimen
tal animals, from swabs or tissues or secretions. 

3. By demonstrating the appearance, during the course of disease, of 
antibodies to a particular virus. 

The last method, though valuable for epidemiological survey work, 
does not yield a quick answer and is, in any case, unpopular both with 
children and those who have to extract blood from them. 

Detection of rota viruses 

Identification by microscopy 

From the point of view of viruses that parasitize cells of the gut mucosa 
it is fortunate that, owing to the villous expansion of the lining 
epithelium into the lumen, an enormous area of susceptible cells is 
available for the replication of viruses hardy enough to survive passage 
through the stomach acid. These viruses, therefore, can mUltiply 
greatly and so are shed into the lumen and hence into the faeces in 
enormous numbers from the infected small bowel. They may then be 
detected by direct electron microscopy, or by a complement fixation 
test, or by immune-electro-osmophoresis. For electron microscopy 
viruses must be morphologically recognizable, or 'labelled' in some 
way; and they must be numerous. For one virus particle to be present 
on a 70-J-Lm grid square, dried down from a layer of liquid 0.1 mm 
thick, on statistical grounds 106 particles/ ml of liquid are required, 
even if none is lost in the course of preparation. At a magnification of 
20 OOO-fold, finding one virus particle on a 70-J-Lm square is like looking 
for a 20-mm diameter disc on a tennis court. Given a systematic search, 
one can find it, but it takes time and diligence. If the virus is large and 
unmistakably recognizable, the diagnosis is easily made. But small 
and nondescript viruses can only be identified iflabelled in some way, 
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usually by being clumped by specific antiserum. 
The method for electron microscopy is simple. One makes a suspen
sion of faeces in saline or distilled water, about 20% by volume. 
Centrifugation at 7000 rev I min for 15 min in an angle-head rotor 
separates most of the undigested fat as well as the bacteria. The virus
containing liquid between the floating fat and the bacterial pellet is 
taken and centrifuged- 50 000 rev I min for I hour to bring down even 
the smallest viruses. This virus pellet is taken up into a few drops of 
distilled water and mounted for electron microscopy using negative 
staining by methods already published (I, 2) . 

The interpretation is not usually difficult, if rotaviruses are present in 
appreciable numbers. Their structure is quite characteristic (Figure I), 

Fi!!ure I. Rotaviruses in faeces. Usually the preparation is 'cleaner' than this, but they 
are clearly recognizable even though they are surrounded by debris and probably some 
enteric antibody. Phosphotungstate: X 296000. 

and even a single virus particle can be identified upon inspection, and 
its identity can be confirmed by studying a micrograph; even a single 
damaged particle can often be detected and identified. 
Virus particles are usually plentiful, in which case it is not even 
necessary to centrifuge the specimen. If a suspension of faeces is merely 
touched to the grid, after partial drying, washing, and negative staining 
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as described above, virus particles can be seen and identified in most 
specimens. Almeida (personal communication) claims 4Y2 minutes as 
the minimum time to establish a positive diagnosis. We have not timed 
our own procedure but agree that it is very rapid for positive diagnosis, 
although naturally negative specimens take longer. 

Serological identification 

Every practical medical microbiologist is familiar with the Widal 
reaction. A drop of serum from a patient convalescent from a rota virus 
infection is added to a uniform, well dispersed suspension of rotavirus 
particles and incubated for 1-2 hours at 37° C or overnight at 4° C. The 
virus-antibody complexes can be centrifuged at about 15 000 rev/ min 
for 15 min and the pellet, when mounted using negative staining, 
reveals aggregates of the virus. At high magnification a fuzz of 
antibody molecules can be seen attached to the virus particles, joining 
them together (Figure 2). Unfortunately, it is very difficult to establish 

Figure 2. Rotaviruses reacted with early convalescent serum. They are surrounded by 
a fuzz of antibody molecules. The thicker strands are probably IgM. Phosphotungs
tate: X 296000. 
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a titration end-point by this method. However, identification of 
doubtful virus particles is possible. Immune electron microscopy did, 
however, help to establish that the human and calf rotaviruses were 
closely serologically related, but not identical; and to show that this 
group of viruses possess a serologically similar antigen in common in 
the inner capsid layer ( 3 1• Schoub et al. ( 4 ) have recently demonstrated a 
similar one-way cross-reaction between the human and monkey rota
viruses. 
Cultivation of the human rotavirus in tissue culture is still very 
difficult, and it cannot yet be sustained indefinitely in serial subculture 
(see below). But the calf rota virus has been established in serial 
subculture in calf kidney monolayer tissue cultures, and infected cells 
can be used to detect antibodies in sera from patients (Figure 3). 

