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2 2 = 2 - 0.22

\VE ) xj 82 9:06

log (1 + =2=) = log 1.22 = 0.09

Ve

Calculated infectivity titre: 10

Precision:’

5.97 £ 0.09 PFU/ml

The results of plague titrations are more precise when a smaller dilution
factor, e«gs 4, is used or when the number of culitures per virus dilution is
increased; in very precise titrations, four~fold serial virus dilutions should
be made and the number of cultures per dilution increased to eight.

PLAQUE~REDUCTION (NEUTRALIZATION) TEST

Small amounts of neutralizing antibody can be detected in animal sera using
the plague~reduction (peutralization) test. Sera may be tested without inactivation
or after.heating to 58 C for 30 minutes.

The "serum is filtered through 2 Sartorius membrane filter mounted om a 20 ml
Record syringe and $wo-fold serizl dilutions are mixed with a virus dilution
containing 100 to 200 PFU/ml as shown by a previous infTectivity titration; WM 3
is used as diluent for both virus and serum. The mixtures of serum aad virus are
‘kept in a waterbath for 30 minutes at 37 C. Dense, test-tube culifures of REHK
cellsy 4 t0.8 per preparation depending on the precision required, are used to
test the mixtures for infectiwity; the cell sheets are washed with VH 3, 2 ml per
tube; and 2 ml of the test preparations are added to each tube. In every test,

2 known positive amd a normal serum originating from the same animal species as
the "serum under test are included as controls and other control tubes contain WM 3
istead of serum. The adsorption pericd, the incubation time following addition of
Tylose~VM 3 overlay medium, and the staining procedure are the same as described
above for the infectivity titration.

The total number of plagues present in all tubes of every serum dilution is
compared with the sum of the plaques present in the same number of control tubes
containing VM 3 instead of serum. For every serum, the highest dilution reducing
the plague count by 50 percent compared with the VM 3 control (100 percent) is
determined graphically, plotiting the percentages of plaques against the log10
of the serum dilutions on millimetric graph papsr.

_ With the serum—~dilution method, which is theoretically the best, it is often
difficult to judge the proper virus dilution %o produce the optimal number of
plaques for easy counting in the VM 3 controls. Deep~frozen samples of the same
infectious culture fluid may vary considerably in titre when tested on different
days and in different batches of the same cells. This difficuliy can be overcome
by carrying out checkerboard tests in which serial {(two~fold) serum dilutions are
tested against serial (4-fold or 10-fold) virus dilutions. This procedure is too
laborious for routine tests.
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Since many normal sera contain non-specific inhibitors reacting with FMD
-antigen at lower serum dilutions, it is necessary to determine the 1limit between
neutralization caused by serum inhibitor and that due to specific antibody using
-a large number of sera from animals of known susceptibility. This limit has not
yet been established for Turkish cattle. It can only be stated that normal bovine
serum purchased in the U.S.A., where FMD does not exist, sometimes reduced the
plagque count by 50 percent in a dilution of 1:4. This serum was used as the negative
control in the plaque-reduction tests. It is quite likely, however, that in some
cattle a higher serum dilution than 1:4 represents the limit between non-specific
and specific reactions.

VIRUS-DILUTION METHOD

The difficulty of selecting the most favourable virus dilution does not exist
when the virus—-dilution method is used. In this case, a constant amount of serum
is tested against serial virus dilutions. In view of the mode of reaction of
American normal serum, an arbitrary serum dilution of 1:8 was chosen for routine
tests using this method. This, however, involved the risk that very small amounts
of antibody might not be detected even though the test is very sensitive.

In plaque-reduction tests using the virus-dilution method virus is titrated in
presence of:

(a) serum under test

(b) positive control serum diluted 1:8 in WM 3.
(c) negative control serum

(@) w3

The dilution range of the test virus depends on the result of a preceding
infectivity titration (plaque method) in presence of VM 3. In RBHK cells, plaque
tigres of relatively potent samples of virus cultures lie in the neighbourhood of
10° PFU/ml. Consequently, if 10 is used as dilution factor, a virus dilution range
of 1071 40 1076 should be selected for the test and positive control sera and a
range of 1073 to 1076 for the normal contrecl serum and VWM 3. If the dilution
factor is 4, the virus dilution ranges would be 41 to 4 10 for test positive
serum and 4 5 1o 4_10 for the negative serum and the VWM 3 control. The number of
tube cultures to be used per mixture depends on the precision desired; at least
6 tubes should be used when the dilution factor for the virus is 10 and at least
4 tubes when sera are tested against 4-fold virus dilutions.,

