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DlTRODUCTIOM 

Itog cholera, described by Hagan and Bruner (31) as an acute, 

highly contagious disease, caused by a .filterable virus, hu 

claimed the attention of research workers for many years because 

of its wide distribution, its great economic importance, and its 

scientific interest. Salmon (54) reported that the first out-

break of hog cholera in the United. States probably occurred in 

Ohio in 1833 and that it seemed reasonably certain the disease 

was imported !'rom Europe. The disease is now widespread in the 

United States. It appears each year, and in some years its eftect 

has been devastating to the swine industry-. Jlohler, Wight, llac-

Keller, and Bishopp (48) estimated that, as of January 1, 1942, 

the annual loss in the United States from hog cholera is twelve 

and one-half million dolla.."'"S. Hutyra, Marek, and Uanninger (37) 

state that hog cholera now occurs in al.moot all European countries, 

as wll as in Africa, Australia, China, a.."ld Japan. 

Naturally, with a disease of such world-wide economic importance, 

the majority of investigations dealing with it have been attempts 

to produce effective means or control and prevention. For mal1iT 

years, control and prevention of hog cholera have been based on 

the immunization of swine by the simultaneous injection of virulent 

virus and anti-hog cholera serum. This method is effective, but, 

since the active, disease-producing agent is empl079d, :foci ot 

infections have been maintained. For this reason, and eapeciall.7 

because the immunizing materials have been used by many persons 

unm1nd.rul of the danger associated with the use of a live virus, 
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hog cholera haa remained a major disease problem for the swine 

industry,. 

The need for an imunizing agent that affords adequate pro-

tection, but is at the same tirna incapable of spreading the disease, 

has long been recognized. The development of Boynton Tissue Vaccine 

(B. T. V.) and c!j·sta.1..-violet vaccine resulted f'rom efforts to meet 

this need.. The virus in t.~eae tv;o products was attenuated by means 

or chemical treatment,. Because of certain inherent limitations, 

these vacci.."leS have not been entirely sst..iafactory, alt.l:lough the 

haaards associated with the use of a virulent virus are avoided. 

other met.11ods of attenuation studied prior to 1946 had resulted in 

.failure to produce an a.virulent, antigenic virus. Certain lines o! 

approach, however, to the problem of producing a satisfactory hog 

cholera vaccine remained unexplored or only partially investigated1 

modification or adaptation to an abnormal host, ultraviolet irradi-

ation, and inactivation by other chemicals. 

Certain viruses have been adapted to animals other than t..i.e 

so-called normal host. In some instances the adapted virus became 

modified in pa.tbogenicity for its host but retained its immunizing 

potency. Dakar's (3) successful adaptation, bj'I an alternate pass~e 

technique, of the rinderpeat virus to rabbits suggested t.'lat the hog 

cholera virus might also be adapted to rabbits. Both virusea are 

highly host-specific, and, in the case ot the hog cholera virus, 

attempts to infect animals other than the pig failed. The alternate 

pass~e technique opened another avenue :tn endeavors to produce an 

attenuated live hog cholera virus or great immunizing possibilities. 
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The inactivation of certain viruses b7 ultraviolet light has 

been accomplished by many workers. In some oases the virulence or 
the virus was destroyed, but the attenuated virus remained antigen.ic. 

The effect of ultraviolat irradiation on tho hog cholera virus has 

not been studied, al though it offered a possibility of attenuation 

wl thout loss of immunizing potency. U such treatment resulted in 

the production of an a.virulent virus, the nethod would be capable or 
wide-spread application. 

The development of certain nitrogen mustards and studies of their 

effects suggested that these agents might also offer a. means ot 

attenuating the hog cholera virus. Tenbroeck and Herriott {57) 

reported the results of their study or the effect of a mustard 

{Bis (B-chloroethyl) Sulfide) on several viruses, including the 

hog cholera virus. They found that 18 of 23 pigs injected with a 

mustard-treated hog cholera virus showed some :immunity. This brief 

report le!t many questions unannered, but it def'ini tely indicated 

that this line of investigation should be extended. 

Since these ttree methods of studying the hog cholera virus 

seemed in need of tu.rt.her exploration, the work reported in this 

thesis consisted of efforts to modify or attenuate the virus by 

adaptation to the ratbit, by ultraviolet irradiation, and by treat-

ment with nitrogen mustard. The ultimate em in view was, of course, 

the production of a satisfactory immunizing product without the 

limitations associated with the use of a virulent virus. 

