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DETECTION OF ANTI-VIA ANTIBODIES IN CATTLE SERA
BY COUNTERIMMUNOELECTROPHORESIS

Eduardo R. Centeno® ; Juan Antonio Obiaga' ; Kleise de Freitas Costa' ; Julio A. Mesquita®

SUMMARY

The counterimmunoelectrophoresis (CIEP)
technique was adapted for the study of antibodies
to the VIA (virus-infection-associated) antigen in
cattle sera in order to offer a new highly sensitive
and consistent technique suitable for detecting
those antibodies in low titer sera avoiding false
negative results.

This study utilized sera from animals that had
been intranasally infected with attenuated-foot-
and-mouth disease virus, with titers varying from
strongly positive to weak and including negatives
according to previous tests by double immuno-
diffusion (DID) in agar; cattle sera from an FMD-
free country were also used.

To increase the sensitivity of the technique,
the sera were tested against several dilutions of a
standardized preparation of VIA-antigen; it was
shown that most of them reacted with one or
more of the 1/30, 1/560, and 1/75 dilutions of the
standard VIA-antigen preparation.

Two agaroses were assayed, one of low and
one of high -m, (cathodic mobility coefficient),
in order to provide two alternatives for technique
performance; the optimum electrophoretic con-
ditions of both supporting media are described.

Sensitivity, specificity and consistency of
CIEP and DID, as well as their correlation, were
studied statistically; it was found that although
both techniques are highly specific and their con-
sistency is comparable, CIEP is much more sen-
sitive and detects twice as many positive sera from
infected cattle.

The epidemiological usefulness of a sensitive
technique such as CIEP, its speed of performance,
economy of reactants and yield in number of

Ipan American Foot-and-Mouth Disease Center, PAHO/
WHO, Caixa Postal 589, 20000 Rio de Janeiro, RJ, Brazil.

samples processed simuitaneously, are empha-
sized.

INTRODUCTION

The technique of counterimmunoelectropho-
resis (CIEP) was introduced in 1959 by Bussard
(3), for the purpose of detecting specific antibody
and antigen reactions. He called the technique
electrosyneresis. The simplicity and sensitivity of
the method led to its use by many investigators
and for different systems. It is frequently found in
the scientific literature under many other names
such as electro-immunoprecipitation, immuno-
electro-osmophoresis, etc.

This technique has been commonly applied in
the laboratory for the diagnosis of hepatitis B in-
fection (6, 8, 13) and of a variety of viral (5),
fungal and parasitic diseases. |t has also been used
for the serotyping of adenovirus (9), Coxsackie
and ECHO? viruses {77), estimation of antibodies
against native and denaturated DNA (7, 14), to
detect activation of C3 component of the com-
plement (2), etc.

Basically, it consists of a combination of the
double immunodiffusion (DID) reaction in agar
and electrophoresis. In the DID in agar, the re-
actants are placed in individual wells from which
they diffuse toward each other until they meet
forming a precipitation band or line (one or more,
according to the heterogeneity of the system)
whose position, characteristics and time of forma-
tion will depend vn the nature and concentration
of the antigens and antibody. In CIEP, the re-
actants practically do not diffuse, but are electro-
phoretically “pushed’” toward a common reaction
zone. '

in ideal conditions, the antigen-antibody com-
plexes precipitate to form a band equidistant from
the point of origin of each component.
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The sensitivity of this technique is greater than
that of the DID in agar since both antigen and
antibodies migrate as a whole thus, maintaining a
high concentration.

The studies carried out to determine the most
suitable electroendosmotic conditions for a system
constituted of the VIA (virus-infection-associated)-
antigen (4) of the foot-and-mouth disease (FMD)
virus and its homologous antibodies, are described
in this paper with the purpose of offering a tech-
nique of high sensitivity, great consistency and
simplicity that permits the detection of very low
concentrations of bovine anti-VIA antibodies in
relatively short periods of time.