Equal quantities of the serial virus dilutions in cold VM 3 and of the 1:8
serum dilutions are mixed and the preparations incubated in a waterbath for 30
minutes at 37°C; 0.2 ml amounts are then pipetted onto washed monolayers of RBHK
cells. Note now that the amount of virus dilution per tube is 0.l ml, which must -
be considered in the calculation of the neutralization index. The adsorption period,
the incubation time after addition of Tylose~VM 3 overlay medium and ihe staining
procedure are the same as described for the infectivity titration.
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The neutralization index of a serum is obtained by subtracting the -log of the
infectivity titre of the virus in the presence of the 1:8 serum from the —log10
of the titre in the presence of VM 3. These titres are computed according to
the formula given above in the section om infectivity titration. Since the dose of
the virus, per tube, in the plague~reduction test is only half of that in the
log1 (1) must be added to the log of the number of PFU/O.l ml instead of log5

(0.7).

In plague-reduction tests made with sera from 25 cattle originating from the
Mtalys district, where vaccination is not practised and the cattle are susceptible,
the highest neutralization index found was 0.43 log for Ol and 0.07 log for A
viruses. For some unknown reason, the indices lay generally lower with Type A than
with Type O viruses; it is considered that indices higher than 0.5 log are
suggestive of specific neutralization.
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Appendix 3

SEPARATION BY ZONAL ULTRA CENTRIFUGATION OF
COMPONENTS OF FMD VIRUS AND DETERMINATICN
OF THEIR TITRE BY COMPLEMENT FIXATION

Zonal ultra centrifugation is tending to replace flurocarbon extraction ws a
means of determining the immunogenic value of foot-and-mouth disease vaccines l/ g/-
The vaccines are known %o possess two imporiant components: the large particles
of 22 nm E/ and the snall particles of 7 nm with a sedimentation constant of 140W
and 14S respectively. Both particles have the ability to fix complement éf} only
those with a sedimentation constant of 140S possess the power to immmize 3/,

Zonal ultra centrifugation presents a method of separating out the large
particles from a vaccine and quantitative measurements can be made using the
complement fixation (CF) test.

A standard method has been developed to separate out the nm particles, using
a saccharose gradient, and to carry out quantitative measurements.

MATERTAL AND METHODS

The CF titre of a Frankel O-type vaccine was determined; 1 000 ml of the
vaccine was concentrated to 100 ml in a rotary evaporator; 50 ml aliquots were
centrifuged at 5 000 rpm for 20 minutes and the supernatant fluid retained as
concentrated antigen for test.

Saccharose solutions of 15, 45 and 50 percent (weight/weight) were prepared
in Mayer and Levines' buffer solution.

Centrifugation was carried out in a zonal ultra centrifuge equipped with a
Bl4 rotor having a capacity of 650 ml; accessories for continuous flow were
comnected to ancillary equipment which included two cylindrical reservoirs, a
vibrator and a peristaltic pump of variable speed shown schematically in Figure 1.

The centrifuge was set to run at between 2 500 and 3 000 rpm; 400 ‘g of 15 and
45 percent saccharose solutions were placed in reservoirs B and A respectively, they
reached equilibrium through a conmnecting tube when it was opened; the vibrator and
peristaltic pump were started and the gradiemts forced into the rotor. The lighter
gradient occupied the periphery of the rotor but as more gradient was forced in
this was gradually replaced by the denser solution, the lighter gradient finding
its way to the cenire of the rotor. When approximately 600 ml gradient had been
introduced, at a rate of 20 ml per minute, thé flow was stopped; 50 percent gradient
was then introduced directly into the rotor through tube C; when the lightest
gradient began to flow from itube D the rotor was completely filled with saccharose
gradient which was stabilized by centrifugal force and increased in density in a
linear manner from 15 percent at the centre of the rotor 1o 50 percent at the
periphery. '

Nanomeitre is used in place of millimicron to comply with current practice.
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The pump was transferred to tube D and reservoirs B and 4 were disconnected;
50 ml concentrate antigen was pumped in via tube D displacing an equal volume of
50 percent gradient which flowed out by tube C; tubes C and D were closzed.

Plate E was removed and the rotor cowl was placed in position; the centrifuge
was closed and speed increased to 43 000 rpm; at a temperature of 10°C. After
three hours centrifugation speed was reduced to 3 000, the cowl was removed and
plate E replaced. The pump, having been washed with 50 percent gradient solution,
was recomnected to tube C and started. Gradient solution containing the respective
virus components was collected via tube E, the lightest fractions first; in all 13
different fractions were collected.

