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An enzyme-linked immunosorbent assay was developed to allow direct detec-
tion of class-specific antirotavirus antibodies. In colostrum and in milk, antirota-
virus antibodies were found in the three immunoglobulin classes. Antirotavirus
immunoglobulins G and M were predominant in colostrum, whereas antirotavirus
immunoglobulin A was predominant in milk and feces.

Rotavirus and transmissible gastroenteritis
virus were shown to induce diarrhea in pigs (for
a review, see reference 4). The immune response
against transmissible gastroenteritis virus was
extensively described (6, 7, 12, 19), and the im-
portance of immunoglobulin classes sharing
function against this virus was demonstrated (5,
7, 21, 22). Concerning rotavirus infections, the
relative role of immunoglobulin classes in pro-
tection of piglets has not been published yet. It
has been shown that the enzyme-linked immu-
nosorbent assay (ELISA) has the ability to de-
termine class-specific antibodies (15-18, 23).

In the present work we report the develop-
ment of an ELISA which allows the direct de-
tection of class-specific antirotavirus antibodies.
This assay was used for quantitative assay of
antibodies in pig colostrum, milk, and feces.

Pools ofsow colostrum and milk samples were
lyophilized and reconstituted with distilled wa-
ter before use. Feces from healthy pigs were
collected during the winter of 1979-1980 in a
conventional pig farm where no clinical signs of
diarrhea were observed in pigs at any age.
Nevertheless, 90% of these animals had serum
antibodies against rotavirus. Fecal samples from
20 pigs with diarrhea were collected in 20 differ-
ent farms in Brittany. All fecal samples were
diluted 1:10 in phosphate-buffered saline con-
taining 0.05% Tween 20 and 0.02% sodium azide
(PTSA) and clarified. Calf rotavirus (single-
shelled particles) was extracted from feces of
diarrheic calves and purified as previously de-
scribed (11).
Pure pig immunoglobulin and specific antisera

were prepared according to previous reports (8,
14; J. Franz and G. Corthier, Clin. Exp. Immu-
nol., in press).
The anti-rabbit immunoglobulin antibodies

were prepared by hyperimmunization of a pig,
using pure rabbit immunoglobulin G (IgG) in

Freund complete adjuvant. The antisera were
adsorbed onto rabbit immunoglobulin aggre-
gated with glutaraldehyde (3). Anti-rabbit anti-
bodies were eluted with 0.1 M glycine hydro-
chloride buffer (pH 2.8), and then 1 M
tris(hydroxymethyl)aminomethane was added
to adjust the pH to 8.0.

Coupling of the antibodies or immunoglobulin
with alkaline phosphatase was carried out as
described by Avrameas (2). These conjugates
were used at concentrations of 5 itg/ml. Immu-
noglobulin quantitation was performed by com-
petitive ELISA (16).

Detection of class-specific rotaviral antibodies
was performed as follows: microplate wells (Lin-
bro polystyrene plates) were treated with 1%
glutaraldehyde (1 h at 40C), washed thoroughly
with water, and coated with 100 ptl of purified
calf rotavirus suspension (2 fig/ml) in 0.05 M
carbonate buffer (pH 9.6). The plates were in-
cubated for 3 h at 37°C and then rinsed three
times with PTSA. Samples to be analyzed were
diluted threefold serially in PTSA, and 100lI of
each dilution was added to each well. After an
overnight incubation at room temperature, the
plates were washed three times, and 100 ,ul of
rabbit anti-pig IgA, IgG, or IgM heavy chains
was added. A further incubation period of 3 h at
37°C was followed by a threefold wash and
addition of the pig anti-rabbit conjugate. The
plates were incubated for 3 h at 370C, rinsed
four times, and then reacted with the substrate
solution (p-nitrophenyl phosphate [1 mg/ml] in
0.1 M diethanolamine buffer [pH 9.8] for 1 h at
370C). Each plate contained serial dilutions of a
standard positive serum (pig hyperimmunized
with pig rotavirus, OSU strain) and a phosphate-
buffered saline control.
Absorbance of the content of the wells was

measured at 405 nm in a Titertek Multiskan.
The results of ELISA were expressed as an
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endpoint titration: the highest sample dilution
that yielded an optimal density of 0.2. The spe-
cific activity was expressed by the logarithm of
the reciprocal of the dilution divided by the
concentration of immunoglobulin (milligrams
per milliliter) in the test sample.
The specificity of the rabbit anti-IgA, IgG,

and IgM heavy chains was determined using
antirotavirus IgA, IgG, and IgM extracted from
serum or milk collected from naturally infected
adult pigs. When antirotavirus IgG was used in
the test, no reaction could be detected with anti-
IgA or anti-IgM heavy chains, whereas absorb-
ance with anti-IgG heavy chain antiserum was
very high. Similar results were observed with
antirotavirus IgA or IgM. Every anti-immuno-
globulin serum was specific for the relevant im-
munoglobulin (data not shown).