MATERIALS AND METHODS

Antigens

Two preparations, identified as VIA-1 and
VIA-2, were utilized in this study. The first was
produced in accordance with the technique devel-
oped by the Diagnostic and Reference Laboratory
of the Pan American Foot-and-Mouth Disease
Center (78), and the second was prepared follow-
ing the method at the Plum Island Animal Disease
Research Center, U.S.A. (17) with some modifica-
tions: i.e., the final concentration was obtained
not by ammonium sulphate precipitation but
through negative osmotic pressure using PEG
20,000%. The final volume generally corresponded
to 1/200th of the original virus culture fluid.

The antigens were titrated by the Laurell
electro-immunodiffusion technique (70), taking
VIA-1 as reference and using a hyperimmune
guinea pig serum obtained from the Serology labo-
ratory. Alternatively, the DID in agar method as
described by McVicar and Sutmdller (72) was
employed. Subsequently, VIA-2 was diluted to a
value equal in activity to that of the VIA-1 taken
as standard.

2peG 20,000 Polyethylene Glycol 20,000 J.T. Baker
Chemical Co., Phillipsburg, N.J., USA.

Effects of pH and buffers composition on the
electrophoretic mobility

Two buffers were first studied with respect to
the influence of their components on the move-
ment of the serum proteins during electrophoresis
and the consequent formation of the antigen-
antibodies precipitation bands in the agarose. The
compositions of the buffers were the following:

a) Barbituric Acid 0.01 M
Sodium Barbiturate 0.05M
Sodium Acetate 0.05 M
Acetic Acid 1 N to adjust pH

b) Barbituric Acid 0.026 M
Sodium Barbiturate 0.084 M

HCI 1 N to adjust pH

The effect of the pH on the mobility of the
antigen-antibody system was also studied using the
described buffers and varying their pH at discreet
intervals from 8.0 to 8.6. Thus, the optimum value
was determined for both antigen and antibody to
be displaced at a similar speed in the electro-
phoretic field.

In order to obtain maximum displacement of
the immunoglobulins with minimum distortion,
cattle serum was studied electrophoretically in 1%
agarose. The pH was maintained constant and the
ionic strength of the buffer in which the agarose
was dissolved was varied from 0.075 to 0.0125.

Supporting media

Two types of agarose were utilized in this
study. One was Seakem?, and the other HEEO?* of
fow and high electroendosmotic activity, respec-
tively.

In both cases the agarose was prepared at 1%
(w/v) in the following manner: 1 g of agarose was
slowly added to a 125-m| Erlenmeyer flask con-
taining 60 ml of distilled water, while the medium
was magnetically stirred. The mouth of the

3Colloid Marine Colloid Industries, USA.
4Miles Laboratories Inc. Elkhart, Indiana, USA.
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container was covered with aluminum foil to pre-
vent evaporation. The mixture was then heated to
the boiling point while continuously stirred and
kept in these conditions for two minutes to obtain
a perfect solution. Once this stage was reached, 50
mi of buffer were added, either of barbital-sodium
barbital or barbital-sodium acetate, 0.11 ionic
strength. The solution was briefly heated, cooled
to about 50°C and poored onto the slides as
described later on. It is advisable to prepare the
agarose solution just prior to use.

Electrophoresis

A Gelman® unit with frames that support six
slides (2.5 x 5.0 cm) in two rows of three was used
in this study. Thirty ml of agarose cooled to ap-
proximately 50°C were poured ever each frame in
which the slides, previously cleaned with alcohol,
had been placed. The process was conducted on a
leveled table. ,

The frames were placed in a cooler at 4°C for
five minutes to ensure good gelling. Using a gel
punch6 with ten cutters of 3 mm in diameter, 20
wells were made in the agarose layer according to
the model shown in Fig. 1. For that purpose it
was first necessary to cut 10 cavities per slide,
then move the gel punch longitudinally to the
desired distance between wells, where a second
cut was made. The agarose fragments were re-
moved by means of a section needle (2.5 mm ex-
ternal diameter); one of its ends was applied to the
surface of the agarose which was to be removed
and the other end connected to a light suction
source {rubber bulb or an aspirator water pump
connected to a faucet).

To investigate the optimal distance for forma-
tion of precipitation bands in the shortest possible
electrophoresis time span, even with the use of low
titer sera, several plates were made up. The space
between the edges of the antigen and antibody
wells varied from 3 to 5 mm.