The fractions were diluted 1:2 with Mayer and Levines' buffer and their titre
determined in an autoanalyzer.

RESULTS

Very sharp separation of the 7 and 22 nm particles was obtained and it is
evident that the ease with which separation was effected was due to the marked
difference in their constants of sedimentation.

Figure 2 shows that fractions 1, 2 and 3 contained 7 nm particles, fractions
10 to 13 inclusive 22 nm particles and that fractions 4 to 9 inclusive had minimal
or no detectable activity.

The work was repeated several times giving comparable results; the peaks were
not always of the same magnitude but this was a function of individual antigens.

Fifty millilitres of concentrated antigen was used and 13 different fractions
tested; each fraction represents one thirteenth of the total antigen content of
the original vaccine and the sum of the titres should be equal, or nearly equal to
the titre of that vaccine. Thus, to prepare Figure 2 the following data were
available.

Titre of fractions multiplied by two to take into account
primary dilution factor.

Fraction 1 Titre = 26 x 2 = 52 Titre of the 7 nm

Fraction 2 Titre = 32 x 2 = 64 particles was 168

Fraction 3 Titre = 26 x 2 = 52

Fraction 10 Titre = 22 x 2 = 44 Titre of the 22 nm
Fraction 11  Titre = 32 x 2 = 64 -particles was 240

Fraction 12 Titre = 41 x 2 = 82

Fraction 13 Titre = 25 x 2 = 50
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The total of the titres for the fracticns was 408 which may be compared with
a titre of 420 for the original vaccine. Thus practically all the initial
antigenicity was accounted for.

CONCLUSION

Generally speaking ultra centrifugation using a zonal rotor type B offers
several advantages over the previous method using centrifuge tubes. 50 to 60 ml
of antigen can be utilized instead of 2.0 ml and it is thus possible to obtain
greatly increased quantities of the antigenic fractions for experimental work.
Preparation of gradients, ultra centrifugation, and collection of the fractions
is a continuous process and the stabilization of the gradients is ensured by
centrifugal force.

This automated process leads to the preparation of specimens in a way which can
be reproduced continuously with great precision.

l/ M.T. Fayet, M.Roumiantzeff and D.Fargeaud: Rev. Immunol., 33, 1969, 335-344.
g/ G.N. Mowat: Personal Communication, 1970.

3/ F.Brown and J. Crick: J.Immunol., 82, 1959, 444.
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Appendix 4

AN INDIRECT METHOD OF TESTING.THE POTENCY OF FMD VACCINES
IN ADULT MICE

{(IMPROVED TECHNIQUE)

As FMD virus is usually not pathogenic in adult mice, an indirect method was
developed y g/ by which the antibody response in mice to FMD vaccine is tested by
direct complement fixation (CF) using cold fixation. The following detailed B
description is given of the improved technique now in use, including some results
obtained in comparative vaccine tests in mice and cattle.

VACCINATICON AND SERUM COLLECTION

Adult mice (32 per monovalent vaccine) receive 0.5 ml undiluted vaccine
subcutaneously in one flank,the needle being inserted from above so that there is
no backflow of inoculated material. If the vaccine does not contain too much-
saponin,; that is,; more than 0.3 mg/ml, the animals show no reaction except some
swelling at the site of inoculation. Higher saponin concentrations are toxic and
may decrease antibody (Ab) production by the animals. Sera from mice severely
intoxicated by saponin may be strongly anticomplementary. Three weeks later the
animals are bled from the heart, taking 0.3 ml blood from each mouse; not much
pressure should be exerted in expressing the blood from the syringe into the
centrifuge tube since mouse erythrocytes rupture easily releasing hemoglobin into
the serum. A blood pool is made from all mice in the test and the serum separated
by centrifugation; it is inactivated ai 5800 for 30 minutes.

Since serum titres of individmal mice may v;a:ry greatly, it is necessary to
make serum pools from large batches of mice. Calculations have shown that 32
_animals per monovalent vaccine are sufficient.

ANTIGENS FOR CF TESTS

The antigens to be used depend on the composition of the vaccine. The virus
type corresponds te that of the vaccine. TVaccinated mice will develop Ab not only
against the viral antigen (Ag) but also against other antigenic substances contained
in the vaccine. The mass of this non-specific material is much greater than that
of specific Ag. When cold fixation is practised, which intensifies CF considerably,
the non-specific Ab may disiurb the reaction so much that conclusive results are
not obtained.



