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Evaluation of a new enzyme-linked immunosorbent
assay test for rotavirus antigen in faeces
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SUMMARY A new commercial test for the diagnosis of rotavirus gastroenteritis was assessed. WA'ith
some modifications it compared favourably with electron microscopy and immunofluorescence.

Most laboratories are restricted to electron micros-
copy for the rapid diagnosis of rotavirus gastro-
enteritis. Other tests are available, but are dependent
on the availability of specific antisera which are not
easily obtained. These include counter-immune
electrophoresis' and complement fixation,2 both of
which are relatively insensitive; immunofluorescence
in cell culture (IF),3 which is comparable with
electron microscopy; and the "third generation"
tests: radioimmunoassay (RIA),4 and enzyme-
linked immunosorbent assay (ELISA).5 6
There is an urgent need for an inexpensive, simple,

and rapid diagnostic test of high sensitivity for
rotavirus gastroenteritis, particularly in Third World
countries where infantile gastroenteritis is incrimi-
nated in millions of deaths each year.7
A problem with third generation tests such as

ELISA is the antigenic and morphological variation

Accepted for publication 23 March 1981

associated with the rotavirus particle (GMB, to be
published). In electron miscroscopic preparations of
rotaviruses two distinct morphological forms are
seen; complete or "smooth" particles, 65 nm in
diameter, and incomplete or "rough" particles, 50-54
nm in diameter (Fig. 1).8 Incomplete particles are
formed from complete ones by the loss of the outer
capsid layer, or as a result ofincomplete virus synthesis,
and this conversion may be easily effected in vitro by
treatment with a chelating agent-for example,
ethylenediaminotetraacetate (EDTA).9 This treat-
ment also results in loss of infectivity10 (ASB,
unpublished).

Group-specific antigens are found on the surface
of incomplete particles,1' whereas type-specific
antigens are situated on the surface of complete
particles.'2 These type-specific antigens give rise to
serotype variations between human strains of rota-
virus which were first detected by Zissis and
Lambert,13 and Thouless and coworkers,14 by
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Fig. I Rotavirus particles in
faeces. Both smooth (s) and
rough (r) morphology is shown,

l along with some free viral
protein (VP). Ammonium
molybdate negative stain

i_.-r x 150 000.
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complement fixation and serum neutralisation
respectively. Later Yolken'5 confirmed these findings
by an ELISA technique. At least four distinct sero-

types of human rotavirus have now been described16
(and Thouless, to be published). Both complete and
incomplete particles are present in faeces in variable
proportions.8
To be of value, any rapid serological diagnostic

test should be based on the group-specific antigen
otherwise false-negative results might occur, when
complete particles of a different serotype are

predominant in the sample being tested.
Recently Abbott Laboratories have introduced a

commercial ELISA kit (Rotazyme) for the diagnosis
of rotaviral gastroenteritis. We have compared this
system with immunofluorescence and electron
microscopy and tested its sensitivity against mor-

phologically and antigenically different rotavirus
isolates. Minor modifications to the test system are

suggested which increase its sensitivity.

Material and methods

An examination was made on 171 samples of faeces
from children suffering from gastroenteritis. An
approximately 10% emulsion was prepared in
phosphate-buffered saline (PBS) pH 7-2 containing
suitable antibiotics and clarified by low speed
centrifugation. Faeces from four calves, intestinal
contents from one foal and intestines from three
litters of infant mice, all of which had been infected
with rotavirus, were similarly prepared and examined.
A number of samples were received from abroad.
A sample of cell culture adapted bovine rotavirus

and human isolates of different serotypes were also
tested.

IMMUNOFLUORESCENCE
This was carried out as described by Bryden et al.3
LLC-MK2 cells were again used but infection was

demonstrated by a hyperimmune serum raised in a

rabbit against human rotavirus and stained with
FITC conjugated antiserum to rabbit IgG raised in
sheep (Burroughs-Wellcome).

ELECTRON MICROSCOPY

This was carried out as described by Flewett et al.,8 or

faecal extracts in PBS were clarified by low speed
centrifugation and concentrated by ammonium
sulphate precipitation, absorbed on to carbon
formvar-coated grids, and negatively stained with
potassium phosphotungstate pH 7-0, as described by
Caul et al.17

ROTAZYME

This was performed as suggested by the manu-

facturers except that 10% faecal extracts as described
above, and not 1: 3 faecal extracts in PBS, were used.
Briefly, polystyrene beads coated with an antiserum
prepared in guinea pigs to simian rotavirus (SAl 1)
were exposed to 200 ,ul of faecal extract for two to
three hours at 45°C. These were washed and then
exposed to 200 ,ul of rabbit antirotavirus serum

conjugated to horseradish peroxidase for one hour at
45°C. After incubation and washing, the beads were

transferred to fresh tubes and 200 ul of substrate,
OPD (O-ethylenediamine-2 HCl) in citratephosphate
buffer added. They were held for 15 min at room

temperature in the dark. The reactions were stopped
by addition of 1 ml IN HCl and read either visually
or by measurement of absorbance at 492 nm (with a

cut off value of 0.05). The kit incorporates a sus-

pension ofSA 11 which was used as a positive control.
To investigate the reproducibility of the Rotazyme
test, seven samples were retested at least once.

Comparative titrations in the presence and absence
ofEDTA were performed on two samples by diluting
the extracts in PBS with or without 0-025 M EDTA
(giving a final concentration of 0 005 M), incubating
for one hour at 37°C and then tested by Rotazyme.