After !ormulation or plans for this investigation, papers by 

Baker (4) and Koprowski, James, and Cox (42) appeared on the subject. 



ll 

ot pueage ot tlie hog cholera virua to rabbits. The finding• ot 

these workers differed in several respects, and it became awn more 

important that the question or rabbit adaptation or the 'ri.rua be 

turther ·investigated. The intluence on the results or the •train ot 

rlru• used and the •tock ot rabbit employ9d nre among the quaation• 

tO be settled. The attempt reported in this theeia to adapt the hog 

cholera rlrua to rabbit• tailed, and.1 becauBe ot their great interest 

in the .Ubject, the reaul ts were made · available to other workers. 

Si.Doe the completion of thie phue or the innatigation, the ettorts 

of other workers have been concentrated on the strain or virus found 

to be adaptable, mid a lapinized vaccine is now being extenalvel1' 

studied. ln.traviolet irradiation failed to produce the desired 

results, but treatment or the virus 111.tb a nitrogen llU8tard did 

result in attenuation lrl thOl.lt loss or 1mmising potency. A vaccine 

prep_.ed by such a method should be atudied in great detail in order 

to deteraine its merit, tor the production of a non-virulent, anti-

genic virus is only the ti.rat atep in the develoinent ot a desirable 

vaccine. 
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REVIEW OF LITERATURE 

Kost of the e a.rly studies of the nature of hog cholera were 

made by members of the United States Department of Agriculture. 

The impetus for the work came from the demands of the swine industry 

that such studies be carried out to determine its cause and appropriate 

methods of prevention. The cause of hog cholera was first incorrectly 

attributed by Salmon and Smith (53) to a mioro8rganism now known as 

Salmonella choleraesuis (6). This organism was described by them 

as fatal to pigs, rabbits, guinea pigs, mice, and pigeons. Pigs 

would succumb to infection when the organisms were placed on their 

teed, or when they conswned the internal organs 0£ swine dead from 

the disease. The role of Salmonella choleraesuis was questioned, how-

ever, when it failed to immunize pigs against hog cholera. Further 

doubt of the role of the Salmonella eholeraesuis as a cause of hog 

cholera was raised when DaSchweinitz and Dorset (20) found that cer-

tain 011tbreaks of hog cholera occurred in which it was not the causative 

agent. These workers were able to transmit the disease by inoculation 

into healthy pigs of body fluids that had been freed of bacteria by 

filtration through porcelain filters. They concluded that all acute 

outbreaks were caused by some agent other than the hog cholera bacillus 

and that, in the chronic fon:i of the dinease, a mixed in.fectinn was 

present. McClintock, Boxmeyer, and Siffer (46) soon confirmed the 

work of DeSchweinita and Dorset when they were able to produce the 

disease with bacteria-free filtrates prepared from tissues taken 

f'rOlll hogs sick with cholera. They were also able to i.'11lllUllize hogs 

by the simultaneous injection of blood from sick hogs and blood tro:m 
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hogs recovered from the disease. Dorset, Bolton, and UoBryde (21) 

concluded frOl'll extensive studies that pure cultures of Salmonella 

choleraesuis produced only slight disturbances when injected subcu-

taneously', but that intravenous injections or feeding o.f the organisms 

often produced a severe illness. They found, moreover, that the illness 

produced by the organisms did not have the contagiousness of hog cholera 

ai1d that hogs recovering from such illness were not immune to that 

disease. These workers also demonstrated that bacteria-free blood 

serwn from affected hogs would regularly produce illness that pos-

sessed all the characteristics of the natural disease. Dorset, Mc-

Bryde, and Niles (22) demonstrated that blood serum from immune hogs 

would protect non-immune hogs from an otherwise fatal dose of disease-

producing blood. Confirmation of the early reports that the Salmonella 

choleraesuis did not pass the Pasteur-Cha..'?lberla."ld filters F and B and 

certain Berkefeld :filters was furnished by lfoBrtJde (44). He concluded 

from his studios that hog cholera was due to an ultra-visible virus 

sufficiently small to pass the pores of the filters used in the experi-

ments. 