In Turkey, Frenkel-type and BHK vaccines are produced. Quite often vaccines
of both kinds are mixed. In this case it is sometimes difficult to get clear—cut
results in CP tests with sera from vaccinated mice. It is fortunate in this
respect that the vaccine virus is routinely treated by chloroform, which evidently
precipitates some of the non-specific Ag. Vaccines made from BHK virus treated
with chloroform do not often elicit a non-specific Ab response sirong enough to
make the results of CF tests inconclusive,

It is now the general rule to use Ag, prepared from BHK cells; against sera
from mice inoculated with Frenkel vaccine and Ag made from Fremkel—culiure virus
for sera from mice vaccinated with BHK vaccine. However, either Ag may cause
difficulties with serum from mice which received a mixture of both kinds of vaccine.

BHK antigen is prepared from infected RBHK cells (see Appendix 2) grown in
3~litre rolling bottles using 100 ml Hanks' medium per boitle and a very dense
cell seed. When the cell layers are complete, they are washed with VM 3 (50 ml per
bottle) to dilute out Ab present in the growth medium. The washing fluid is
decanted and replaced by 50 ml fresh VM 3 containing 1 ml infectious culture fluid.
The bottles are then returned 4o the roller and incubated until the infected cells
have detached from the glass, usually 24 hours. Since much Ag remains in the ,
rounded detached cells; the culture fluid containing these cells is centrifuged at
2 500 rpm for 20 minutes. The supernatant fluid is not uzed but the cell sediment
is weighed and resuspended in l/ 10 of the original amount of supernatant fluid and
frozen overnight or longer at =20 to -25 C; after thawing, the cell suspension is
cleared by centrifugation and the supernatant represents the Ag; its CF $itre is
usually greater than 1:8.

Due to the fact that inactivated pools of mouse serum often show some anti-
complementary activity, CF tests with murine sera require Ag showing no anti-
complementary effect when tested in presence of decreasing amounts of complement (e")
in comparison with buffered saline. To ensure freedom from anticomplementary
activity, Ag is shaken mechanically with chloroform (l/ 10 vol) for 60 minutes in
the cold room and thereafter the precipitate is removed by centrifugation.

Normal BHK antigen required as a control in CF tests is prepared from
monolayers of non-infected RBHK cells grown in l-litre Blake bottles or in larger
Povitzky bottles. The cells are removed from the glass with a metal scraper made
from strong wire; suspended in maintenance medium (VM 3) and centrifuged; the
sediment is weighed and resuspended in a calculated quantity of supernatant fluid
to give the same w-t/vol ratio as in ‘the infectious Ag; the suspension is frozen,
thawed and cleared by centrifugation as described above. Normal Ag is tested for
anticomplementary effect in the same way as infectious Ag and treated with
chloroform if necessary. :

Frenkel antigen, clarified extract of infected cattle tongue epithelium, is
concentrated five to seven times by vacuum evaporation and dialyzed against
physiological saline for 24 hours, changing the saline once, to remove salts present
in high concentration as these have a strong anticomplementary effect. Dialysis is
carried out, with magnetic stirring, in the cold room; since the volume of the
material increases in an unpredictable way during dialysis it iz preferable to
concentrate it about eight to ten fold to achieve a final concentration of five to
seven fold.
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As a control; an extract is prepared in the same way from non-infected cattle
tongue epithelium; it is concemtrated in the same mammner as the infectious Ag; if
it is anticomplementary, it is treated with chloroform.

REAGENTS FOR CF TEST

(1) Mouse serum pool under test, inactivated at 58°C for 30 minutes (Ms);

(2) positive reference serum from mice vaccinated with the same type of
vaccine and known to have immunized cattle;

(3) inactivated normal mouse serum (MNS);
(4) infectious Ag (Frenkel Az concentrated in Rotavapor);

(5) normal Frenkel Ag concentrated by vacuum evaporation; strictly comparable
with No.4;

(6) preserved C';
(7) hemolytic system with 3 units of hemolysin (HS).

QUANTITIES OF REAGENTS, FIXATION AND LYSIS PERIODS

Murine serum, undil. or in dil. 0.05 ml 21 hours
Agy undil, or in dil. 0.05 ml at + 2°¢C 60 minutes
C! dilution 0.1 ml
Fhosphate-buffered saline 0.1 ml at 37°%
HS 0.2 ml

Total: 0.5 ml per tube

C* TITRATION

C' preserved with Witte's fluid is used. It is kept deep~frozen in test tubes
and thawed as needed. Thawed C' not immediately used may be kept in an ice bath
(to be renewed daily) in the refrigerator at 4 C; under such conditions preserved C'
retains aciivity for several weeks.