Fij!ure 3. LLC MK , cells infected with rotavirus 18 hr previously. Virus protein 
occurs in granules of various sizes throughout the cytoplasm. Immunofluorescence: 
X 500. 

Because of the strong common antigen possessed by this group of 
viruses, cells infected by anyone of them can be used to detect 
antibodies to any of the others, using an immunofluorescent reaction 
of the ordinary 'sandwich' kind. Antibodies appear early in the course 
of infection, at first being mainly in the IgM class. These can be 
detected as early as three days after the onset of the disease and 
titration end-points can be determined fairly well. This technique can 
be used to detect antibodies appearing in the course of infection, but is 
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mainly useful for detecting those who have, or have not, had a 
rotavirus infection at some time. Antibodies detectable by immuno
fluorescence persist for many years, perhaps for life. 

Diagnosis by isolation in tissue culture 

The methods described above are expensive and time-consuming. A 
rapid isolation method using tissue cultures is now available. The 
human rota viruses in faeces occasionally will infect a tissue-culture 
cell, but often culture by orthodox methods fails completely. Banatva
la et al. (5) showed that rota virus infectivity for tissue cultures could be 
greatly increased by centrifuging the virus inoculum on a monolayer of 
pig kidney cells, many of which then became infected. Bryden et al. (6) 

found that LLC MK2 cells (a line of rhesus-monkey cells) were 
particularly sensitive; and that the test could be performed using 
Microtiter plastic plates each containing 96 wells, with a monolayer of 
LLC MK2 cells on the bottom of each well. AfterO.1 mlofinoculumis 
added to each well, the plates are centrifuged at 1000 g for I hour and 
incubated for 18-24 hr; the cell sheets are fixed in chilled methanol and 
infected cells 'stained' by an immunofluorescent method. The method 
is almost as sensitive as electron microscopy and can be used to titrate 
the infectivity of a specimen with reasonable precision, because three 
or four replicate tit rations of any specimen can be easily and speedily 
set up. Individual infected cells can be counted by light microscopy. 
Results can be given the day after the specimen is received. An 
industrious electron microscopist does well if he examines 20-40 
specimens a day, bearing in mind that it is the negative specimens 
which are so time-consuming; isolation in tissue culture can diagnose 
rotavirus infection in several hundred specimens in the same time. This 
method can be extended to titrate antibodies. All the known rotavi
ruses infect LLC MK2 cells when centrifuged in this way, and cells 
infected by any of them can be detected using any convenient conva
lescent serum as the first layer in the immunofluorescent 'sandwich'. In 
this way Thouless et al. (7) have been able to 'type-to-species' many 
different rotaviruses. 

Other methods of detecting rota viruses 

Virus infections can also be diagnosed by finding specific virus antigen 
by complement fixation, immunoelectrophoresis, or immuno
fluorescence, or by finding specific haemagglutinins. Some of these 
methods have been used already for rotaviruses in faeces. Much 
complement-fixing virus antigen is excreted in faeces of children 
infected with rotaviruses. Faeces, however, often contain much non
specific anticomplementary activity. Fortunately this can largely be 
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removed by extraction of faeces by 'Arcton' or 'Arklone' (I.e. I. Ltd). 
An equal volume of a 20% suspension of faeces and one of these 
compounds is shaken for one hour. Most or all of the anti
complementary activity is removed in the fluorocarbon fraction after 

Figure 4. Corona"iruses from faeces. Uranium formate: X 296000. 