The demonstrati::>n that hog cholera was caused by a. virus and that 

immunization or pigs could successfully be accomplished by the simul-

taneous injections or imune serum. and virus led to many studies of the 

efficacy or this immunizing procedure. The report of Dorset and Hess 

(23) is typical or many reports that appeared in the years immediately 

following the demonstration of the protective value or immune serum. 

These workers reported that of 234,136 hogs vaccinated, or which 36.5 



per cont were sick at the ti.ma of treatment, a loss of only 13.l 

per cent occurred. In 191 208 hogs vaccinated in uninfected herds 

only 49 pigs died. The use of the seru.m-virus mat.hod ot immunizing 

hogs against hog cholera devslopad to enormous proportions. Silll!ll8' 

(~5) report for the year 1949 shows the extent of use of this method. 

During 19.49 the Bureaa of Animal Industry- suparvised the production 

of approximately' one and one-quarter billion cubic oentl.metere of the 

anti-hog cholera serum and approximately ninety-one million cubic 

centimeters of blood virus. This amount of virus, administered with 

the appropriate amounts of serum, was sufficient tor immunizing forty-

fh?e million pigs weighing f'orty pound.a each. 

That the sortl!:l-virue l'llOthod of imuniz:lng against hog cholera. 

obtained wide acceptance a.a the most effective means available of 

aontrolling the disease is indicated by the extant of its use. The 

method has its limitations, however, and Birch (7) summarized its 

contra-indications aa follows: 1) in instances in which it cannot be 

applied by experienced men, 2) in a herd in which all animals cannot 

be innunized simultaneously, 3) in a herd in which treated animals 

cmnot be properly segregated, 4) in suckling piga, 5) in sows about 

to farrow, 6) in badly infected herds, and 7) in animals with a lowered 

resistance from any cause. The absence of immunizing agents with the 

offoctiveness of the serum-virus method and without its limitations 

was, in a great measure, responsible for the extensive use of the 

serum-virus method. The lack of other ie:mnizing agents was due 

pr:L"1arily to inability to find a succe.ss.ful method of attenuating 



the virus. lEoBryde and Cole (45} reviewed the failure or efforts to 

prepare llog cholera vacoirrrn by the use or attenuating agents. Among 

the materials unS\\Ocass!ully tried were formalin, ammonia, chloroform, 

gl;;tcarin, and phenol. Gra.'la.>U (28) had vecy early found th&;t heat oould 

not be used to produce an att-enuated virus capable of immunizing pigs. 

In spite of repeated failures to attenuate the virus, the need ror an 

effective avirulent vaccine led to cont:\nuad efforts to attenuate the 

virua, and in 193J Boynton (8) rep3rted the production of a successful 

vaccine. He i.'1activated the virus by treating it with oucalyptus oil. 

The lymph glando 1 spleen, and red bone marrow \Jere employed in pre-

paring the tissue vaccine, which ca.".RB to be known as Boynton Tissue 

Vaccine, or si.l.'lply B.T.V. Boynton (9) later reported on the use ot 

the tissue vaccine in 2,600 pigs in which adequate protection was 

prOO.uced. By 1938 he was able to field-test tl1e tissue vaccine exten-

sively in thirty herds totalling 15,12$ pigs (10). A negative rooord 

of hog cholera was obtained in these herds subsequent to use ot tissue 

vaccine. B.T.V. was sholm by Boynton, Woods, Viood, and Casselberry (11) 

to provide a satisfactory immunity for approximately twelve months when 

administered to healthy pigs, but pigs harboring bacterial infections 

at the time or vaccination either failed to develop a solid immunity 

or developed concurrent infection .. 