Before setting up the CF test, C' is titrated in presence of the following
reagents using 0.1 ml pipeties for 0.05 and 0.1 ml amounis:
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(1) MS under test (0.05 ml) + buffered saline (0.05 ml)

(2) reference MS n + n " "

(3) wmws " + " 2 "

(4) infectious Ag " . 1 1 W all reagents
(5) normal Ag " - n - " undiluter.l:
(6) MS under test " + normal Ag " 2322}’:.;1’1
(1) reference MS " + n " -

(8) wws " + " " "

(9) wmws " + infectious Ag "

(10) buffered saline (0.l ml)

To all tubes are then added 0.1 ml buffered saline and 0.1 ml C' dilution
(1 tube in each row for each C' dilution) renging from three to ten percent. C!
is previously diluted separately (for instance: 3% C' = 0.6 ml 10% C' + 1.4 ml
buffered saline; 4% €' = 0.8 ml 10% C' + 1.2 ml saline; etc.).

o The tubes are sealed with 000 rubber stoppers and refrigerated, preferably at
2°C for 21 hours. Thereafter 0.2 ml HS are added to each tube followed by
incubation in a 37°C waterbath for 60 minutes. The percentage of unlysed cells
in each tube is estimated visually using the following marking system: 4 + = 100%
(no hemolysis); 4 + = 94%; 3.5 = 8T%; 3 + = T5%; 2.5 + = 62%; 2 + = 50%;

15 + = 37%; 1 + = 25%; 0.5 + = 12%; tr (= trace) = 6%; O = complete hemolysis.

In the CF test, the sitrength of C' to be used is increased by one percent compared
with its minimal lysing dose in the respective titration row. If, for instance,
7% C' lysed all cells in row 6 comtaining MS under test + normal Ag, 8% C' is used
for this combination in the CF test. A combination with infectious Ag is only
possible for MNS because Ab-containing sera will fix C' in presence of infectious
Ag and thus give erroneous results in the C' titration. Since Ag are usually less
anticomplementary than MS, one percent more C' is used for combinations of MS
expected to contain Ab plus infectious Ag than the amount required for complete
hemolysis in presence of the MS alone.

CF TEST

This test is now set up in checkerboard form, that is, undiluted MS and serizl
dilutions of from 1l:2 to 1l:16 are tested against undiluted Ag and serial dilutions
of from 1:2 to 1:16; MNS is used undiluted only in presence of undiluted Ag and Ag
“dilutions 1:2 and 1:4; every test contains control tubes in which either MS (in
Ag controls) or Ag (in serum controls) is replaced by buffered saline. Since murine
sera are sometimes hemolytic, the serum controls without C' (SC 2) are important
for the colour comparison of the supernatants after sedimentation of the unlysed
cells either by centrifugation or after standing overnight in the refrigerator.

The form and results of a checkerboard test are given in Table 1. It shows
that the controls were correct; that the serum under test contained Ab; and that .
the zone of Ag-Ab equivalence, in which serum titres are caleculated, was not the
same for both positive sera. The MS under test reacted best with an Ag dilution
of 1:2 whereas the reference serum reacted most strongly with an Ag dilution of 1:4.
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In these zones of equivalence; the serum dilutions allowing 50 percent
hemolysis are determined on millimetric graph paper,; plotting the estimated
percentages of unlysed cells against the log,, of the serum dilutions. In this
way a serum titre of 1l:4 is cbtained for the Serum under test and a titre of 1:7.5
for the reference serum. This indicates that the vaccine under test had a lower
immunizing power in mice than the reference vaccine.

COMPARISON OF RESULTS OF CF TESTS OF SERA FROM VACCINATED MICE
WITH THOSE OF POTENCY TESTS IN CATTLE

The first experiment (Fig. 1) was carried out in Germany'l/ using monovalent
vaccines of Types O, A and C kindly furnished by IFFA, Lyon, where polency tests
in cattle had been made with a high degree of statistical accuracy. Within each
virus type, the vaccine represented by the left columm had failed in the test in
cattle, while that covered by the right columm had passed. Figure 1 shows that
the mouse test could distinguish the good from the poor vaccines within every
virus type. As the height of the corresponding colums indicates, there was no
complete quantitative agreement between the results of both tests. However, it
should be remembered that, at that time, the mouse itest was still being developed.

