10

TREATMENT OF VIRUS SUSPENSIONS WITH
TRICHLOROTRIFLUORETHANE FOR THE PRODUCTION
OF FOOT-AND-MOUTH DISEASE VACCINE
ON AN INDUSTRIAL SCALE

G.C. DARSIE!, R.G. CUNHA? I. GOMES'

'Pan-American Foot-and-Mouth Disease Center (PAHO/WHO)
P.O. Box 589, 20001-970 Rio de Janeiro, RJ, Brazil
fFaculdade de Veterinaria, Universidade Federal Fluminense
Rua Vital Brazil Filho, 64, 24220 Niterdi, RJ, Brazil

Summary. Suspensions of foot-and-mouth disease virus were treated on an industrial scale with
1% viv of trichlorotrifluorethane (TTE) or chioroform to determine the viability of TTE as an
aiternative agent for the partial purification of vaccine antigens. The suspensions treated with
chloroform showed an average reduction of 50.4% of the total protein content, while the
suspensions treated with TTE showed a reduction of 33.4%. The vaccines formulated with the
antigens treated with either of the two solvents did not present significant differences in the
induction of immunity when assessed by the expected percentage of protection (EPP) of young
cattle vaccinated for the first time. No disadvantages were noted in handling the TTE, nor were

there any undersirable postvaccination reactions.

The foot-and-mouth disease (FMD) virus is
arepresentative of the Picornaviridae family, whose
seven serotypes compose the Aphthovirus genus. Its
virion is formed of a simple ribonucleic acid chain
coated by a lipid-free protein capsid (3) which
renders it resistant to organic solvents like chloro-
form (26) and the fluorocarbons (/6).

FMD vaccines, applied jointly with other
measures, have been crucial in the fight to control
the disease. The antigens are produced fromin vitro
cell cultures in which the virus replicates. Dueto the
lysogenic characteristic of its replication cycle, the
virus, at the end of the culture, kills the cells
releasing large amounts of cell proteins, lipids and
other components into the medium, which if not
removed, are incorporated as antigens into the
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vaccine. For this reason, it is commom practice to
partially purify viral suspensions using 1% chloro-
form, by shaking or using a homogenizer, followed
by clarification and filtration or continuous cen-
trifiigation (7).

Although efficacious, the use of chloroform
poses a problem due to the turbidity of suspensions
obtained from cell cultures that utilize bovine serum
treated with polyethyleneglycol (PEG) (/); also
undesirable is the wear it causes in equipment, the
risks of accidents due to acute intoxication and the
growing difficulties encountered in acquiring chlo-
roform in some countries because of its illegal use
as a drug purifier.

The search for a solvent to replace chloro-
form as a purifying agent in production of viral
suspensions on an industrial scale revealed the
possibility of using trichlorotrifluorethane (TTE).
No references related to the stability of the antigens
during storage were found, nor that of the oil-



adjuvanted vaccines produced with those antigens
or about the possible occurrence of undesirable
postvaccination reactions in cattle.

This study presents the results obtained in
the comparison of TTE with chloroform, plus those
related to the significant reduction of the concentra-
tion used.

MATERIALS AND METHODS

Nine monovalent suspensions each of 300
liters of volume were prepared as part of the routine
antigen production at the Vaccine Production Plant
of The Pan American Foot-and-Mouth Disease
Center. Five suspensions were O, Campos-Br/58
strain(OCAM); twowere A,, Cruzeiro-Br/55 strain
(ACRU), one was A-79 Venceslau-Br/76 strain
(AVEN); and one was C, Indaial-Br/71 strain
(CIND).

BHK, C13 cells were cultivated in 120 to
600 litre tanks. Eagles medium containing 8%
PEG-treated cattle serum, sterilized by filtration in
" a0.22 um cartridge (8) was used. After sedimenta-
. tion of the cells, the virus growth medium was

added. Those cultures intended for production in
roller bottles were diluted to a concentration of 0.2
x 10¢cell/mlin Eagles medium plus 8% of untreated
serum, and the medium was drawn offafter 72 hours
of growth.

