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DALSGAARD, K. and E. OVERBY: Vaccination of pigs against hog 
cholera ( cla,ssical swine fever) with a detergent splzt vaccine. Acta 
vet. scand. 19,76, 17, 4165--474. - Four pigs were inoculated sub
cutaneously with a detergent (triton X 100) sp1it hog cholera virus in 
Freund's incomplete adjuvant. Four other pigs were in the same way 
inocula1ed with a detergent split bovine viral diarrhoea virus, also 
in Freund's incom.J?lete adjuvant. In the experiment were used 3 con
trol pigs. The vaccmations were repeated after ,3 weeks. All p·igs were 
challenged wi1th highly vi·rulen1 hog cholera virus (Tiibingen) 12 
weeks after primary inoculations. Signs of hog cholera were only 
noted in the control pigs. 

Thios introductory experiment was succeeded hY. a larger experi
ment wi.th subcutaneous inoculations of: 1-0 pigs with detergent split 
hog cholera virus in Freund's incomplete adjuvant, 1-0 pigs with deter
gent split hog cholera virus in a saponin (Quil A) solution, 10 pigs 
with d'Ctergent split bovine viral diarrhoea virus in Freund's incom
plete adjuvant, 10 pigs with detergent spldt bovine viral diarrhoea 
virus in the Quil A solution plus 5 control pigs. The vaccinations were 
repeated after 3 weeks, and finally all pigs were challenged ·9 weeks 
later with the highly virulent hog cholera virus strain. 

With the exception of 1 animal which died accidentally, all ani
mals survived in the groUJ?S inoculated with the Quil A vaccines and 
in the group inoculated with the detergent split hog chole·ra virus/ oil 
adjuvant vaccine. In the grou:P. inoculated with the d·etergent split 
boviine viral di1arrhoea virus/ 011 adjuvant vaccine, some of the pigs 
died of hog cholera. 

hog choler a; detergent s p Ii t vaccine; triton X 1 0 O; 
Quil A. 

Although DeD1D1a'l"k has been free of hog cholera ( cl:assical 
siwi!ne fever) since 1933, iliis di1sease nevertheless poses a1I1 ever 
present th:rreait to the Dani1sh pig population as ithe di:sease is stiH 
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of a major nation-wiid.e impooit:ance on .the European continent 
including the 6 original EEC countries. 

Hog choaera is usually coilltrolled by strict v·eterinairy 1s:afety 
mea:S1Ures including immediiate stamping out of ind:"ooted herds 
(Overby & Schjerning-Thiesen 1973). In some areas viz. Western 
Germany, the Netherlands and F 0rnnce, hQIWever, ·the spread of 
hog cholera, especiioally the moiie suibclinii1oal forms, has been so 
extensive that a vaccination po.Ji'cy has been included (Overby 
1975). 

A considocab.1e number of vaccines against hog cholera has 
been repoc:ted and used for practical control. The 2 major types 
of vaccines are fue i1nactivated and the live attenuated. Among 
the iniaclivated vaccines 2 have been us·ed for control of the dis
ease, e.g. the eirysital vioaet vaooi:ne (Janowski et al. 1959, van 
Bekkum 1966, Jerabek et al. 1970), and the formalin, 
hydroxide vaccine (Gheorghiu et al. 1961, Janowski 1965). None 
of these vaccines, horwever, sieem to be of great vialue (Pilchard 
1967, Corthier et al. 1975). Seveml live aittenuated strain1s have 
been used suroesslfuilly (Bruckner et al. 1962, Aynaud & Asso 
1970, Wachendorfer et al. 1973) ,for the control od:" hog cholera, 
as such va:ccines •a:re ·easy rto handlle and 1they induce high lev·els 
of immunity. The major drawback of using attenuated live 
st.rains is .the introduction of a replicating viTus. Although viTus 
replication is usually kep1t at a minimum, it may in some cases 
give rise to reproductive disorders and through disease in neona
tial pigs or tihrough passages in apparently healthy living pigs the 
vaccine strain may regain pathogenicity (Young 1952, Young et 
al. 1955, Emerson & Delez 1965, Drinne & Clark 1968, Stewart et 
al. 1973, Overby & Eskildsen 1976). However, the vaccines pro
duced on virus cultivated :at low it.empera:tu1re (Launais et al. 
1972, 1974) or in tJi.s,sue oul!llrnre of di1fiferenit species (goat and 
lamb) (Mihaila et al. 1973, Zuffa 1976) are regarded as harm
less in the countries where 1they •aTe used. 

