|

U.
A

AD692524

FSTC~HT-23-37-69 1

S. ARMY FOREIGN SCIENCE
ND TECHNOLOGY CENTER

‘MAHIIH
COMMAND

BIOLOGICAL PROPERTIES OF THE :\22 VARIANT

OF HOOF AND MOUTH DISEASE VIRUS

COUNTRY: USSR ‘.

TECHNICAL TRANSLATION

This document has been approved D g“.
for public release and sale; !
its distribution is unlimited. ) J_% . o
It may be released to the T RS
Clearinghouse, Department of JEPZ 0 1355 col
Commerce, for sale to the —— if"‘ !
1 . I e .
general public LEIUL_:; 0 ~-.‘)Lf'}’ |
B |
!
-




TECHNICAL TRANSLATION

FSTC=-HT=23~ 37-C9

BIOLOGICAL PROPERTIES OF THE A22VARIANT

OF HOOF AND MOUTH DISEASE VIRUS
by

L. A, Zhidkova

VETERINARIYA, 968, No.ll
pages 23-27

Translated for FSTC by Techtran

This translation is an unedited rendition of the original
foreign text. Statements or theories advocated or implied
are those of the source and do not reflect the position or
opinion of the US Army Foreign Science and Technology Center,
This translation is published with a minimum of copy editing
and graphics preparation in order to expedite the dissemin-
ation of information. Requests for additional copies of

this document should be addressed to the Defense Document-

ation Center, Cameron Station, Alexandria, Virginia, ATTN:
OSR-2.




Research of recent years has confirmed the relatively high mutability
and adaptive capability of hoof and mouth disease virus. Considerable
successes have been achieved after suckling mice and newborn rabbits, which
are very susceptible to hoof and mouth disease, began to be used as experi-
mental animals, as well as tissue cultures.

The method of changing the hereditary properties of viruses by means
of passaging in tissue cultures at reduced temperatures merits the special
intention of investigators. During these passages the capacity of the
viruses to propogate is altered, which is accompanied by changes in other
biological properties, including pathogenicity. On the basis of theoretical
concepts, introduced by A. L'vov (1960, 1962), by means of cultivation of
hoof and mouth disease virus at reduced temperatures, attenuated strains
which are useful practically have been obtained.




Research of Wittmann, also Asso and others (1964-1866) the
different degrees of propagation of attenuated and virulent nhoof and
mouth disease virus strains at high and low temperatures, and also the
virulence for susceptible animals were revealed.

We have studied certain immunobiological and physico-chemical
propertics of original (ooulical) wnd modified strains of hoof and

mouth disease AZZ virus, obtained in the process of passaging in the

organism of non susceptible animals and in a culture of cells of calf
kidney at reduced temperature,

Materials and Methods

Hoof and mouth disease virus Ay (A.SSSR, 550/65): epizootic

aphthous virus from horned cattle, lapinized virus of the 6th and
149th passages.

Animals: horned cattle weighing 240-250 kg, guinea pigs -
500-700 g, 2-day old rabbits, 45-day old nice, white mice weighing
20-25 g,

(Tissue culture): primary cultures of cells were obtained from
calf kidneys (CK) 6-8 months old according to the generally accepted
method. Cultures were grown in test tubes and in flasks of various
volumes at a temperature of 37° for 6-8 days in a medium with 0.5%
hydrolysate of lactalbumin in Henks' solution (LHH) with 10% normal
cattle serum. Before infection the cultures were washed with Henks'
solution. In order to cultivate virus LHH medium at pH 7.6 without
serum was used.

(Titration of virus): The infectious titer of the virus was
determined by cytopathogenic effect (CPE) in test cultures and in mice.
Virus was titrated at 10-fold dilutions with an interval of 1 logarithm.
Cultures in test tubes were infected with a suspension of virus at a
dosage of 0.1 ml and were brought up to 0.9 ml of supporting lhH medium,
Infected cultures were incubated at temperatures of 41, 37, 28 and 24°,
The experiments were finally registered on the 5th, 7th day. Mice were
infected with a suspension of virus in a volume of 0.1 ml. Results were
studied for 7 days. The virus titer was calculated by the method of
Reed and Mench.




Neutrallzation and Seroprotaction

The titer of virus neutralizing antibodies in blood sera of
cnimals was determined according to the neutralization reaction in
tissue culture and the index of seroprotection in mice. Before setting
up the reaction, sera were heated at £5-58°. In the neutralization
reaction two-fold dilutions of sera in Henks' solution were mixed with
various volumes of virus containing 100 TTsDSO/ml. The mixture was

retained for contact at 37° for one hour.