The cell cultures were inoculated with virus
seeds at a rafe of 0.02-0.06 infective viral particles
per cell in serum-free Eagle medium containing a
final concentration of 30% of 0.2M Tris-
hydroximethylaminomethane solution.

At the end of virus replication, the suspen-
sions were chilled at4 °C. Volumes of 10 liters were
treated with 1% of chloroform using magnetic bar
agitation in glass vessels for 30 minutes. The re-
mainder was treated with 1% TTE using a closed
circuit homogenizer, at 3500 rpm for one hour.
After 18 hours of standing at 4°C all of the super-
natants were centrifuged at 7680 g.

Virus suspensions were inactivated with bi-
nary ethylenimine (6) at a final concentration of
3mM for 24 hours at 26 °C. The inactivant was
hydrolyzed with 1M sodium thiosulfate just before
the antigens were processed further.
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During production the entire process was
controlled by routine biological and physicochemi-
cal assays (/4). In order to evaluate the efficiency of
the treatments, the total protein content of some
suspensions was determined prior to addition of the
solvent and after clarification (9).

Eighteen paired vaccines were prepared with
the nine monovalent antigens treated with TTE or
chloroform, for tests of potency, innocuity, and
antigenic stability after 300 days’ storage at 4 °C.
Volumes of two monovalent OCAM antigens and of
two monovalent ACRU antigens were stored for
240 days at 4 °C and, after that period, eight pairs
of vaccines were produced for potency testing.

All the vaccines were formulated with
Freund’s incomplete adjuvant (2,15) as per meth-
odology described by Abaracén et al (2).

The influence of the treatments on immuno-
genicity was assessed by means of the expected
percentage of protection (EPP) test, based on the
indices of antibodies in the serum of primovaccinated
cattle as determined by seroprotection in suckling
mice or serum neutralization in cell culture (24, 28).

All the results were analysed statistically by
means of the Tukey test or by variance analysis with
P>0.05 (24, 28).

RESULTS

This study presents the findings referring to
the action of TTE asan agent for partial purification
in comparison with chloroform. Table 1 presents
the results regarding partial purification of the
suspensions under study.

TABLE 1. Teotal protein content (mg/ml) in viral
suspensionestreated with 1% oftrichlorotrifluorethane
(TTE) or chloroform (CLO).

Total proteins (mg/ml) % Reduction

Suspension Untreated TTE CLO TTE CLO
A 0,41 0,28 0,20 31,7 51,2
B 035 0,23 0,18 343 486
C 0,45 030 0,22 340 51,5
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These values indicate that there was an aver-
age total protein content of 33.4% in the suspen-
sions treated with TTE and 50.4% in those treated
with cloroform; this difference is statistically sig-
nificant.

Table 2 shows the results obtained with the
18 paired vaccines tested immediately following
their production (0 DPP).

TABLE 2. Values of the lower limit of reliability of ex-
pected percentage of protection (EPP) achieved by the
vaccines formulated with recently produced antigens (zero
DPP), treated with trichlorotrifluorethane (TTE) or chlo-
roform (CLO).

EPP "ZERO" DPP

Vaccines

TTE CLO
ocAM' 1599 78,7 87,5
OCAM 1602 91,3 93,0
OCAM 1605 85,0 84,6
OCAM 1606 89,6 86,8
OCAM 1607 96,1 95,6
ACRU 1613 83,2 88,4
ACRU 1622 96,4 94,6
AVEN 1604 843 90,8
CIND 1603 98,5 99,0

‘OCAM-01 Campos-Br/58; ACRU-A24 Cruzeiro-Br/SS;
AVEN-A-79 Venceslau-Br/76;, CIND-C3 Indaial-Br/71.

It can be seen that the immunogenic re-
sponses very slightly with the treatment but does not
indicate a predominant influence of the treatments.
The results shown in Table 3 for the eight vaccines
stored at4 °C for 300 days (300 DPP) show a similar
relationship between the two treatments although
there is an overall drop in immune response with
respect to the data obtained with Zero DPP.