In ,the p•riesent p•aper ·a nerw type od:" vaccine is presented. The 
vaccine is based on di·sruption of hog cholera vi·rus ind:" ooted ceMs 
with 1a detergent. It wa.s pireviously reporrbed (Overby 1973) that 
tihe Danish skain UG 59 of bovine viral diarrhoea vims i·s able 
to protect pig's against hog cholem. A detergent •Spli1t vaccine on 
rthe basis of this virus was therefore i1nC1Luded. 

The possihiHily of large scale production of a nerw vacci111e is 
discussed. 
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MATERIALS AND METHODS 
Animals 

Pigs of the 'Danish landrace were used throughout the experi
ments. At the beginning of each experiment the pigs were about 2 
months of age and weighed about 3-0 kg each. A total of 56 pigs were 
used. 

Preparation of antigens 
Hog cholera virus (HCV) and bovine viral diarrhoea virus (BVDV) 

were grown in monol'ayer cultures in 1 I-roller bottles. HCV was 
grown in primary pig kidney cells, and BVDV in secondary calf 
testis cells. The details of v;irus propagation have been published 
previously (Eskildsen & Overby 1'976·). Two days after infection the 
cells were scraped off and pelleted by low speed centrifugation. The 
medium was discarded. The cell pedlet was treated by an equal volume 
of triton X 100 (Room & Haas), 10 % in 0.01 M Tris/HCL pH 7.5. 
This mixture was sonicated at maximum output for 3 x 30 sec. in an 
ice bath. The mixture was left overnight at 4°C after which the soni
cation was repeated. Thios product was centriofuged at 50,00-0 x g tip 
value for 1 hr. The supernatant was isolated and used for the prepara
tion of vaccines. Innocuity was tested by inoculation of monolayers 
of the respective host cells. 

Preparation of vaccines 
Fifty µI of antigen (HCV or BVDV) were made up to 0.5 ml in 

phosphate buffered saline (PBS) pH 7.6 to constitute 1 antigen dose. 
Two adjuvants were applied: 

1. The saponin adjuvant Quil A (Dalsgaard 1974) was dissolved in 
PBS to a concentration of 2· mg/ml. Equal volumes of antigen and 
adjuvant sOilution were mixed to make a vaccine dose orf 1 ml. 
2. Oil adjuvant, Freund's incomplete, (Freund 1947) was prepared 
by mixing 9 parts of Bayol F (Esso Standard Oil Company, Linden, 
New Jersey) with 1 part of Arlacel A (Atlas Chemical Industries). 
This mixture was ernulsiffod with equal volumes of antigen by .suction 
through a syringe to make a vaccine dose of 1 ml. 

Immunization 
The pigs were vaccinated by subcutaneous injections of 1 ml of the 

respective vaccines. In the first experiment 4 pigs were vaccinated with 
the HCV /oi·l adjuvant vaccine, and 4 other pigs received the BVDV /oil 
adjuvant vaccine. The vaccinatioons were repeated after 3 weeks. 
Three control pigs were included. 

In the second experiment 4 giioups of 10 pigs each were vaccinated 
with the foHowing vaccines respectively: HCV I oil adjuvant, BVDV I oil 
adjuvant, HCV /Quil A adjuvant and BVDV /Quil A adjuvant. Also in 
this case the vaccinations were repeated after 3 weeks, and 5 healthy 
pigs served as controls. 
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Neutralizing antibodies 
Sera were collected from all pigs 1 week before challenge. Serum 

neutralizing antibodies against the tissue cell culture adapted ALD 
strain of HCV were estimated by immunofluorescence plaque technique 
published elsewhere (Aynaud 196·8, Overby 1973). 

Challenge 
All the pigs were subjected to chaHenge 12: weeks after the pri

mary vaccination. The challenge virus was a highly viirulent str•ain of 
HCV (Tiibingen). The virus had been passaged 5 times in pigs by 
inioculation of infectiious blood. For challenge 2 ml of infectious blood 
was given (1 ml i.v. and .1 ml s.c.) to each animal. The body tempera
ture of each animal was recorded daily in the morning. 