Cultures and test tubes were infected at a dose of 0.2 ml and
brought up to 0.8 ml with sustaining LHH 80 m at pH 7.6. The results
were studied for a period of 3 days. In order to determine the index
of protection mice were injected subcutaneously with 0.1 ml of undiluted
test serum, and on the following day virus was titrated parallely in mice
protected and not protected by the serum. The index of protection was
calculated according to the difference in virus titers in mice which
were and were not treated with serum.

The antigenic properties of the virus were studied in the
compliment fixation test with homclogous and standard type-specific
sera,

For genetic characteristics of the virus in the process of passaging,
the following markers were used: pathogenicity fer guinea pigs (Vg), mice
(vm), rabbits (V1) and large cattle (Vb), thermoresistance (Tso), stability

at pH 6.5 (pH), capacity for propagation in a culture of CK cells at 41,
37, 28, and 24° (rct4l, rcty,, rct,g, rct24), the dimensions and time of

formation of negative colonies under agar (S).

Pathogenicity of the virus was determined by infection of guinea
pigs, newborn rabbits, mice and large cattle. Guinea pigs were infected
intracutaneously at the plantar surface of the hind paws, rabbits - sub-
cutaneously with 1 ml, mice - subcutaneously with 0.1 ml, cattle - sub-
cutaneously with 1-2 ml.

The Tsc-criterion - the test virus - containing suspension was heated

in a water bath at S0° for 30 minutes (temperature fluctuation + 0.2%),
abruptly cooled and the infectious activity of the virus was determined by
the method of titration in mice or in tissue culture;




. pﬂ-critorion - a suspension of the virus was extracted 30 minutes
at 4 with phosphate buffer pH 6.5, then the pH of the medium was adjusted
to 7.6 with sodium bicarbonate solution and titrated in mice or in tissue
culture. A dilution of the virus in phosphate buffer at pH 7.6 and its
titration in mice or in tissue culture served as the control.

rct-criterion - determined according to CPE by the method of titra-
tion of virus in a culture of cells at various temperatures.

Results of Research

The pathogenic virus for further study and comparison of its
properties with a modified strain selected was hoof and mouth disease
virus A22’ passaged 22 times in rabbits, then renewed in cattle, again

passaged 10 times in rabbits, renewed in cattle and passaged 6 times
in rabbits. This virus is a commercial strain for preparation of hydroxy
aluminum formol vaccine.

This commercial virus strain, passaged 117 times in addition in
rabbits and designated as the 149th passage (Table 1) was selected as the

original virus for subsequent passaging in tissue culture and for obtaining
a modified strain.

Table 1 shows that virus of the 6th and 149th passages was virulent
for mice and rabbits, propagated in the organisms of these animals at
high titer (9.5 log LDSO/ml); caused disease in guinea pigs in the general-

ized form with 100% fatality; was insensitive to the effect of temperature
at 50° for 30 minutes (TSO_); weakly sensitive to the pH of the medium 6.5.

Antigens were specific and active in the compliment fixation tests with
homologous serum at dilutions of 1:8 and 1:32.
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Key: aa) Characteristics of Hoof and Mouth Disease Virus Strains;
A) number of passage from rabbits; B) titer in mice (log LD/ml);
C) titer in rabbits (LDSO/ml; D) pathogenicity for guinea pigs;

E) number of guinea pigs; F) affected generalized); G) died;

H) titer in compliment fixation test; 1) titer in mice (log LDSO/ml;

J) after heating; K) after treatment at pH 6.5; L) pathogenicity
for cattle; M) volume of injected material (ml); N) method of

injection; 0) number of animals; P) not affected; Q) affected;
R) locally; S) generalization; T) subcutaneously.

After subcutaneous injection of the centrifuged virus suspension
at a dilution of 1:10 in a volume of 2 ml with 2 hcad of cattle, hoof
and mouth disease was observed in them in a gencralized form. From data
of a control at biofactories it is also known that this virus causes
discase of cattle with generalization of the process upon injection in
the tongue. Testing of the virus of the 147th passage in cattle showed
that it had somewhat reduced its pathogenic properties (of 2 animals 1
was affected by formation of aphthae on the mucous lining of the tongue.

For further modification the virus of the 149th passage in rabbits
was adapted to a culture of CK cells. At the first passage it already
caused complete degeneration of cells after 48 hours at a culturing
temperature of 37°. From the 2nd to the 20th passage (virus was cultivated
at 37°) the cytopathogenic cffect of the virus was observed after 18-20
hours. At the 21st-25th passage the virus was cultured at 28°, and the
calve's CPE began after 48 hours.



but after 72 hours only 10-15%

From the 25th passage cultivation of the virus at 24° was begun

of the cells were affected, and virus

of the 26th passage did not cause¢ CRE, However, after carrylng out an
additional 3

3 passages at 26°, reproduction of the virus in tissue culture

at 24° was enhanced und a further possibility of passaging virus at this
temperature appeared (Table 2).
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aa) Characteristics of Certain Properties of Hoof and Mouth

Disease Virus in the Process of its Passaging in a Culture of

CK cells: A) number of passages B) incubation temperature (°);

C) titer in mice (log LD /ml); D) time of death of rabbits (hours);
E) pathogenicity for p:gg F) number of animals; G) not

affected; H) affected ) locally; J) generalization; K) died;

L) titer in mice log LD /ml) M) after heating; N) after treatment
at pH 6.5; 0) titer in cémplument fixation test; P) undil.

