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Abstract

Two commonly used methods to detect human enteric coronavirus in faecal specimens were compared.
All samples were screened by a modified enzyme-linked immunosorbent assay (ELISA). Positive samples
were confirmed by an ELISA with a blocking test. Randomly selected negative and positive samples
by the ELISA with a blocking test were then subjected to immunosorbent electron microscopy using
a protein A coated grid technique (PA-CGT). Out of 39 negative specimens using an ELISA with
a blocking test, 38 (97.4%) were still negative by PA-CGT whereas coronaviruses were seen in
only 26 out of 32 (81.2%) samples positive by the ELISA with a blocking test. This indicated that
the ELISA with a blocking test is superior to PA-CGT for detecting human enteric coronaviruses.
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Introduction

The role of coronaviruses in causing respira-
tory and intestinal diseases in animals and
respiratory illness in man is well documented (1).
These organisms have been detected by electron
microscopy in stool specimens collected from
patients with gastroenteritis during outbreaks in
India (2), England (3), Australia (4, 5), Germany
(6), and South America (7, 8), as well as in Thai-
land (9). Studies of the general population in
several developing countries have shown that
the virus can also be detected in large numbers in
stool specimens from healthy individuals (2,5, 8).
Thus, attempts to associate human enteric coro-
navirus with gastroenteritis have yielded con-
flicting opinions. Many recent investigations
have been directed towards resolving the
causative role of enteric coronavirus in human
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gastroenteritis. The slow progress in this regard
is largely due to the difficulty of growing the
virus in tissue culture and the lack of simple
serological tests. The identification of coronavi-
ruses so far has been based mainly on the
appearance of the virus in faecal extracts exa-
mined by electron microscopy — a procedure
which is cumbersome for routine diagnosis or
for large-scale studies. Unlike rotaviruses which
are easily counted under the electron microscope
because of their characteristic appearance, coro-
naviruses are rather fragile and those found in
faeces have often collapsed (10, 11).

The aim of our study was to compare a
modified ELISA and an immunosorbent electron
microscopical technique for detecting coronavi-
rus in human faeces. :

Materials and methods

Faecal specimens from 896 healthy individuals
and 267 patients with diarrhoea were collected
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and preserved at —70°C. Each sample was sus-
pended (at 10% w/v) in phosphate-buffered
saline (PBS), pH 7.4, and then centrifuged at
1000 xg in a refrigerated centrifuge for 10
minutes.

Virus

Human rectal tumor adenocarcinoma cells
(HRT 18) were used to cultivate human enteric
coronavirus (Ric 13). Both the tumor cells
and viruses were provided by Dr. Jacques
Laporte of the Institute National De La Re-
searches  Agronomique, Thiverval-Grignon,
France. Cells were grown in RPMI! 1640 medium
containing 10% foetal bovine serum, 100 unit/mi
penicillin, 100 ug/ml streptomycin and 1 ug/mi
fungizone, and subcultured at 3-day intervals
with a splitting ratio of 1:3-1:4. Virus infection
was carried out in serum-free medium for 4 days.
The infected culture was freeze-thawed once and
clarified by a step-wise centrifugation at 1100 x g
for 20 minutes and at 12,000 x g for 30 minutes.
The supernatant was concentrated to one-
twentieth of the original volume using an ultra-
filtration membrane (Diaflo, Amicon Corp.,
Mass., USA). The virus was further purified as
described by Garwes et a/. (12) except that a
discontinuous gradient of 20, 30, 40, and 50%
sucrose was used instead of a continuous one.
The gradient was centrifuged in a SW40 rotor at
74,000 x g for 5 hours (Beckman LB-70 Ultra-
centrifuge, Beckman Instruments Inc, Calif,,
USA). The virus band at the 40% /50% sucrose
interface was pooled, the residual sucrose was
removed and the virus was resuspended in 10 mM
Tris, pH 7.4. The total protein content in the puri-
fied virus suspension was measured using the
method of Lowry et a/ (13).

Antisera

Rabbit and guinea pig anti-human enteric
coronavirus (Ric 13) were prepared using essen-
tially the method described by Schmidt et a/. (14).
Animals were injected subcutaneously at several
sites with the purified virus emulsified in com-
plete Freund's adjuvant. The total protein content
of the antigenic dose for the rabbits was 100 pg
in 2ml and for the guinea pigs was 50 ug in 1ml.
Subsequent injections were given intramus-
cularly at 3-week intervals for 9 weeks. The
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animals were bled 10 days after the last injection.