A synergic effect was observed in miceg/ with trivalent vaccine prepared by
mixing equal quantities of the good monovalent ones (Nos. 2, 4 and 6 in Pig.l).
The doses for mice were 0.5 ml of the monovalent and 0.25 or 0.5 ml of the
trivalent vaccine. This means that mice inoculated with monovalent vaccine
received 6 or 3 times more antigen of the respective type than those given
trivalent vaccine. As Figure 2 shows, the results did not reflect this marked
difference in dosage. The trivalent vaccine produced more Ab than expected,
especially for Types O and A. It seems that, in this case, the C component
boosted the O and A componenits, this effect being relatively strongest with Type O

Later experiments made with other vaccine combinations showed that a synergic
effect cannot be demonstrated in every case. The conditions under which it occurs
are not precisely known. It seems, however, that the effect appears when a
trivalent vaccine contains a monovalent one of especially high potency in mice.

The trivalent vaccines were.not tested in cattle. According to a personal
commmication from Dr. Stellmamn, IFFA, Lyon, a synergic effect is either missing
or occurs very rarely in cattle treated with multivalent vaccines., Tt seems,
therefore, that results obtained with such vaccines in mice are not comparable
with those in cattle.

Table 2 shows resulis obtained in Ankara in comparative potency tests of
monovalent Type O vaccines in mice and in cattle. The vaccines used were
menufactured by Sap Institute, Ankara, and intendsd for use in the field. The
tests in cattle were carried out by the late Dr. Unluleblebici. Serum pools from
vaccinated mice were tested according t¢ the old method,; that is, undiluted and
in serial two-~fold dilutions against uwndiluted Ag. Results were also calculated
as in earlier experiments, comparing mean percentages of unlysed cells in the
serun—dilution range 1l:1 %o 1:32. The reference serum used in these tests ,
originated from mice treated with vaccine 147 which was not very potent in cattle
as indicated by the mouth lesions shown by all three vaccinated cattle upon intra-
lingual challenge; foot lesions were missing in these animals.
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It seems notewcrthy that vaccines 160 and 164, which did not protect all
cattle, also gave negative values in mice.

The data presented suggest that the mouse test can differentiate good and
poor monovalent vaccines. Further work will have to be carried out to show whether
or not it is suitable for quantitative potency tests. Due to the occurrence of a
potentiating effect in mice incculated with trivalent vaccine, the mouse test is
not usable for such vaccines.

E. Trauby P. Thein and F. Kesting : 4 simple potency test for foot—and-mouth
disease vaccines in mice and comparison .of results with those of potency tests
in cattle. Zbl. Vet. Med., B, 17, 1970, 389-400.

E. Trauby, P. Thein and F, Kesting : Antibody response in mice inoculated with
monovalent or trivalent FMD vaccines. Zbl. Vet. Med., B; 17, 1970, 487-507,




Table 1

CHECKERBOARD TEST WITH SERUM POOL FROM MICE VACCINATED

WITH BHK VACCINE TYPE O

Mixtures: 0.05 MS dil. + 0.05 Ag dil. (Frenkel Ag) + 0.1 buffered saline +
0,1 C' dil.y; 21 hs in refrigerator at +2°C; then 0.2 HS added;
lysis at 370 for 60 min.

Ag
MS dil. Sc1 SC 2
MS kind dil. (12 oe0) no Ag no Ag
(1:..) ct ‘no C!
1 2 4 8 - 16 1 1.
1 100 | 62 o5 0 0 0 100
MS 2 94 75 50 |25 0 0 100
under ’ - Lo
test Ol 4 87 62 37 12 0 0 : 100
8 25 12 6 0 0 100
16 0 0 0 100
i) 1 0 _
2 0
4 0
1 100 94 75 6 0 0 100
0, 2 100 94 94 |12 0 o | 100
4 100 94 94 37 6 0 100
Ref. 8 94 75 75 37 6 0 100
16 87 62 37 12 0 0 100
N 1 0 0 0
2 0 0 0
4 0 0 0 '
MNS O1 1 o] 0 0 0 100
1 0 0 0
AC 1 Ol 1 0
no MS
C' N 0
AC 2 Ol 100
no M3
no C!' N 1 100

_]/ Figures indicate estimated percentages of unlysed cells.
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Table 2

VACCINE TESTS IN MICE IN COMPARISON WITH TESTS
IN CATTLE AS PRACTISED BY SAP INSTITUTE

(monovalent Type O vaccines)