5 Gelman Instruments Company, Ann Arbor, Michigan,
US.A.

6Gelman Instruments Co. Gel punch, Catalog No.
71686. .

Beginning from the left, the wells (with a volu-
metric capacity of 14 ul) were alternately filled
with undiluted sera, either problem or control.
The remaining wells were filled with dilutions of
VIA-antigen. At first, the VIA dilutions were made
in an arbitrary manner, starting with the undiluted
preparation and continuing with dilutions {1/10,
1/20, 1/30, 1/40, 1/50, 1/60, 1/70, 1/80, 1/90 and
1/100) in order to find the dilution or dilutions
that would optimally react with a given group of
sera. With respect to the sera, a group was chosen
from blood samples taken at different intervals
from infected cattle. It was thus possible to ex-
periment with a range of values varying in degrees
of positivity from strong to weak and negatives.
All these sera had previously been studied by the
DID technique in agar. The results were recorded
as S, strong, when the precipitation bands were
very evident, and W, weak, when they were visible
without great effort; and finally, as VW, very
weak, when they were observed with some dif-
ficulty or appeared only after being stained with a
Ponceau solution.

The plates were placed in an electrophoresis
chamber and connected to the buffers with nylon
wicks according to the technique described in the
Gelman Instruments Co. Manual. 160 volts were
applied during varying periods of time to obtain
the minimum necessary time span to produce the
immuno-precipitation bands. The electrophoresis
chamber contained the same buffer employed in
agarose preparation but with an ionic strength of
0.11. The electroendosmosis phenomenon was
studied in both agarose preparations. With the
HEEO agarose (High-Electro-Endosmosis) it was
observed that at optimal pH the antigen migration
speed and that of the antibodies toward their re-
spective poles were virtually the same; the precipi-
tation band was formed at an equal distance from
the two cavities when the antigen-antibody ratio
was optimum. As the -m, values (cathodic mobili-
ty ratio) (9) of the Seakem agarose were lower
than those of the HEEO, it could be observed
that the VIA moved to the anode faster than the
immunoglobulins to the cathode; therefore, the
precipitation band was formed closer to the serum
well, creating some difficulty in the reading and
consequently in the positivity evaluation. To
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‘FIGURE 1. Precipitation bands obtained with the CIEP. The picture shows the distribution of wells in the slides.
The antigen was applied in the wells of the right (cathode) and the sera on the left side wells (anode).

overcome this inconvenience the sera were first
run at 260 volts for 30 minutes; then the cavities
were filled with the antigen and the whole system
was again run, at 160 volts for an additional 90
minutes. In this particular circumstance, when the
antigen-antibody ratio was optimum the precipita-
tion bands were formed equidistant from both
cavities, ie., that which contained the antigen and
that which contained the antibodies.

When the electrophoresis was finished, the
plates were observed and the absence or presence
of precipitation bands was recorded. To prevent
unspecific precipitations due to the low solubility
of the bovine gamma globulins in low ionic
strength media, the cavities were refilled with a
phosphate buffer (Na2z HPO4 0.15 M, NaCl 0.40 M,
KH2PO4 0.03 M, pH 7.8) 50 minutes after the
run was finished and the plates were read again 10
or 20 minutes later, taking as reference the mo-
ment when anvy precipitate previously observed in
the negativity controls region had disappeared.
The bands were recorded according to their in-
tensities. To prevent the plates from becoming

dried, they were always kept inside a humid
chamber; a second reading was made 24 hours
later.

After this period the plates were washed, dried
and stained. For that purpose they were covered
with a strip of filter paper for five minutes to re-
move any excess liquid; once the paper was re-
moved, the cavities were filled with agarose left
over from the preparation of the plates. Then the
agarose was again covered with filter paper strips
over which were placed four or five layers of ab-
sorbent paper and then a light weight in order to
maintain very close contact between the paper and
the agarose surface, After a few minutes the
agarose plates were reduced to a thickness of a
tenth of a millimeter and were then washed in an
LKB tank” or similar with phosphate buffer (pH
7.8). The process was aided by magnetic stirring
for a minimum period of 3 hours. The plates were
subsequently washed with distilled water for 30

7LKB tank No. 3948, LKB Produkter AB, Stockhoim,
Sweden, )
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minutes. Finally, the wash water was removed by
repeating the process as described. The plates were
completely dried in an oven or by the heat pro-
duced by a 100-watt bulb. To prevent the agarose
from coming loose from the slides it is always de-
sirable, before drying the agarose completely, to
immerse the slide briefly in a solution of 1% glyc-
erin (v/v} and 7% acetic acid (v/v). The gel will
then retain a small amount of moisture, decreasing
its fragility and increasing its flexibility.