RESULTS 
The first ex,perimernt illllC1uded 4 ·animals immunized wirth an 

HCV based vaccine and 4 ainimails immunized with ra BVDV based 
V'a:cciine, both Wlith oil aidjuvanit. A!H animals were resi.s:tant to 
challenge wi.th hiighily virulrent HCV, whereas the 3 control ani
maJ1s all develorped typical .signs of hog cholera and ·evenitua1ly 
died afiter 3-7 d<ay•s. The vaccinarted anima1's showed no cli:nical 
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Fi g u re 1. Temperature curves for 4 group.s of pigs after challenge. 
The gr·oups were vaccinated with the following vaccines: 
A. Hog cholera antigen + O!il 
B. Hog chofora antigen + Quil A 
C. Bovine viral diarrhoea antigen + oil 
D. Bovine viral diarrhoea antigen + Quil A 
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T a b 1 e 1. The reciprocal values of serum neutralizing antibody 
titres, estimated by immunofluorescence plaque technique. 

Vaccine 

HCV /oil adj. vac. 
HCV /Quil A adj. vac. 
BVDV /oil adj. vac. 
BVDV /Quiil A adj. vac. 

• surviving pigs. 

1 week before 
challenge 

2 weeks after 
challenge 

>2048 
>2i048 

1024* 
5112 

symptoms at all. The reciprocal va1lues of serum neutralizing 
antibody titres 1 week befor:e challenge were in :the range oif 2-8. 

The tliitres found in rthe s.eoorul experiment aire liisrted in T·abLe 
1. The body temperatures of ·the •animal1s are shoiwn in Flirg. 1. It 
can be seen 1that all the animals receiving a vaccine based on HCV 
anrtigen l'esis,ted the chail1lenge ill"respootive of the adjuvant used. 
The pigs show,ed no ·ris·e 1aind no clinicial symprtoms 
at aM. The giroup of pigs wirtl1 the BVD/oil aidjuvanit 
vaccine showed clinical symptoms of hog cholera. Three pigs re
covered comrpl·etely aiftrer having 1shown 1a hi1gh fompera!IJurre ris.e 
for 3 days, but 5 pigs eventually died. Post-modem ex•amination 
showed typical hog cholera les:io1rus. The group of pigs immunized 
wi1th the BVDV /Qui:l A 1adjuV'ant vaccine 1showed iniiitia1l fever, 
but all .the animal·s recovered comrp1letely. The 5 control pigs died 
af1ter 4-7 days and showed typical hog cholem 

Iin the of pigs rooeiving HCV /oil ·adjuvant vaccine 1 
aniimal had to be sacrificed befor:e cha11enrge. In the group of pigs 
·recei·ving BVDV /oil adjuvant vaiooine 2 of the pigs were lost 
during the immuniziatiOlll period. For one of thes·e post-mortem 
examination indicated a thrombosis to be the cause of death, and 
on the basi.s olf the pathollogicail fiindii111igs deaith 1f.rom hog cholera 
oould be completely excluded. In the case of the other one a leg 
was seriously damaged in the fence so the animal had to be killed 
bef orie challenge. 

All the difforenrt vaoci:ne prrerp•amtions were well tolerated by 
the pigs, no sys.temic effoots or locall reacti0111s were observed. 

DISCUSSION 
The possibility of prl'eprarin.g efifectivie vaccines agains1t a num

ber of enveloped virusies by tireatment wiith debevgeints has been 
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demonstrated and reported in the lirterature. Appleyard (1976) 
used ithi'S '81J>proach for the preparwtion of •an influenza subunirt 
vaccine. Hog cholera virus has been clasisilfi.ed as an animal .toga
vi,rus (Horzinek 1973), and detocgent ·split viaccines againsrt other 
members of this group have a1so been reported. Good resua.ts in 
the protec:tfon against Semfild forest vims (Kiiiiriiiinen et al. 
1969) haive been observed, and a promismg vaooine against ru
bella viro.s hais r,ecentJly been presenrted (Cappel & Cuyper 1976). 

When .rabies wais inaeti.Jvated (Atanasiu et al. 1974) with tri
ton X 100 a glyooprotein, with ·a high degriee of purirty, was re
leased. It induced neutralizing antibodies upon injection of rab
bits with as small amounts as 10-50 p.g. 

In the present paper evidence has been that the 
treatment of HCV infected cel1s with the .detergent may be used 
alSIO for the prep·arntiion of a vaiccine against hog cholera. 