Tests in mice Tests in cattle
Vaccine Mortal- Results of CF tests
No. i:goi:;;m Serum pool Reference Vaccin- Controls
from vacc. serum Difference ated
mice (Vace.147) cattle
143 0/32 50/ 1Y +17 y2/ 0/2
144 0/32 49 42 + 7 3/3 /2 .
146 _1/32 53 42 +11 3/3 0/2
147 0/32 42 42 0 3/3 0/2 .
155 1/32 44 34 +10 3/3 0/2
156 0/32 47 34 +13 3/3 0/2
157 8/38 53 30 +23 3/3 o/2
158 10/32 28 21 + 7 3/3 0/2
159 4/32 38 21 +17 3/3 0o/2
160 8/32 14 21 -7 2/3 0/2
161 0/32 43 21 +22 3/3 0/2
162 2/32 31 30 + 1 3/3 0/2
164 0/32 20 30 -10 2/3 0/2

y Figures indicate mean percentages of unlysed cells in serum dilutiomn
range 1:1 to 1:32 (old method)

y No. protec'bed/No. vaccinated.
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COMPARATIVE POTENCY TESTS OF
IN CATTLE AND MICE
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Appendix 5§

A SEROLOGICAL STUDY OF 5 TURKISH TYPE A STRAINS

The purpose of this report is to describe the mode of reaction in crosswise
complement fixation (CF) tests of 5 Type A strains isolated in Turkey in recemnt.
years and the extent of their cross—reaction with Type C.-

MATERTALS AND METHODS
The following virus strains were used:

(1) A22,’ after several passages in cattle passed twice in BHK=21 cells .

and twice in BA cells;

(2) A,gy Dassage 1l in BHK cells after two passages in cattle.

Strains A22‘ and A28 were prevalent in the country several years ago:

(3) A=Civril, obtained in 1970 from Western Turkey, lst passage in BA
cells after 2 passages in BHK cells;

(4) A-Izmir, from Western Turkey (1971) and passaged once in BA cells

after two passages in baby mice;

(5) A~Van, originating‘ in 1971 from an outbreak in Eastern Turkey near
the Iranian frontier, an passage in BHK cells after one passage in

baby mice;

(6). 0, prevalent in Turkey for a number of years, passage 1l in BHK
cells;

(7) SAT, , mo longer present in Turkey since 1966. For safety reasons,
antigen was not made from this strain. Tests were carried out with

inactivated guinea pig immme serum (GPIS) only.

. o8

All virus strains were obtained from the Serology Section of Sap Ensti'h{lsu,
Ankara, where they were established in cattle or baby mice.
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For antigen production, the sitrains were grown in BHK-21 cells in 3-litre
rolling bottles with Eagle-Earle growth medium and VM 3 (50 ml per bottle) as
maintenance medium. Potent antigens, 500 ml per sirain, were obtained in this
manner.

In the tests presented in Table 2 and in Figure 2 of this appendix, infectious
tissue culture fluid (TCF) served as antigen and was compared with two cell
extracts prepared as follows: +the detached cells from 10 rolling bottles per
strain were sedimented by centrifugation, suspended in o25 ml VM 3, without lact-
albumin hydrolysate and frozen for several days at ~22°C; after thawing, the
suspensions were cleared by centrifugation, the supernatant being the "15t cell
extract” (CE 1), which served as antigen in the CF tests the results of which
are recorded in Table 1 and in Figure 1; the sedimented cells were then ground
intensively with VM 3 in Ten Broeck tissue grinders with well-fitting plungers
to disrupt a8 many cells as possible; the volume of the ground cells was adjusted
to 25 ml with VM 3; the turbidity remaining after centrifugation at 5 000 rpm for
20 minutes was greatly reduced by two-cycles of freezing and thawing, so that it
did not affect the CF tests; the final product, cleared by centrifugation, was
designated "% gell extract" (CE 2).

For each virus strain, potent GPIS were prepared by applying one hyper—
immmizing inoculation of guinea~pig passage virus into the foot pads about five
weeks after primary infection; the virus contained 0.75 mg saponin/ml; the
animals were exsanguinated from the heart seven to ten days after hyperimmunization.

Crosswise CF tests were carried out according to the checkerboard method; serum
titres (serum dilutions showing 50 percent hemolysis) were recorded in the zone
of antigen—-antibody equivalence; none of the antigens tested were anticomplementary.

RESULTS

Mode of reaction of the A strains in crosswise CFT: Values of "R calculated
according to the formula now in general use 1/ are recorded in Table 1.

" This table confirms that strains A22

A22 and A-Izmir 1971 are practically identical. A-Civril 1970 occupies an

and A28 are distinct sub-types and that

intermediate position and strain A-Van 1971, although it cannot be considered a
clear—cut sub-type conforming with adopted standards, sufficiently differs from
the other strains to warrant special attention in a vaccination programme.