Results

The results of the 171 samples from human infants
tested by Rotazyme, electron microscopy and
immunofluorescence are given in Table 1. No
conclusions about the relative virtues of immuno-
fluorescence and electron microscopy should be
drawn from these results as specimens giving
discrepant results with these tests were deliberately
introduced into the study.
The results of comparative titrations are illus-

trated in Figs. 2 and 3. In some samples a prozone
effect was observed up to a 1/5 dilution of the test

Table 1 Results of 171 specimens from infants testedfor the presence of rotavirus, by Rotazyme, electron
microscopy and immunofluorescence

No tested Tested positive by at Rotazyme + EM/FA + EM + FA +
least one test

171 69 69 65 55 52

Four were positive by Rotazyme only, confirmed by our independent ELISA test.
Includes one EM positive which was positive by Rotazyme only after EDTA was included.
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Fig. 2 Titration of antigen in faeces by the
Rotazyme test. A prozone effect is demonstrated with this
particular sample. Optimum results were obtained when
the 10Y faecal extract was diluted 1/4 to 1/8 in PBS.
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Fig. 3 Titration of one sample in the presence and
absence of 0-025 M EDTA in PBS. Samples were
diluted in the buffer containing EDTA and incubated at
37°C before testing.

extract. Five samples from Vellore in India which
were positive by electron microscopy and immuno-
fluorescence were only positive by the ELISA test
when the prozone effect was reduced by dilution
(Table 2). The results of further dilutions of other
test samples were variable however, and many did
not show an increase in absorbance when diluted.
The incorporation of EDTA (0 025 M) was found

to be beneficial. Five specimens gave higher absorb-
ance values (mean absorbance difference + 0-12)
but three did not show any significant difference.
One specimen which was positive by EM and IF
would have been recorded as ELISA-negative if
EDTA had not been added. The differences in
titrations are shown in Fig. 3. By removing the outer
coat polypeptides from the virus particles and
exposing the group antigens, EDTA has enhanced

Table 2 Results from Vellore samples tested by
Rotazyme and EM

Samnple At 492 nm OD 1/5 EM
OD NEAT

T3 0 029 0-139
D741 0 044 0 217
D696 0-020 0-064
P020 0 043 0 143
P003 0 037 0 075
T34 0 030 0-036 -

Tested in parallel. Cut off value 0050.
Vellore samples kindly provided by Professor M Mathan.

the sensitivity of the test, suggesting that the Rota-
zyme antibody is directed mainly at internal
polypeptides.

Specimens containing rotavirus from mice, foals,
calves (including a tissue culture-adapted strain) and
human isolates of different serotypes were all
positive by Rotazyme.
The results of the reproducibility study are shown

in Table 3. The average variation in absorbance was
0 179.

Table 3 Results of re-testing by Rotazyme of seven
samples

Specimen Results (absorbance at 492 nnm)

I 00100 0-100
2 0 350 0-600 0-650 0-550
3 0400 0330 0-420
4 1*800 1 900
5 0-250 0-220
6 0-358 0-624 0 477 0-560 0 503 0-622 0 443
7 1-095 1-165 1-590

Mean variation from first testing = 0-179.

Discussion

Rotazyme is obviously based on group-specificity
since the incorporation of EDTA which exposed the
group antigen(s) seems to enhance its sensitivity. In
samples containing mostly incomplete particles the
incorporation of EDTA will make little difference to
the readings obtained but with samples containing a
high percentage of complete particles the omission of
EDTA might give rise to falsely negative or only
weakly positive results. When comparing the titres of
various extracts, EDTA should be included to
ensure accuracy.
A spectrophotometer was found useful for this

study, but for qualitative work and routine diagnosis
we do not regard it as essential, as there was little
difficulty in reading results visually following the
manufacturer's instructions.
We cannot explain the prozone effect obtained

with some samples. This phenomenon has been

I~ ~I I F
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observed with immunofluorescence and an ELISA
system established by ourselves. It is recommended
that specimens positive by other tests but negative by
Rotazyme are repeated after a dilution of 1/5 in
PBS.
On the whole the kit performed well, as it is both

specific and simple to perform. We did not like the
manufacturer's instruction to test specimens at 1/3
dilution in PBS, as this material was inconvenient to
handle. Most laboratories routinely make 10%
wt/vol extracts in PBS clarified by a low speed
centrifugation which can then be used for other
tests as well. No problems were encountered using
this type of extract.
The reproducibility was good. The variation is

great enough to affect weak positive results, possibly
giving rise to falsely negative readings or vice versa,
but such borderline samples would probably have to
be confirmed by a separate test, as a matter of
routine.
The fact that the test detects rotaviruses from

different species suggests that it may also be useful to
veterinary workers, since death of livestock owing
to gastrointestinal infections is a major economic
problem in many countries.18
For a third generation test, however, the sensitivity

is relatively low, and it is possible that the test has
potential for greater sensitivity. One possible
explanation is that some commercial firms may be
reluctant to introduce a new test that gives positive
results that are difficult to confirm by existing
methods. This is a well known problem with
techniques of high sensitivity such as ELISA. Our
knowledge of disease-free excretion is limited how-
ever, and it might be shown that greater sensitivity is
not desirable. But until the epidemiological signifi-
cance of subclinical cases is firmly established there
is a need for tests of high sensitivity.
Another disadvantage of the Rotazyme kit is the

cost (at the moment it costs over £100 per test).
Many laboratories would find it more economical to
develop their own ELISA test. The greatest need for
such a test as the Rotazyme lies with the Third
World, but at present the cost involved seems
prohibitive.
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ment; Drs Elizabeth Boxall and Susan Skidmore for
critical help with the manuscript and Catherine
Nichols for typing it. We are especially indebted to
Miss Anne Brennan, Mrs Cheryl Hall and Mrs Jane
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