The results for the vaccines produced with
the antigens stored at 4 °C for 240 days (240 DPP)
also indicate a decline in the immune response
(Table 4) with respect to zero DPP, although with
less intensity than the results noted at 300 DPP.

The variance analysis applied to the results
reveal significant differences in the EPPs found in
the various times studied, as well as among the
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TABLE 3. Values of the lower limit of reliability of ex-
pected percentage of protection (EPP) reached by vac-
cines stored at 4 °C for 300 days post-production (300
DPP), with antigens treated with trichlorotrifiuorethane

(TTE) or chloroform (CLO).
EPP 300 DPP
Vaccines

TTE CLO
OCAM® 1599 67,5 65,6
OCAM 1602 81,5 83,3
ACRU 1613 80,5 83,9
ACRU 1622 82,4 86,1

*OCAM-01 Campos-Br/58; ACRU-A24 Cruzeiro-Br/5S.

strains utilized. There was no significant difference
between the immune responses induced by the
vaccines formulated with antigens treated with
TTE or chloroform.

622 calves were vaccinated in the experi-
ment and in no case were undesirable postvaccina-
tion reactions noticed.

In practice, it was noted that there was a
reduction in the time required to sediment cell
debris and that no turbidity occurred in the suspen-
sions treated with TTE, as compared to those treated
with chloroform. Nor were any disadvantages no-
ticed with regard to their handling, such as toxic
odors or damage to the equipment.

Table 4. Values of the lower limit of reliability of expected
percentage of protection (EPP) reseached by vaccines
formulated with antigens treated with
trichlorotrifluorethane (TTE) or chloroform (CLO) and
stored at 4 °C for 240 days post-production (240 DPP).

EPP 240 DPP

Vaccines
TTE CLO
OCAM"™ 1599 77,8 89,0
OCAM 1602 79,1 79.9
ACRU 1613 80,4 80,9
ACRU 1622 90,0 83,0

*OCAM-0O1 Campos-Br/58; ACRU-A24 Cruzeiro-Br/55.



DISCUSSION

This study found an average reduction of 33.4%
of the protein content in FMD virus suspensions
when they were treated with only 1% TTE in a
single cycle. The bibliography consulted revealed
information on the high degree of purification of
viral suspensions which could be achieved, but by
using up to 50% of chlorofluorocarbons (/6), and a
high number of cycles of solvent treatment and
centrifugation (/4). The excellent performance de-
scribzd can be attributed to the mixing process using
a high potency homogenizer that provided better
solvent dispersion and interaction. It should be
noted that Manson et al. (23) obtained similar
results in studies with poliovirus after two cycles at
a proportion of 50%.

The use of liquid fluorocarbons in virus
preparations began with Gessler (16), who purified
smallpox and Rous sarcoma virus suspensions.
Other procedures were developed to purify polio-
myelitis virus, adenovirusand T5 coliphage (23), to
eliminate anticomplementary factors of Coxsackie
(18) and poliomyelitis viruses (20), and for the
dissociation of complexes formed by poliomyelitis
virus and antibodies (/9).

TTE is a colorless, nonflammable, liquid
chlorofluorocarbon, with a low degree of toxicity,
utilized in the electronic industry as a cleaning
agent for high-tech components. There are refer-
ences about its use in the purification of FMD virus
for electronic microscopic identification of viral
particles (5), as well as in studies of complement
fixation activity (25), the dissociation of virus-
antibody complexes (29,31), purification for con-
centration by PEG (13), and for the production of
vaccines of different types (4,10,14,21,22,27).

The TTE showed a single disadvantage in
comparison with the treatment using chloroform,
namely a reduction in the level of protein removal
although this situation can be lessened or even
reversed by using a greater proportion of TTE or a
larger number of treatment cycles. With respect to
the immune response induced by the vaccines tested,

the results indicate that there was no diminution of

the antigenic capacity of the suspensions treated
with TTE as compared to those treated with chlozo-
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form. This confirms the findings of other authors
(10,14,22,27), and reaffirms the possibility of TTE
being used as an alternative in the industrial treat-
ment of FMD virus suspensions.
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