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Abstract

DATA ON THE IRRADIATION OF LIQUID MANURE ARTIFICALLY INFECTED WITH
FOOT- AND MOUTH DISEASE VIRUS

Research on the application of an ionizing radiation treatment to
liquid manure infected with Foot- and Mouth disease virus is described.
Virus suspensions diluted with a phosphate buffer solution showed a
considerable decrease of virulence already at an exposure to O.k - 0.8
Mrad at low inifial titre. 1.2 Mrad proved to be effective also against
high concentrations of the virus. However, with liquid manure used as
diluent, a certain protective effect was noted against the destructive
influence of radiation on the virus.

INTRODUCTION

The Department for Radiation and Environmental Protection of the
PHYLAXIA Co. has been entrusted with the elaboration of radiation
procedures for the disinfection of various types of town sewage and of
liquid manures originating from large animal production units.

Investigations conducted along this line in the years 1972-7^
included the microbiological testing of town sewage from various communal
settlements, and of liquid manure from several large pig and cattle units,
in order to assess the optimal parameters of disinfection by irradiation.

Part of the results obtained in the above studies were presented
in two papers at the International Atomic Energy Agency Symposium on
"Radiation for a Clean Environment", held in Munich from 17th to 21st
March, 1975-

It was concluded that treatment with a radiation dose of approx.
A00 krad is reliable enough in respect of rendering sewages and liquid
manures non-pathogenic. The size of the radiation dose required to
destroy the bacterial or viral agents of notifiable animal diseases was,
however, not pursued earlier in a greater detail. In order to obtain
more information on this problem, the competent authorities
were approached in 1975 for approval of radiobiological studies on the
agent of foot-and-mouth disease (further on referred to as FMD).
Selection of this virus for further study was motivated on the one hand
by the great economic losses caused by outbreaks of FMD, on the other
by the extraordinary resistance of FMD virus to a score cf disinfectants.
In possession of the necessary approval, the related studies were
commenced in our experimental unit in summer, 1975, under rigorous
observance of all safety precautions. Samples of virus suspensions were
transported for irradiation under sterile conditions, under the
surveillance of a veterinary officer, and were returned to the FMD-
laboratory under similar conditions.

According to the literary data (which have been very comprehensively
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reviewed by Richter, 1973), the minimal radiation dose required for the
depression of virus replication is larger than the one capable of
suppressing bacterial growth, and it should be established separately
for each virus species. BALDELLI et al (1964, 1965) reported that at
least 2 Mrad was required to destroy the FMD-virus which had multiplied
in the organs of infected pigs. Frescura et al (1972) found that the
radiosensitivity of FMD-virus differed notably in liquid suspension and
freeze-dried state. The decrease of the infectivity titre did not
deviate too much between the two forms of virus material: with an
initial titre of 1o6-5-io7, complete inactivation was produced by
k.S ~ 5-0 Mrad. The CF-titre, on the contrary, behaved quite differently:
it practically did not change in the freeze-dried sample, while it fell
to half of the original value in the irradiated liquid suspension. The
same applied to antigenicity: only the freeze-dried virus remained
immunogenic on exposure at up to 5-6 Mrad. Baldel1i et al (1964), who
also studied the influence of serial transfers and of irradiation at
different passage levels, found that radiation treatment in the 330th
passage resulted in loss of pathogenic!ty for cattle, while the non-
irradiated contol was still pathogenic at the same passage level. Anti-
genicity was, however, not affected by the irradiation.

Experimental
Material and Method

The 5 irradiations were carried out partly in the Irradiation
Division of PHYLAXIA, using an Sovatora apparatus, with 60co gamma
radiation source 500 krad/h dose rate respectively. The gamma-cell type
equipment was owned by the F. Joliot-Curie Radiobioiogical and Radiation
Health Research institute at Budapest; and partly using the "OCo
irradiation Plant of Phylaxia (10.000 Ci activity) with 400 krad/hour
dose rate.
Virus strains.

Types Aj and C of FMD virus maintained in bovine lingual epithelium
cell culture, were tested in two kinds of medium: swine liquid manure on
the one hand and phosphate buffer solution (PBS) on the other.

The evaluation of virulence tests was hampered by the fact that the
untreated liquid manure did by itself kill part of the mice, owing to
massive contamination with various pathogenic agents. For this reason the
liquid manure used for the dilution of the stock suspension had been
pretreated with 0.8 Mrad, which rendered it sterile and innocuous for
suckling mice. Detection of the virus in irradiated and control samples
was made by administration to 4-6 days old suckling F] mice bred from
Balb/c £ x CBA o parents.
Determination of the CF-titre was carried out by Takatsy's microtitrator
procedure.