Shortly after the appcara.."lce of Boynton Tissue Vaccine, !.1cBryde 

and Cole (45) desoril.Jed a vaccL11e prepared lr.i treating virus-containing 

tissue with crystal-violet dye. Sixty-three lots of vaccine were pre-

pare"'~ and tested on 271 pigs. Better th&"l 98 par cent were adequately 

protected with the vaccine. The inadequacy or the early crystal-violet 
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vaccine waa shown, honwr, by )(unce (S'O), who noted that onlJ' 6).S 

per cent of vaccinated piga remained 11'811 when exposed to the "firu•· 
Arter further studies, Cole and llcllryde (14) damonstrated that the 

crystal-violet vaccine would protect, for at least eight months, 89 

por cent or pigs vaccinated at eight weeks or age and that the vaccine 

itselt was incapable or spreading the disease. A still later report, 

by Cole and Henley ( 16) aho119d that vaccinated pigs 11ere protected 

against hog cholera for at least a year. They also demonstrated that 

if anti-hog cholera serum ia administered simultaneously rlth the 

vaccine, or if the vaccine is administered within four weeks atter 

serum treatment, it is ineffective. Potency of vaccine could not be 

related to strain or virus, virtllence ot TI.rue, or the amount given 

to a pig whose tissues furnished material tor preparation ot the 

vaccine. Oola and Henley (17) contirmed their earlier work when thq 

found that the crystal-violet vaccine did not interfere rlth the action 

ot serum but that the serum consistently interfered w1 th the imunogenic 

ability of' the vaccine. 

Both the crystal-violet and B.T.V. vaccines have been used rather 

extensively, in spite or their specific limitations. The extent 1#o 

which these vaccines are used can be seen from a recent report by 

Si.Jllls (S'5). During the fiacal year 1949, aPPrOXimately eleven million 

-cubic centimeters or hog cholera vaccine were produced in establishments 

licensed by the Bureau of Ani."1181. Industry. 

Eucalyptus oil and crystal-violet dye were the first chemical 

agents used that attenuated the virus without causing a complete loes 

of immunising properties. '?he other chemical agents used either 
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failed t.o reduoe the vL-u1ence or the virus or degtroyed its immunizing 

p,,1wers. Recently, ho\fevcir, Tenbroek and Herriott (!57) roDorted inacti-

vat:ton of se*voral ~;iru.nes, Lvicludtng the hor,; cholera virus, with nitrogen 

mustard. These workers inoculated 23 pigs with hog c!'lolera virus 1n 

the £orm of both sera. and orga.'1 suspensions that had been treated with 

a mustard. Challenge by pen ex11.::>sure was done threo mleka after the 

inooulatlona. Two of t.he vaccinated pigs died from causes other than 

hog ch.,lera, and J died from cholera. Tha remaining 18 ehowed some 

immunit-.r 1 but all develo!')6d so;ue symptoms of hog cholera. Thia appears 

to be evidence that a third ty·pe of chem.foal a.gent is capable or 

attenuating tho virus without total destruction or L"nmu.nizing potency. 

~".l'ese workers alDo obtained evidence that mustard-inactivated equine 

enoepha1omyeli.tis and rabtes virus t'fere imnr.:tnogenic. 

Among the early studies of tha saru.l'fl-virus method of immttnizing 

pigs against hog cholera were u.111Jnccasrrrul attempts to pass the virus 

to an1'11als other t.han Si'1:tne. These studies were cond11cted in efforts 

either to attonuata u-.c vt .... ""115 or to find aome means of producing large 

amount.s of :hmnune sorum. Inconclusive &."ld non-re?eatable results l'tere 

obtained by King (ho) and King and Wilson (41) when pas5age of the 

virus through sheep and horses was attempted. Craig (18) was u.111mo-

ceseful in transm1t'ting the virus through rabbits in succession, al-

though he was able to recover virus from the carcasses of rabbits 

previously injected with fifteen cubic centimeters of a hog cholera 

blood filtrate. The insusceptibility to hog cholera or rabbits was 

also shown by Bohmer ( origina.l not seen) ( L.9) a.'"ld by Brockman (original 

not seen) (49), and or guinea pigs by Frohb6se (original not seen) 