The dried plates were placed for 30 minutes in
a 0.5% Ponceau® solution dissolved in 5% tri-
chloroacetic acid {(w/v), then washed with 7%
acetic acid (v/v) until the excess dye was removed.
Finally, the plates were treated with a solution of
1% glycerin (v/v) in 7% acetic acid (v/v) for 30
minutes. The plates were allowed to dry by expo-
sure to the air. In some cases, very weak precipita-
tion bands which could not be observed prior to
the dyeing became apparent after this process. The
final readings were recorded. ,

Electro-immunodiffusion

The Laurell method was used (70). One gram of
LEO® (Low-Endo-Osmosis) agarose was dissolved
in 100 ml of barbital-sodium acetate buffer the
composition of which was previousily described,
diluted to an ionic strength equal to 0.02 and with
its pH adjusted to a value of 8.6. A 5 ul Oxford
pipet was used to place the samples in the cavities
which had a diameter of 3 mm. The same buffer
used in the preparation of the agarose was placed
in the electrophoretic chamber. 280 volts were
applied for four hours at 4°C in a cold room. The
diverse VIA preparations were consequently di-
luted so that all would migrate the same distance
taking as reference the standard VIA-1.

Sera

For this study, 80 sera were obtained from

8ponceau solution, Gelman Instruments, Inc.
LEO Agarose. Miles Laboratories, Inc. USA.

cattle intranasally infected with foot-and-mouth
disease attenuated virus. Sera from hyperim-
munized guinea pigs and from cattle of known
positivity were used for control of positivity. For
control of negativity, 40 cattle sera from the
Republic of El Salvador (an FMD-free zone) were
used.

Antigen controls

in order to eliminate the presence of anti-
bodies against BHK components in animals im-
munized with vaccines prepared from virus devel-
oped in this cell medium and that might produce
false positives, a culture of virus-free BHK cells
was processed through the same process employed
to obtain the VIA antigen. The cytopathic effect
was simulated by means of ultrasound. The final
product, which was called “false VIA”, was then
diluted to provide the same protein concentration
as the standard VIA. The protein concentration
was obtained through the biuret reaction. All sera
were simultaneously run against VIA and false
VIA,

Biuret reaction

This was performed according to the method of
Gornall, Bardawill and David (7); an extinction co-
efficient value of 2.8 was taken, as had been ob-
tained for serum proteins.

Double immunodiffusion (DID) in agar

This method is basically the same as described
by McVicar and Sutméller (72). Each system con-
sisted of seven wells: one central well and six wells
located around it, 6 mm from its edge. Each well
was 4 mm in diameter and 3 mm deep, with a vol-
ume of 38 ul. Results were recorded at 24, 72, 86
and 120 hours.

A comparative study was conducted to estab- .
lish the correlations between the positivities de-
tected by the CIEP and DID techniques. The re-
sults are shown in Tables 1, 2 and 3, where the
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sensitivity, the specificity, consistency and cor-
relation between both techniques are indicated.

Statistical study

A formula from Thorner and Remein (75) was
used for the statistical comparison of the CIEP and
DID sensitivities. Work was done directly with the
cell frequencies of a 2 x 2 table where

Test No. 2 Test No. 1
(+) (-}

(+) b

~) d

the difference between sensitivity rates is distrib-
uted according to the “t” Student’s probability
distribution with n-1 degrees of freedom:

(b-c):n

V(b +¢):in?

RESULTS

The comparative study of the sodium-barbital-
barbital and sodium-acetate-barbital buffers indi-
cated that both showed similar efficiency; no dif-
ference in the position, intensity, rate of forma-
tion, visibility, etc., of the precipitation bands,
etc., was observed. Because neither of them of-
fered any particular advantage with reference to
band differentiation or method sensitivity, the less
expensive sodium-acetate-barbital buffer was se-
lected.