Q) Key: O-animals not affected;

undil-undiluted virus containing
culture fluid.




In the experiments no substantial diffcrences were noted in the
properties of virus passaged for 10-20 passages in a culture of cells
at 37°. However, virus titer in mice in comparison witn the original
strain was reduced by 9.5 to 5.25-5.4 log ngo/ml; death of rabbits

began 96-102 hours after their injection with undiluted virus containing
culture fluid; in guinea pigs local and gencralized forms of hocf and
mouth disease were detected, The virus reduced the sensitivity to the
acid rcaction of the medium, but remained insensitive to heating at 50°
for 30 minutes (TSO-)'

Study of the biological properties of virus of the 35th, 45th and
60th passages, cultured at 24%, showed that its pathogenicity for mice,
rabbits, and guinea pigs decreased regularly in the process of passaging.
At the level of the 60th passage the virus titer for mice was less than
log LDSO/ml; the" virus did not cause disease in rabbits and in only one

of 8 guinea pigs formed an abortive apthac on one paw; the virus possessed
TSO- and pH criteria. Cultural antigens of the 10th, 20th, 35th, 40th,

and 60th passages were specific and active in the compliment
fixation test with homologous <~erum (undiluted and at a titer of 1:2).

Results of propagation of the virus of the 10th, 20th, 35th, 4S5th,
and 60th passages at 41, 37, 28, and 24°, was also its capacity to fom
negative colonies (MC) are presented ir Table 3.
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Key: aa) Data on Propogation of Hoof and Mouth Disease Virus at Various
Temperatures and Capacity to Form Negative Colonies; A) passaqe of
virus; B) virus titer in tissue culture at various temperatures (TTsD /om) ;
C) character of MC; D) tliter appearance (hours); E) Incubation i
temperatures ( °); F) dimensions mm).
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In the process of passaging at reduced temperatures the capacity
of the virus to propagate at 4] and 37° gradually decreased (after the
45th passage the virus did not propagate at 41°, and by the 60th passage
at 41 and 37°). The capacity of the virus to propagate at 28 and 24°
increased and the titer of the 60th passage was equal to 7 log TsTSO/ml).

Thus, at the level of the 10th passage the virus possessed

rct41§, rct37*, ICt28+' rct24‘; the 20th - rct41¢, rct37+, rctzs*,
TCto4s the 35th - TSty .0 TCtyo , TCtog , TCL,, 5 the 45th - rct41_.
TCtyq, s rCt28+' TCtogys the €0th passage - rct, » Ietq, rct28+,

rct criteria.
24+

Virus of the 10th and 20th passages at 37° caused formation of
large MC (with dimensions 4-5 mm) after 96 hours. Virus of the 35th
and 45th passages at 37° formed MC (with dimensions 2-3 mm) after 72
hours. Virus of the 60th passage had lost the ability to form MC at
37° and had acquired the ability to cause formation of MC with dimensions
1-1.5 mm) at 28° within 48 hours.

In Table 4 data are presented on testing of immunogenic properties
of hoof and mouth disease virus passaged in a culture of CK cells in
cattle.

The viruses injected subcutaneously into the animal in the region
of the middle third of the neck at doses of 2 - 106.8 - 2 . 107.2 TTsD, o/

ml. They were observed for a period of 15 days. In one out of three
calves vaccinated with virus of the 45th passage, on the Sth day after
vaccination the temperaturc rose to 40.3° and on the 7th day abortive
apthae developed on the mucous membrane of the tongue; in the 2nd one -
on the 15th day erosion was observed on the muccus lining of the tongue
and gums without an increasc in temperature. In l'oth animals a depressed
state, with salivation and disruption of food int ke were not observed.
One animal remained healthy.

Virus of the 60th passage was injeccted into three head of cattle;
all animals remained healthy.



The titer of the virus neutralizing antibodies and sera according
to the neutralization reaction in tissue culture and according to the
seroprotection reaction in mice on the 15th day after vaccinatior was
1:84 - 1:1024 or < 7 log.

Contrel infection was carried out 15 days after vaccination with
apthous virus from cattle with a titer of 9.1 log LDSO/ml at a dilution

of 1:500 by the method of smearing on the mucous membrane of the tongue.
All vaccinated animals were healthy for a pericd of ten days (the period
of observation). Control animals were stricken with hoof and mouth
disease with generalization of the process.