centrifuging the mixture. The remaining suspension (if the infection 
was a heavy one) will fix complement with a suitable antiserum, thus 
allowing virus antigen to be detected in the faeces. The test can be made 
more sensitive by concentrating the virus in the faeces by ultra
centrifugation. This method is, however, not as sensitive as electron 
microscopy or culture, and has still the disadvantage that one cannot 
always free faecal suspensions from anticomplementary activity. 
Another disadvantage is that guinea-pig complement may contain 
rota virus group antibody so that careful controls are necessary. 
Antigen may also be detected by immunoelectrophoresis . A recent 
report from Canada (8) shows that this method is almost as good as 
electron microscopy for making a positive diagnosis, provided that 
high-titre antibody is used. The method is the same as the immuno-
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electro-osmophoresis used for detection of hepatitis B surface antigen 
in serum, and shares its advantage in giving a positive result in one 
hour. 
It might be predicted that antigen could be detected by spreading 
faeces on a slide, fixing with acetone, reacting the smear with a 
rotavirus antiserum, and detecting virus by 'staining' virus antigen by 
fluorescent antibody. However, this only works on the virus in faeces 
of gnotobiotic animals. Our experience is that faeces from infected 
children stain non-specifically, so that the method is untrustworthy for 
all practical clinical purposes. 
Another method of detecting virus antigen, widely employed for 
detecting hepatitis B antigen, is to coat erythrocytes with the appro
priate antibody. These, when mixed with a suspension of the antigen, 
are agglutinated. A difficulty is that some faecal bacteria and their 
flagella and fimbriae also possess haemagglutinins, and so may give 
non-specific positive answers. Nevertheless, it should be possible to 
absorb out these cross-reacting agglutinins. Thus it seems possible that 
haemagglutination of antibody-coated erythrocytes might afford a 
rapid and sensitive method for detecting rotavirus antigen in faeces. 

Other diarrhoea viruses found in faeces 

Adenoviruses 

In all temperate countries rotavirus diarrhoea is especially prevalent in 
the winter months. Evidence regarding seasonal prevalence in the 
tropics has not been established. In the summer months it is adenovi
ruses rather than rotaviruses that are sometimes found as the only, or 
principal, virus in the faeces. Adenoviruses can often be found in 
faeces, though usually with difficulty, by direct electron microscopy in 
stools from which they have been isolated in tissue culture. In some 
cases of acute enteritis, both in children and occasionally in adults, 
adenoviruses may be found in enormous numbers by direct electron 
microscopy of the faeces (Figure 5). Despite their great numbers, these 
adenoviruses have usually not been isolated in monolayer tissue 
culture. This experience has been common to virologists in England, 
South Africa and America. Bacteriophage resembling adenoviruses in 
morphology are not known, and it is presumed that the observed 
adenoviruses multiply in the human hosts' cells. If mUltiplying in such 
large numbers, they must be assumed to be pathogenic. Homola has 
reported one fatal case in a child in Australia (personal communica
tion) in which virus particles were found by electron microscopy of the 
small bowel at autopsy. Whitelaw et al. (9) have reported a similar 
finding in London. 
Adenovirus enteritis is known in inbred Arab foals suffering from 
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combined immunological deficiency. Takeuchi and Hashimoto (10) 

described adenovirus enteritis of young mice, finding abundant virus 
particles in the intestinal epithelial nuclei. So for adenovirus enteritis, 
as for the rotaviruses, analogous infections are found in animals. 
Although Koch's postulates have by no means been fulfilled, there is 

Fi~ure 5. Adenoyiruses in faeces. These are occasionally accompanied by enormous 
numbers of parvovirus-like particles. This preparation was not concentrated by 
centrifugation. Phosphotungstate: X 296000. 

thus good circumstantial evidence that adenoviruses are responsible 
for some cases of acute gastroenteritis in children and perhaps also in 
adults. Although adenoviruses have occasionally been isolated from 
cases of acute diarrhoea where adenovirus particles were present in 
great numbers, the isolations have usually been of types I or 2. These 
serotypes are often isolated from faeces of young children irrespective 
of disease, and may not have been the virus particles present in great 
abundance, but merely interlopers. 

Corona viruses 

The first human respiratory pathogenic members of this group were 
discovered only eight years ago. The virus of transmissible gastroen
teritis of piglets was found in 1970 to be a coronavirus. Bovine and 
canine corona viruses infecting the intestinal tract are now known; and 
in 1975 Dr. Clarke's group in Bristol ()I) discovered coronaviruses in 
faeces from young adults or teenagers in outbreaks characterized by 
sore throat, fever, vomiting and diarrhoea. They have succeeded in 
isolating these viruses in organ cultures of human embryo ileum, and 
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subcultured them to human embryo kidney monolayer cultures. 
Corona viruses sometimes occur in enormous numbers in human 
faeces (Figure 4). So far no method other than direct electron micro
scopy is available for diagnosis of human infections, though immuno
fluorescence techniques applied to frozen sections of bowel wall have 
been used for diagnosis of corona virus enteritis in farm animals. 