A distance of 3 mm between the edges of the

antigen and antiserum wells was found to be the
most favorable.

With reference to the VIA-antigen concentra-
tions employed, it was observed that the presence
and intensity of the precipitation bands depended
on the antiserum titer/antigen concentration ratio;
the precipitation bands appeared in the zone of
equivalence. An analysis of the results indicated
that most sera could be ranked within three dilu-
tions of the standard VIA preparation, e.g., 1/30,
1/50 and 1/75 which reacted with strong, medium,
weak and very weak sera, respectively.

Among the various ionic strengths tried, the
buffer with a value of 0.05 u was the most effi-
cient and a reasonable displacement of immuno-
globulins without distortion was observed. Oc-
casionally, discreet bands were formed in the
agarose as a consequence of the low solubility of
these cattle serum proteins in that salt concentra-
tion. However, no drawback was observed, for as
was explained in Materials and Methods the un-
specific bands dissolve easily when the ionic
strength of the medium is increased after termi-
nating the electrophoresis.

For the buffer in the chamber, a value of
0.11 u was found to be optimum as it produced
a good electrophoretic effect.

The system was run for different period of
time. The most efficient time period for HEEQ
agarose was 2 hours at 160 volts. With a lower
-m, agarose, such as Seakem'’s, it was first neces-
sary to run the sera for 30 minutes at 260 volts,
then add the antigen and run the system again at
160 volts for an additional 90 minutes.

The negative control sera showed no reaction
at all, whereas the test sera showed all the alterna-
tives possible, from negatives to strongly positive
reactions.

With respect to the control prepared with BHK
cells, i.e., the false VIA-antigen, it showed no re-
action even when run at several concentrations in
the different studies conducted.

Statistical assessment of the results of the com-
parative study of CIEP and DID techniques
showed that although both techniques have the
same specificity, the former is much more sensitive
and demonstrates nearly twice as many positives.
The results are summarized in Tables 1, 2 and 3.
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TABLE 3. Consistency ‘of CIEP and DID in
detecting anti-VIA antibodies®

TABLE 1.Sen tivity and specificity of CIEP and DID
for the letection of anti-VIA antibodies
Infection
Techniques Yes No Total
Posit. 63 0 63
Neg. 17 40 57
CIEP Total 80 40 120
Sensitivity = 78.8 + 9.0%
Specificity = 100%
Posit. 3 0 34
Neg. 46 40 86
DID Total 80 40 120

Sensibility =42.5 + 10.8%
Specificity = 100%

TABLI 2. Correlation (§) and comparison of
sansitivit 15 () of CIEP and DID in the detection
of anti-VIA antibodies ,

Techniques

DID

CIEP + - Total
+ 32 31 63
- 2 15 17

Total 34 46 80

£ (CIEP) = 18.8%

£ (DID) = 12.5%
Difference :36.3% (t= 5.048)
§ =032 x? =8.345

DISCUSSION

The m iin object of this work was to adapt the
CIEP tec nique as a s nsitive, rapid and relatively
simple p ocedure for investigating anti-VIA anti-
bodies in :attle sera.

At pn sent time, t e detection of antibodies to
the VIA ntigen is da 1e by means of DID in agar
as a rou ne techniqu! which, although possessing
a high onsistency, is not sensitive enough to
detect a tibodies in :era with low antibody titers
and cor equently Ta\ yield many false negative

Determinations

First

Techniques + - Total

+ 57 5 62

Second - 1 17 18
CIEP
Totsi 58 22 80
$) = 081 x? = 62207 (p <0.01)
+ 32 2 34
Second - 3 43 46
DID

Total 35 45 80

) = 087 x? = 60956 (p < 0.01)

)5, this table the results of two assays with the same com-
ponents and in similar conditions, are compared.

results. Conversely, CIEP is a highly sensitive
technique which has been widely used for the
detection of Australia antigen, antibodies to DNA
and many other systems often mentioned in the
literature.