In colostrum, the antirotavirus IgG (aRIgG)
titer was higher than the aRIgM titer (P< 0.01)
or aRIgA titer (P < 0.05) (Fig. 1). However, it
must be taken into account that IgG was the
predominant class in colostrum. Thus the spe-
cific activity of aRIgG, aRIgM, or aRIgA ap-
peared not significantly different (Fig. 1).

In milk, the most important antirotavirus ac-
tivity was found in the IgA class, significantly
different from the IgM and IgG classes (P <
0.01; Fig. 2). In lacteal secretions IgA was pre-
dominant, but the specific activity of aRIgA was
higher than that of aRIgG (P < 0.01). When
milk and colostrum aRIgA were compared, titer
and specific activity were not significantly dif-
ferent.
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FIG. 1. Class-specific antirotavirus activity in

pooled colostrum, expressed as antibody titer (left) or
specific activity (titer divided by immunoglobulin con-

centration; right). Bars indicate standard error of
the mean. Antisera used: 0, anti-IgG heavy chain;
0, anti-IgM heavy chain; U, anti-IgA heavy chain.

A total of 53 fecal samples were also analyzed.
Of these, only 17 specimens had antirotavirus
antibodies: in the healthy pig group, 6 of 15
suckling piglets, 3 of 16 weaned pigs, and 1 of 9
adults; in the diarrheic pig group, 4 of 9 piglets
and 3 of 14 adults.
As shown in Fig. 3, in the healthy animal
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FIG. 2. Class-specific antirotavirus activity in

pooled milk, expressed as antibody titer (left) or spe-
cific activity (right). Bars indicate standard error of
the mean. Antisera used: 0, anti-IgG heavy chain;

1, anti-IgM heavy chain; E, anti-IgA heavy chain.
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feces ofhealthypigs, expressed a.s antibody titer (left)
or specific activity (right). (a) Feces firom suckling
piglets; (b) fece-s firom weaned and adult pigs. Bars
indicate standard error ofthe mean. Anti IgA heavy-
chain antiserum was used in the ELISA. Reactions
with anti-IgG and IgMf heavy-chain antisera were
negative (little lines next to the bars).
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group, the aRIgA titer or specific activity was
higher in suckling piglets than in weaned or
adult pigs (P < 0.02). The absence of aRIgG
may be explained by the fact that small amounts
of IgG were found in feces (Franz and Corthier,
in press). The same argument was not valid in
the case of aRIgM, since IgM was found to be
predominant in the feces of suckling piglets
(65%; Franz and Corthier, in press).

In feces collected from pigs with diarrhea (Fig.
4), aRIgA, aRIgG, and aRIgM were collected.
The concentration of immunoglobulin in these
diarrheic feces was significantly higher (P <
0.02) than in normal feces. Antirotavirus anti-
bodies from the IgA class remained predomi-
nant, aRIgA titer being higher than aRIgG titer
(P < 0.05). The specific activities of aRIgA were
higher than those of aRIgM or aRIgG (P <
0.05).
Our class-specific antirotavirus ELISA proce-

dure appeared to be an efficient technique for
detecting antirotavirus antibodies in colostrum,
milk, or feces. However, antibodies having high
and low affinity may not be detected equally by
ELISA (1, 10).
We have to mention that the present results

are related to group-specific antigens of rotavi-
rus, since purified single-shelled calf rotavirus

FIG. 4. Class-specific antirotavirus activity in

feces of pigs with diarrhea, expressed as antibody
titer (left) or specific activity (riht). Bars indicate
standard error of the mean. Antisera used: 0, anti-
IgG heavy chain; IL anti-IgM heavy chain; U, anti-
IgA heavy chain.

particles were used in the assay.
All of the pooled colostrum and milk samples

that were analyzed in this work contained anti-
bodies against rotavirus; this is consistent with
the fact that in France 90% of adult pigs were
shown to be seropositive for rotavirus (13).
With respect to the pig intestinal immune

response against transmissible gastroenteritis vi-
rus, it was previously shown that IgA is the
predominant class sharing antibody functions as
a consequence of immunity following natural
infection (for review, see reference 20). In suck-
ling piglets, antibody function was also shared
by IgA. In this case, however, the antibodies
may originate either from milk or intestinal mu-
cosa or both. Nevertheless, the results we ob-
tained in weaned or adult pigs strongly suggest
that antirotavirus activity is essentially due to
IgA.

We thank R. Scherrer and J. Laporte for critical reading of
the manuscript and J. Cohen and J. Seve for providing calf
rotavirus, pooled colostrum, and milk.
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