Results

The first experiment was performed with type A^ virus. The initial
titre was 105-25 LOJQ/O.I in suckling mice, and the applied radiation
doses were 0.4, 0.8 and 1.2 Mrad.

The virus suspended in liquid manure was still demonstrable after
treatment with 1.2 Mrad, while it completely lost infectivity on a
similar exposure in PBS.

The type C virus tested in the second experiment had an initial
titre of 1CH-25 LDcg/0.1 ml in suckling mice, and the applied odiation
doses were 0.8, 1.2 and 1.5 Mrad.

Infective virus, although at a reduced titre, was still present in



the liquid manure after exposure to 1.5 Mrad, while the PBS-suspended
virus lost infectivity already on treatment with 0.8 Mrad.

Type C virus, having 106.17 L D C Q / 0 . 1 ml initial titre in suckling
mice, was used in the third experiment, too. The radiation doses were
1.5, 1.8 and 2.1 Mrad. No infective virus was demonstrable either in
liquid manure or in PBS after exposure to the lowest dose, but type C
FMD-virus was isolated from one mouse each, which died after treatment
with virus-containing liquid manure irradiated at the 1.8 and 2.1 dose
levels, respectively.

The PBS-diluted samples were also tested for CF titre, which was
scarcely altered even by the highest radiation dose. Experimental
vaccines were then prepared from both irradiated and non-irradiated
batches of FMD-virus, and tested for potency in adult mice, using the
F-index+ method for evaluation. The control lot was inactivated by
treatment with formaline and heat, but no chemical agent was used for
inactivation of the irradiated lots.

The E-index.value was 2.^3 for the vaccine prepared from the
control batch, whereas it was 2.5 and 2.84, respectively, with the
batches irradiated at 1.5 and 2.1 Mrad dose levels.

Discussion

As can be seen from the attached Figure, liquid and freeze-dried
suspensions of FMD-virus behaved dissimilarly on irradiation at various
dose levels. The results obtained in 3 series of experiments are
summarized in the figure and in Tables 1 and 2.

PBS-diluted virus suspensions (Table 1) showed a considerable
decrease of virulence already on exposure to 0.U - 0.8 Mrad, or even a
complete loss of virulence, if the initial titre was low, and 1.2 Mrad
proved to be effective also against nigh concentrations of the virus.

With liquid manure used as diluent (Table 2 ) , a certain protective
effect was noted against the destructive influence of radiation on the
virus: 1.2 Mrad produced only a minimal depression of the virulence of
liquid manure diluted virus, even if the initial titre was low. Doses of
1.8 Mrad and above had, however, a deleterious effect also on high
concentrations but -unlike the PBS-diluted lot- residual virulence was
still demonstrable in several samples. The irregularity of residual
virulence was in all probability due to the inhomogeneity of the liquid
manure viz. to the presence of contaminating substances in it.

The CF-activity of the virus suspensions was less afected by
irradiation, than their infectivity.

Evaluation of the potency of experimental vaccines prepared from the
irradiated and non-irradiated batches of FMD-virus indicated that the
applied irradiation doses did not significantly depress immunogenicity.

mouse in hungarian = j[ger

note of the editor: no figure was included in the manuscript



Table 1

DEATH RATE {%) AMONG MICE TREATED WITH FMD-V1RUS SUSPENSIONS DILUTED

IN PBS EXPOSED TO DIFFERENT RADIATION DOSES

IUx/o.l ml

102

103

10*

10*

to6

o.k

25
100

0.8

0

0

12,5

100

M r a d
1.2

0

0

0

0

1.5
0

0

0

0

0

1.8

0

0

0

2.1

0

0

0

Remark

Diluted

in PBS

Infective units in. suckling mouse

Table 2

DEATH RATE {%) AMONG MICE TREATED WITH FMD-VIRUS SUSPENSIONS DILUTED

IN MANURE EXPOSED TO DIFFERENT RADIATION DOSES

IUx/0.1 ml

102

103

10*

105

106

0.4

100

100

0.8

0

100

100

100

100

M r a d
1.2

0

100

100

100

100

1.5

25
57
57

0

0

1.8

0

0

0

33

2.1

0

33

0

33

Remark

Diluted

In manure

Infective units in suckling mouse