Nevertheless, the technique must be adapted
to each particular system due to the fact that the
conditions of the antigen, with respect to its mobi-
lity in the electrophoretic field, vary from one
substance to another. Furthermore, it is of fun-
damental importance to establish as thoroughly as
possible the optimum ratio between antibody and
antigen concentrations in order to avoid the zone
phenomenon that may produce false negatives and
therefore decrease the sensitivity of the technique.

For the above-mentioned scope, a set of sera
was selected from animals intranasally infected
with attenuated FMD virus and whose anti-VIA
antibody titers varied from strongly positive 1o
negative in accordance with previous tests carried
out by DID. These sera were studied by the CIEP
technique against a series of VIA-antigen dilu-
tions in order to avoid the zone phenomenon.
Finally, it was found that most of the sera re:
acted with one or more of the 1/30, 1/50 and
1/75 dilutions of the standard VIA-antigen.
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Consequently, the sera were studied against those
antigen dilutions which enabled the sensitivity of
the method to be increased since strong sera wouid
not react with high antigen dilutions and, vice
versa, weak sera would not react with high antigen
concentrations.

It has been determined (76) that an adequate
relationship between the mobility of the antigen
and the -m; values of the supporting medium must
exist. This value varies for the different brands of
agar and agarose and depends on their chemical
composition (9). In this work, two commercial
preparations of agarose were studied, one of low
-m (Seakem) and the other (HEEQ), of high
endosmotic properties.

When the former was used, the precipitation
bands formed very near to the serum well, which
indicated low endosmotic activity and a rapid
movement of the antigen. To overcome this draw-
back, the sera were run first at 260 volts for 30
minutes, allowing a reasonable displacement of
the gamma globulins to the cathode; after this, the
antigen was added and the run was continued at a
lower voltage which allowed the bands to form at
approximately the same distance from serum and
antigen wells, overcoming in a simple way the
drawback of the serum’s low cathodic mobility.

There was no such problem with the HEEQ
agarose because the -m, values were high enough
and, for the conditions of the run, e.g., pH, ionic
strength, temperature, etc., the precipitations
bands formed equidistantly from the antigen and
antiserum wells. In this way, two alternative meth-
ods are presented. The choice will depend on the
availability of agar or agarose with either high or
low electroendosmosis.

Apparently, the components of the buffer used
are --within certain limits-- unimportant; both buf-
fers considered in this study yielded practically the
same results.

With this method, results can be obtained in a
comparatively short time, ordinarily two to three
hours after electrophoresis is begun. However, for
very weak sera a 20-hour incubation period with a
subsequent staining of the precipitation bands is
preferred. This enables the very slight, impercepti-
ble bands to be clearly seen after staining, thus in-
creasing test sensitivity. The whole process, from

preparation of the supporting medium to the dye-
ing, takes about 30 hours, which compares favor-
ably with the 120 hours consumed for the DID
technique. This fact, in addition to the small
slide volume requirements, saves both time and
space. The dyed slides may be kept on file if nec-
essary.

The sensitivity, specificity, consistency and cor-
relation between CIEP and DID were analyzed sta-
tiscally (Tables 1, 2, 3). A test for statistical signif-
icance of the difference between two sensitivity
rates should consider the frequency of correlated
results. For this study, the application of both
CIEP and DID procedures to each serum tends to
produce similar responses. Thus, the standard error
of the difference between the two ratios must be
calculated in a way which eliminates the effect of
that correlation. Consequently, an expression was
chosen which permitted direct operation with the
cell frequencies in a 2 x 2 table (75). The value of
t = 5.048 (79 d.f.) found was highly significant
and indicated that the sensitivities percentages
(78.8% for CIEP and 42.5% for DID) shown by
both methods was substantially favorable to the
former.

Thus, the CIEP technique offers great practical
advantages for serological surveys for anti-VIA
antibody detection because: a) it permits the de-
tection of antibodies to the VIA-antigen in a com-
paratively short time, always shorter than DiD;
b) it is much more sensitive than DID and a very
low titer of antibodies may be detected; c) a large
number of samples may be tested simultaneously
and d) the small volume of reactants required in
each well (14 ul) and the high dilutions of VIA-
antigen employed signify an important econo-
my.