The miatual relationships of the various strains are more clearly evident from
Figure 1 which shows that A22 serum reacted with A28 antigen more strongly than

vice versa. This confirms earlier results obtained by the Serology Section of
Sap Institute.
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Relationship of the 5 A strains to other virus types:¢ From Table 2 it can
be seen that antisera against all five A strains cross-reacted to a greater or
lesser degree with 0, but not at all with SATl antigen. From the fact that the
second cell extracts™ shown in the last column gave by far the strongest non-
specific reactions; it can be concluded that the common antigen is mostly cell-
bound and that the bulk of it remains in the cells even after one cycle of freezing
and thawing; mechanical disruption of the cells obviously liberates more non-
specific antigen.

Figure 2 presents the result of a checkerboard test carried out with A22 and
O1 antiserums and antigens. It illustrates the ratios of type-specific and non-

specific antigens in infectious TCF as well as in the first and second cell
extracts,

Contamination of the strains by a heterologous virus type seems most unlikely
in view of the fact that all Type A strains and also O1 strain gave evidence of a

non-specific antigen. The latter is probably identical with the non—type specific
antigen which has been known for a long time and which was studied in extenso by
Cowan and Graves g/ewho designated it as "virus infection-associated (VIA) antigen”
since it is not type-specific,

The non-specific antigen did not react with serial dilutions of a highly
potent SA‘I‘1 serum in the test listed in Table 2, but it did react with another

SA.’I‘l serum prepared in the same way.

SUMMARY AND CONCLUSIONS

Crosswise, quantitative complement-fixation tests carried out with five
Turkish virus strains of Type A have shown that a sirain identical with, or

closely related to A22 has recently reappeared in Western Turkey. At the same

time, a Type A strain differing to a substantial extent from 4., and A28 has

22
made its appearance in Eastern Turkey. The latter sirain camnot be called a
distinct sub-type but differs enough from the other strains to warrant attention
in vaccination programmes.

A common, mostly cell-bound antigen was detected in five Turkish A strains
and in the indigenous strain 01. It appears to be identical with the VIA antigen

studied by Cowan and Graves,

AN

Joubert. L. and C. Mackowiak, 1968: La Fidvre Aphteuse. Fondation Mérieux,
Lyon.

Cowan, K.M., and J.He. Graves : A Third Antigenic Component Associated with
Foot-and-Mouth Disease Infection. Virology 30, 1966, 528-540.
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Table 1

VALUES (%) OF "R" FOR 5 TURKISH A STRAINS

A A A
Strains A22 A28 Civril Izmir Van
A22 100 31 75 100 63
Ang 31 100 50 36 54
A 75 50 100 56 66
Civril v
A 100 36 66 100 55
Izmir
A 63 54 66 55 100
Van
R 2 90% serological identity
90% > R 7 T0% close relationship
706 2 R 7 32% more distant relationship
R é 32% very distant relatiomship
R =0 no relationship
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Table 2

PRESENCE IN BHK CELLS INFECTED WITH TURKISH TYPE A STRATNS

OF A CELL-BOUND ANTICEN CROSS-REACTING WITH TYPE Ol, BT
NOT WITH TYPE SA%
Mntigen dilution effecting 50% fixation
An'bigeny Mntisgerum
Mtigen:
TCR CE 1 CE 2
A 1:80 1:11 1:24 1:22
22
Ao
01 1:80 - - 1:12
A 1:100 1:11 1:44 1:11
4 28
28 0l 1:80 - 1:3 1:6
1 3 ® o1 . s
A Civril A Civril 1:100 1:s11 1:11 1:10
01 1:80 - : - 1:3
A Tzmir A Izmir 1:120 1:11 1:21 1:11
0y 1:80 - l:1 1:5
A Van 1:120 1:11 1:23 1:13
A Van 0, 1:80 - 1:2 1:10
Ol 1:80 1:6 1:19 1:11
A22 1:80 - - 1:6
A28 1:100 - - -
0 A Civeil  1:100 | - - 1:1
A Tzmir 1:120 - - -
A Van 1:120 - - -

= no or less than 50 percent fixation in presence of undiluted antigen and
all antigen dilutions

all antigens gave completely negative reactions with SA‘I‘1 antiserum in
this and in a special "checkerboard"” test.
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Figure 2

CROSS-REACTIONS BETWEEN Az AND Oy SERUMS
AND ANTIGENS IN QUANTITATIVE (" CHECKER BOARD")
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