The use of infecl:ed cell material for the ,prepai'lation of a 
detergent ,sp1i.t v·aooine has rto our kno!Wlledge mot been published 
before. Usually inrfeeted and/or precipirtaited medium or purified 
vinos has heen used. In case of hog choleria, however, the yield of 
vims in the tissue cuiliture medium iis v·ery low (105-6 PFU) oom
pared .to other vi•r.uses. Durilll'g our srtudies on rthe i.sola1ion of a 
common glycoprotiein of the HCV /BVDV vin11ses (Dalsgaard 
1976) irt was diisoovered that laxge quantirties of immunopi'e
cirpi:ta.Mng 'antigens OO'llld he i·soliated from iirnfooted cells by triton 
X 100. The infected cefils were harvesrted olllly 48 hl"'s. aifter infec
tion. Ail: rthis time of virus replicaition most of the virus i•s strn 
within the cells. The .release of v-irus to rthe medium usually 
occurs with!in 4-5 days. 

From a practical poi1llt of vi.ew the most interesting resllllt of 
this irnrves.tigation is 1thart .th.e •application of only 100 ttl of HCV 
antigen given as 2 .i,njootions resulted in complete protect!ion of 
the pigs. 

An ·attractive approach wouild ·be to make ,the vaccine on 1the 
bas!i.1s of BVDV, but in the second experimenrt of the present in
vestigation the protection was only partial. This may be a quanti
tative phenomenon, but previous results (Volenec et al. 1972, 
Dalsgaard & Overby 1976) have indicated that BVDV may well 
prime the immune system for a recognition of HCV antigen, but 
a true anamnestic response is not obtained. This mechanism is in 
good agreement with the finding that the saponin adjuvant Qui.I 
A was more effective than oil. It has recently been demonstrated 
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that Quil A possibly has an enhancing effect on B-lymphocyte 
stimulation (Ebbesen et al. 1976). 

In this pap·er the innocuirly of the HCV1based vacoinewas tes·ted 
by iI110CUl·ation of :ti·ssue culJtur:es. The h1:nocuity was .fur.thermo.re 
confirmed by the fact .that none of the pigs reacted to the vac
ci1I11a:tiicm. As an ex.tra S:aifety measure the detel'lgent :treaitment 
could be followed by use of acetylethyleneimine (AEI) (Brown 

1963). Such experiments U1sing HCV grown in PK 15 cehl1s are 
planned. The serum nellltmlizing arubiibodies obtained 1 week be
fore challenge are all at siuch low V'alues that the possibility of 
cell mediated immunity may have .to be considered. 
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SAMMENDRAG 
Vaccination mod klassisk svinepest med en detergent-behandlet 

vaccine. 
Fire grise blev inj.iceret subkutant med detergerut (triton X 100)

behandlet svinepest-virus i Freun:ds in:komplette adjuvant, og 4 grise 
blev tilsvarende injiceret med detergen.t-behandlet bovint virusdiarr
hoe-virus, ogsa i Freunds inkompletite adjuvant. Der 3 kontrol
grise i forsjllget. Vaccinationerne b1ev gentaget efter 3 ugers forljllb. 
A1le grise blev ud·sat for hjlljvirulent svinepest-virus (Tiibingen) 12 
uger ef.ter fjllrste vaccination. Kun kontrolgrisene udviklede sympto
mer pa svinepest. 

DetJte introduktion.sforsjllg blev efteirfuigt af et stjllrr.e forsjll·g med 
subkutan injektion af: 10 grise med et detergent-behandlet svinepest
vims i Freunds inkomplette adjuvant, 1-0 grise med et detergent-be
hand:let svinepest-virus i en saponin (Quil A)-opljll·sning, 10 grise med 
et detergent-behandlet bovint virusdiarrhoe-v:irus i olie-adjuvanten, 
10 grise med et detergent-behandlet bovint virusdiarrhoe-virus i Quil 
A-opljllsningen; der var 5 kontrol1grise. Vaccinationerne blev gentaget 
efter 3 ugers forljllb, og a1le grise blev udsat for hjlljvirulent svinepest
virus 9 uger senere. 

Med undtagelse af 1 dyr, som djllde acoidentelt, overlevede samt
Uge dyr i de grupper, der var inj.iceret med Quil A-vaccinerne, og i 
gruppen, der var injiceret med det·ergent-behandlet svinepest-virus/ 
olie-adjuvant vaccine. I gruppen, der var injiceret med detergent-be
handfot bovint virusdiarrhoe-V!irus/ olie-adjuvant vaccine, var der 
djlldsfa1d, som skyldtes svinepest. 
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