ACKNOWLEDGMENTS

The authors wish to thank Dr. Aibino Alonso
Fernandez for kindly providing the reagents, Drs.
Vicente Astudillo and Hernan Malaga for their op-
portune criticism during the writing of this work
and, finally, Ms. Maria das Gracas Alexim, for her
valuable technical assistance.



Bitn Centro Panamericano Fiebre Aftosa 33-34

31

REFERENCES

1. ARQUEMBOURG, P.C.; LOPEZ, M.; BIUNDO, J;
SALVAGGIO, J. Detection of anti-DNA antibodies
by counterimmunoelectrophoresis. J. /mmunol.
Methods 5: 199-207, 1974.

2. ARROYAVE, C.M.; TAN, E.M. Detection of comple-
ment activation by counterimmunoelectrophoresis
(CIEP)}. J. Immunol. Methods 13:101-112, 1976.

3. BUSSARD, A. Description d‘une technique combi-
nant simultanément I'électrophorése et la précipitation
immunologique dans un gel: ’électrosynérése. Bio-
chim. Biophys. Acta 34: 258, 1959.

4. COWAN, K.M.; GRAVES, J. H. A third antigenic com-
ponent associated with foot-and-mouth disease infec-
tion. Virology 30:528-540, 1966.

5. GASPAR, A.; EDLINGER, E. Diagnostic rapide des
Entérovirus par électrosynérése. Ann. Microbiol.
{inst. Pasteur) 129 A:545-552, 1978.

6. GOCKE, D.J.; HOWE, C. Rapid detection of Australia
antigen by counterimmunoelectrophoresis. J. /m-
munol, 104:1031, 1970.

7. GORNALL, A.G.; BARDAWILL, C.J.; DAVID, MM,
Determination of serum proteins by means of biuret
reaction. J. Biol. Chem. 177:751, 1949,

8. GRAHAM, H.A.; ALDENDERFER, P.H. A counter-
immunoelectrophoresis inhibition test for the detec-
tion of hepatitis-associated antigen. Proc. Soc. Exp.
Biol. Med. 139:414,1972.

9. HIERHOLZER, J.C. Effects of sulfate concentra-
tions, electroendosmotic flow, and electrical resistance
of agar and agaroses on counterimmunoelectrophoresis

with adenovirus antigens and antisera. J. /mmunol,
Methods 11:63-76, 1976.

10.LAURELL, C.B. Quantitative estimation of protein
by electrophoresis in agarose gel containing antibody.
Anal. Biochem. 15:45, 1966.

11.MacWILLIAM, K.M.; COOK, K.M. Counter-electro-
phoresis as a possible method for typing ECHO and
Coxsackie viruses. J. Hyg., Camb. 74:239, 1975.

12.McVICAR, JW.; SUTMOLLER, P. Foot-and-mouth
disease: the agar gel diffusion precipitin test for anti-
body to virus-infection-associated (VIA) antigen as a
tool for epizootiological surveys. Am. J. Epidem. 92:
273-278, 1970.

13.PRINCE, AM,; BURKE, K. Serum hepatitis antigen
(SH): rapid detection by high voltage immunoelectro-
osmophoresis. Science 169:593, 1970.

14,.SCHULLER, E.; FOURNIER, C.; REBOUL, J.;
COSSON, A.; DRY, J.; BACH, J.F. Determination of
DNA antibodies in normal and pathological sera by a
new counterimmunoelectrophoresis method. J. /m-
munol. Methods 11:355-365, 1976.

15. THORNER, R.M.; REMEIN, Q.R. Principles and pro-
cedures in the evolution of screening for disease.
Public Health Monograph No. 67.

16.TRIPODI, D.; KOCHESKY, L.S.; DAVIS, O. Immuno-
chemistry of counterimmunoelectrophoresis and the
effect of electroendosmotic flow on reactivity. J. /m-
munol. Methods 4:1-10,1974.

17.VIA Manual. Plum Istand Animal Disease Center, P.O.
Box 848, Greenport, Long Island, N.Y. 11944, USA.

18.VIA. CPFA. Alonso Fernandez, A.; Sondahl, M.S.;
Ferreira, M.E. (in preparation).