Fi~ure 6. Astroviruses: X 300 000. 

The Norwalk agent 

Immune electron microscopy was used by workers in Bethesda, 
Maryland, to detect small (about 30 nm diameter) viruses in the faeces 
of volunteers who had swallowed filtrates of faeces from patients with 
winter vomiting disease in an outbreak in Norwalk, Conn. This virus 
has not so far been routinely detected in faeces in diagnostic virology 
laboratories. 

Astroviruses 

These are small viruses, about 28 nm in diameter, spherical or iso
metric in shape, sometimes found in faeces in large numbers (Fi-
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gure 6). When negatively stained these viruses show upon their surface 
a 5- or 6-pointed star structure. They also show up, at low 
magnification, in rather more contrast than most small viruses, giving 
an appearance on the fluorescent screen of the electron microscope, of 
the sky at night, each virus particle a star. Hence the name 'astrovirus' 
proposed for these viruses by Madeley and Cosgrove. (12) Their struc
ture is easily distinguishable from that of ordinary enteroviruses. They 
have been found in the faeces of young children with diarrhoea, but 
also frequently in faeces of healthy children. It seems likely that they 
are indeed pathogens. Infected convalescent children produce antibo
dies which agglutinate them. Bovine astroviruses are now known 
(Woode and Bridger (1976) personal communication). 

Caliciviruses 

These again have a characteristic structure, with small depressions
'calices'-upon their surfaces. Like astroviruses, they have frequently 
been found in healthy children, and their importance as pathogens has 
not been firmly established. A strain causing diarrhoea in kittens is 
known, so that there is a good animal model. Caliciviruses from cats, 
pigs and sea-lions have been established in tissue culture, but human 
strains have not yet been isolated. 
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Discussion 

Prof. Mimms: We are getting used to very sophisticated explanations 
of the pathophysiology of diarrhoea. Could you comment on that 
matter for the rotaviruses. Do you think that loss of the disacchari
dase-containing cells is a factor? 
Dr. Flewett: Yes, I am sure it is. Fatal infections are comparatively 
rare in the human and if the human child comes to an autopsy it is 
usually a day or two later and the post-mortem histology is not worth 
much. Evidence from infected piglets and calves indicates that it is the 
cells that make the disaccharidases which these viruses attack. There is 
about 70 g per litre of lactose in human milk. Cow milk is 'humanized' 
by adding sugar. This amount of lactose alone is just about isotonic. 
Disaccharides are not absorbed but monosaccharides are. If a large 
amount of disaccharide is ingested when the virus has destroyed the 
disaccharidase-producing cells, the disaccharides are not hydrolysed. 
So there is an extra osmotic load going down the small bowel 
preventing absorption of water from it. Under normal circumstances 
when disaccharides are hydrolysed the glucose moiety acts as a sort of 
pump which also transports water. But worse is to come: all this lactose 
then goes down unsplit into the large bowel where there are plenty of 
lactose splitting organisms; but these do not just split lactose into 
glucose and galactose. One molecule of lactose will be split into about 
six molecules of short-chain acids and this exerts an enormous osmotic 
effect. You might as well give the child a dose of Epsom salts! The 
corollary to this is that, if you treat these virus infections simply by 
cutting off the disaccharide intake, you get an almost miraculous 
improvement. The patient stops having diarrhoea: this has been 
observed in medical and veterinary practice. 
I was taught when I was a student that you should treat a child with 
acute gastroenteritis by stopping its milk supply and give it albumin 
water instead. Nowadays, they have a much fancier solution of electro
lytes which they use. But the same effect applies. 
Dr. Damjanovic: Do you find classic enteroviruses by your technique? 
Dr. Flewett: You can if there are a lot of them there. Last year we were 
absolutely flooded with Echo 19 infection but only in one third of these 
could we find virus particles by direct electron microscopy in the 
faeces. If we mixed the faecal supernates with an Echo 19 antiserum we 
could get nice aggregates. Even in poliomyelitis it is unusual to get as 
many as 106 infective particles per g of faeces. 
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