The IgG fraction of the rabbit and guinea pig
antisera was purified by routine methods (15, 16),
and the protein content of each was estimated by
measuring its absorbance at 280nm.  Anti-
coronavirus activity was assayed by an ELISA
using purified coronavirus-coated polystyrene
microwell plates (Nunc-lmmunoplate IIF, Den-
mark).

Enzyme-Linked Immunosorbent Assay
(ELISA)

The ELISA to detect coronavirus antigens in
the faecal extracts was a modified double anti-
body sandwich method (17) using rabbit anti-
coronavirus as the capture layer and guinea pig
anti-coronavirus as the detecting antibody. The
optimum concentrations of antisera and peroxi-
dase-labelled rabbit anti-guinea pig globulin
(DAKOPATT, Copenhagen, Denmark) were
determined using a checkerboard titration as
described by Voller et a/. (18). Washing and
diluting buffers were 0.1% Tween 20 in PBS,
pH 74 (PBS-Tween) and 0.2% ovalbumin in
PBS-Tween, unless indicated otherwise.

A 100 ul volume of pre-titrated rabbit anti-
coronavirus 1gG in carbonate buffer, pH 9.6,
was used to coat the wells of 96-well polystyrene
microwell plates overnight at 4°C. Wells were
washed three times for 4 minutes each with PBS.
Unbound sites were saturated by 150 ul of 5%
ovalbumin in PBS, incubated at 4°C for 3 hours,
after which plates were washed three times with
PBS-Tween. Twenty-five ul of 10% faecal
extract in PBS was added to two wells in duplicate
and the final volume was adjusted to 100 ul with
PBS-Tween containing 0, 01 M ethylene dia-
mine tetraacetic acid (EDTA). Plates were incu-
bated overnight at 4°C and washed three times
with PBS-Tween to remove unreacted materials.
Diluted guinea pig anti-coronavirus 1gG (100 ul)
was added, incubated at 37°C for 120 minutes
and then washed 3 times, then 100 ul of peroxi-
dase-labelled rabbit anti-guinea pig globulin,
diluted 1:1000 (DAKOPATT) was added, incu-
bated for an hour and a half at 37°C, and the plate
was again washed three times. The colour reac-
tion was then developed using a substrate solu-
tion containing 0.5mg/ml of O-phenylenedia-
mine (OPD) and 0.02% H, O, in 0.05M citrate
phosphate buffer, pH 5.0. The reaction was
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stopped after incubation for 30 minutes at room
temperature by adding of 75 ul of 4N H, SO, to
each well. The colour that had developed was
measured at 490nm in an ELISA reader (Dynatech
Laboratory, Inc, Va., USA). The sample was
considered to contain coronavirus when the mean
optical density (OD) value was at least two times
that of the PBS control. '
ELISA-positive samples were confirmed by a
blocking test modified from Yolken et a/. (19).
In brief, 25 ul of 10% faecal extract was mixed
with 50 ul of rabbit anti-coronavirus antiserum
containing 50 rg 1gG/ml, or with pre-immune
rabbit serum containing approximately the same
amount of 1gG. The volume was adjusted to
100 ul with PBS-Tween containing 0.01 M
EDTA and this sample was then used as the
antigen in the sandwich ELISA described above.
The percentage blocking was calculated as

0.D. (pre) — 0.D. (post)
0.D. (pre)

x 100.

0.D. (pre) and O.D. (post) represent the optical
density values obtained from equivalent samples
after incubation with pre-immune rabbit IgG
and hyperimmune rabbit IgG, respectively.
Antigen was considered to be present if blocking
of 50% or greater was noted (19).