Discussion

Prolonged bassaging of hoof and mouth disease virus in the organism
of naturally immune animals leads to a change in its biological properties.
However, despite multiple tests, it was not possible to obtain strains
by this method which would posses along with apathogenicity sufficiently
immunogenic properties. Moreover, as a result of such passaging the virus
acquires the properties of myotropicity and cardiotropicity [A. Paraff, et
al, 1961; P. Prunet, 1964]j.

From the work of Assoc et al [1966] it is known that the myotropic
and cardiotropic effect of such strains may be eliminated by means of
their passaging in cultures of primary tripsonzied kidney tissues of cattle
or hogs.

Extremely encouraging results have also been obtained by investigators
[G. Wittmann, 1964; L. Goldsmit, E. Barzili, 1964; Asso, et al, 1966},
using the princinles of selection and modification of hoof and mouth
virus strains by means of culturing them at a temperature below that at
which the virus causes disease in naturally susceptible animals in their
experiments.

We have presented a perspective for the purposc of obtaining a hammless
and immunogenic strain of the virus to employ prolonged passaging of the
virus in the organism of naturally immune animals and in a culture of cells
at 37 and 24°.
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Key: aa) Data on Testing of Immunogenic Properties of Hoof and Mouth
Disease Virus in Cattle; A) passage of virus; B) number of animals:
¢) volume of injected material (m1); D) method of Injection; E) control
on avirulence; F) not affected; G) affected H) locally; I) general
ization; J) control on activity; K) antlibody tliter after vaccination;
L) neutralization reaction; M) seroprotection reaction (log); N) sub-
cutaneously; 0) ditto.

In our experiments as a result of prolonged passaging in the
organisms of newborn rabbits the virus also remained highly pathogenic
for naturally immune animals, decreased its pathogenicity in relation
to cattle and acquired the property of mvotropicity.

Further passaging of the virus in a culture of CPE cells at 37°,
and then at 24° led to reduction in pathogenicity of the virus for rabbits,
mice, and guinea pigs with retention of immunizing and antigenic properties.
The ability of the virus to propagate at 41, 37, 24, and 28° was altered.

The virus remained at high titer to propagate at 24 and 28° and
lost the ability to produce CPE at 41 and 37° which is in agreement with
research of Asso et al and Wittmann [1964-1966], which showed that in
proportion to the depression in the adaptation of the virus, it loses its
primary ability to propagate at 40 and 37° and acquires the ability to
propagate at low temperatures.

-10-




According to data of Korkh (1), Asso and Aunaud (1) [1966],
the sensitivity of the virus to heating at 50-55° is an indication
of the virulence or avirulence of the strain. [t was established
that attenuated strains are characterized by high sensitivity to
the temperatures indicated. In our experiments, in proportion to
the passaging in cultures of CK cells the virus became more sensitive
to heating at 50° for 30 minutes.

In the first 10-20 passages the virus formed large MC at 37°;
by the 6Cth passage it hgd acquired the ability to form mc (with
dimensions 1.5 mm) at 28 . Thus, the change in pathogenicity, ability
to reproduce at high temperature, sensitivity to heating and dimensions
of MC indicate further attenuation of the strain.

Testing of the virus in cattle showed that the method which we
selected for attenuation of the virus in the organism of immune animals
with subsequent passaging in a culture of CK cells at 24° made it
possible to obtain a modified strain, which retained its immunogenic
properties for cattle.

Markers used in the work for evaluating the degree of virulence
of the strain make it possible to make preliminary conclusions ab-ut
the degree of attenuation of the modified strain.

Conclusions

1. Hoof and mouth disease virus Asss adapted over the course

of 149 passages to the organism of the rabbit, as a result of further
passaging in CK culture at 24 degrees lost the ability to propagate at
an increased temperature and acquired the ability to propagate at low
temperatures and to form small negative colonies, reduced the pathogenic
properties for mice, rabbits, and guinea pigs.

“~

2. The hoof and mouth disease virus strain obtained proved to be

innocuous and immunogenic for cattle upon testing in preliminary experiments.

3. The methods used for evaluating the modified strain according
to a series of markers proved to be suitable for determining the degree

of attenuation of hoof and mouth disease virus A22.

-11-
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" Hoof and mouth disease virus Ay, adapted over the course of 149
passages to the organism of the rabb1%, as a result of further passaging
in CK culture at 24 degrees lost the ability to propagate at an increased
temperature and acquired the ability to propagate at low temperatures and
to form small negative colonies, reduced the pathogenic properties for
mice, rabbits, and guinea pigs.

The hoof and mouth disease virus strain obtained proved to be
innocuous and immunogenic for cattle upon testing in preliminary experiments,
The methods used for evaluating the modified strain according to a

series of markers proved to be suitable for determining the degree of
attenuation of hoof and mouth disease virus A22'
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