Electron Microscopical Technique

Immunosorbent electron microscopy was used
to examine viral particles in 71 samples randomly
selected from both ELISA blocking test-positive
and test-negative results. Immunosorbent elec-
tron microscopy was performed using a protein
A coated grid technique (PA-CGT) as described
by Nicolaieff e a/. (20). The faeca extract was
clarified by centrifugation at 12,000 x g for 20
minutes before ultracentrifugation using a Beck-
man LB-70 Ultracentrifuge with a SW40 rotor
at 70,000 x g for 90 minutes at 4°C. The pellet was
resuspended in 1 drop of distilled water. A car-
bon-shadowed, Formvar-coated 250 mesh cop-
per grid was floated for 10 minutes on a drop of
PBS, pH 7.4, containing 0.1 mg/mi protein A
(Sigma Chemical Company, St. Louis, Mo.,
USA). The excess fluid was blotted off. The grid
was transferred onto a drop of rabbit anti-corona-
virus IgG (diluted to a concentration of 0.05 mg
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protein/ml in PBS) for 10 minutes, then blotted,
placed on a drop of suspended pellet for 10 minu-
tes and washed twice with drops of distilled
water for 30 seconds each time. The grid was
then placed onto a drop of 1.56% PTA, pH 65 for
1 minute, blotted dry, then examined under an
electron microscope.

Results

Of 1163 stool specimens collected from nor-
mal individuals and patients with diarrhoea,
380 were presumptively positive by the ELISA
procedure. However, when the .ELISA blocking
test was used to confirm the presence of viral
antigens, inhibition of 50% or greater was
observed with only 91 samples (23.9% ). There-
fore, 76% of the 380 initially ELISA-positive
samples were considered to be negative. This
false positive ELISA reaction was rather common
and can be partially explained by the presence of
material in faecal specimens which can bind non-
specifically to the antibody molecules. These
results are consistent with previous reports of
detecting other enteric viruses, such as rotavi-
ruses (26) employing similar ELISAs. Thus, the
blocking test eliminated false positives in the
original ELISA to detect viral antigens in stool
specimens. The characteristic appearance of the
virion is illustrated in Fig. 1.

Of 32 ELISA blocking test positive samples,
26 (81.2%) were seen to contain coronaviruses
by PA-CGT, while in all except one of 39 ELISA
blocking test negative samples no coronaviruses
were seen (Fig. 2).

Discussion

Immunosorbent electron microscopy can de-
tect viruses at concentrations as low as 2-10 ng/ml
(23, 24) and has been shown to be equally
sensitive as an ELISA with a blocking test to
detect rotavirus (23, 25). The ELISA with blocking
test described here was more sensitive than elec-
tron microscopy: the PA-CGT detected only 26
(81.2%) of 32 specimens positive by the ELISA,
though it confirmed all 39 negative samples
except one. The lone exception (PA-CGT positive
and ELISA blocking-negative) gave a borderline
ELISA blocking value of 49%, just below the
cut-off point of a 50% reduction in OD value.

Detecting coronavirus particles by electron
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Fig. 1 — Appearance of enteric coronavirus seen by the immunosorbent electron micros-
copic technique. The virions are spherical (a and b) or pleomorphic (¢ and d) struc-
tures, approximately 100-300 nriv in diameter, with characteristic club-shaped peplomers;
virions with only a few or without projections on the surface (e and f) are also visua-
lized. Bar=100 nm.

microscopy depends entirely on the presence of
the complete and whole virions in sufficient
numbers. For this reason, the protein A-coated
grid technique of immunoelectron microscopy
appears to present some advantages over con-
ventional techniques which do not use protein A.
A preliminary comparison in our laboratories
indicated that when protein A and antibodies
are used, adherence of debris to the grids was

essentially eliminated, thus allowing viral parti-
cles to be seen clearly. The presence of an addi-
tional layer of protein and the increased effi-
ciency of coating antibodies using protein A
apparently prevented much of the non-specific
adherence of faecal debris to the grids, such as,
membraneous fragments of intestinal epithelial
cells, disintegrated bacteria and mycoplasma
(21, 22). -
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Fig. 2— Distribution of ELI SA blocking test results
expressed as% blocking among PA-CGT positive (e)
and PA-CGT negative (o) stool specimens.

Only 91 of 380 specimens (24%) were con-
firmed to contain coronaviruses by an ELISA with
a blocking test. This can be explained by the non-
specific binding of faeces to the solid phase of the
initial ELISA. Blocking by preincubation with
excess anti-coronavirus antibodies discriminated
against the non-specific binding, i.e., only bind-
ing by coronaviruses could be blocked. The pre-
sent comparison of the ELISA blocking test and
PA-CGT indicated that the blocking test is
reasonably optimised. However, critical factors,

Leechanachai et al

such as the relative concentrations ot trapping
vs blocking antibodies, could be further improved
to retain a high degree of specificity as well as
increase the sensitivity of the ELISA with a
blocking test.
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