18 

(49)'. Pa.sH.ge of the viru.s through goats and peccaries by Roderick 

a.'1d Schalk (51) fro.led to adapt the virus to these animals or to 

attenuate the virus. The dog also proved non-ausceptible to the 

virus, according to the i.rork of' Benner (5). This worker also failed 

to modify t.~e virus through use of u modification of t.~e laidlow-

Dunl:in rr.ethod of attenuating the doi; distrsmper virus. Tra..rismiasion 

experiments by Jacotot (original not seen) {49) in various mauuuals 

and birds, including guinea pi;;s, rabbits, and ferrets, shovte<l tr1at, 

olthr.n1~h the viruo could be recoirered froa the blood of these an.L.""l.alo 

in from three to six dayn after injection, there v:as no clinical evi-

dence of infection. More recently, Zichis ( 63) reported the pass~ o 

of the hog cholera Yil'us !or ten transfers in sheep, but with no 

apparent diminuation in vir~lence. Th:ls author presented no evidence 

of propagation of tho virus in tho sheep. Muir (49) administered 

suspensbns, prepared from apleens and brains of infected swine, by 

various routes, to mice, l:u111ll!3tcrs, ferrets, white rats, guinea pigs, 

a.nd rabbits. !fot one of tho species used exhibited clinical symptoms 

or cerebral reactions of any :practical value for diagnoa.is. In no 

species did the virus esta'.bliah itself. 

In addition to at tempts t'.J pass tho virus to animal a other than 

the pig, a sea..-ch !or natnral vectorn or animal reservoirs of the virun 

has been made.. Dorset, '.'EcJr:-.1dc, ~Tiles, and Rietz (2li) .round the vi.rus 

in nono of tho ma.T:::als and. birda which t1iay studied. Tt1e virus has 

been cultivated .!!:. vitro by I!ecke (original n"t seen) (56), Tenbroei:k 

(56), and Boynt:m, Takahashi, Wo;Jds, and Walker (12).. lfa evidence 
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was presented by tle se workers that the virus was attenuated by 

propagation outside the body of the host pig. 

All attempte to adapt the virus to a host other than the pig, 

to find natural reservoirs, ar to attenullte thft viru.I by animal 

passage tailed, until Balcer (4) succeeded in adapting it to rabbit&. 

He was able to adapt the virus to the rabbit by using m alternate 

tranater technique that ha had previoual.1' used 1n adaptation ot the 

rinderpeat virus to rabbi ta (3). One at.rain, after aerial puaage 

in rabbit.a, became attenuated for nine and tul.17 1mnnmised them to 

the virulent hog cholera virus. A 1econd et.rain wu not succeaaf'ully 

adapted. Ho definite signs or illness wre observed in the rabbits. 

Xopraak11 Jaea, and Cax (42) alao attempted adaptation ot the hog 

cholera virus to rabbits by use or the alternate trana.ter technique. 

They were able to pass t b!t virus, a a tock strain used tor commercial 

production of serum and virus, through twelve generation.e or rabbit.a. 

A febrile response, luting onl.¥ 2-3 hours, was obsened in some 

rabbit.a. Swine injected with the 6th and 9th rabbit paaage died 

with typical hog cholera, and the 11th passage tailed to be completely 

avirulent for ewine. 

The etreot or ultraviolet light on many viruas hu been the 

object ot atud.7 by various workers. Some ot thlae etudiea hoe been 

oonoemed with inactivation or the virue by ultraviolet irradiation 

tor the purpoee ot producing a non-virulent vaccine. In eome inatanoes, 

attempts to attenuate viruaea without de1tro,ing immun1.s1ng potenoy 

were succeastul. 
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~kKinley and Holden (li.7) axposf;d the he:rpea virus ta an Alpb.a 

it avl.rulent, but found that it 

a.lGo beca..•ms n'=>n-antigenic for the rabbit. Galloway ruid gidinow ( 26) 

deE1troyed the virulence of f<:>ot-and-r:iouth disease virus by expoaing 

1 t fcir fivo minutes to t'-ie irradiations from a mercury vapor lanp. ·rhe 

ye1lov1 fc'ler virus was co:".lplet,3ly inactivated h'J Gordon and Hnghas (27), 

so that it v1as neither infectious nor antigenic. The viru.s was irradi-

atHd with a quart'3 merour-.r-arc la.11p '1.t a di.stance o.r 23 centimeters. 

lence of the rabies virus CO'J.ld 'be destroyed rr.r ultrav1·:ilet irradiation 

for 1~5, 50, (>r 60 min;,ites Yiithout destr.2ctL:m of lt.!:J i:::i:n:.mizing powor. 

pared 12 S ccntl:neters b7 a quartz mercury 

ra.b.iea vir'l6 exposed to the rays of a n-.eJrcury vapor lasn:;; nnder proper 

condi tiona losas virulence, yet r~tains co:isiderable ir::li!iunizing potency 

for mice. Th.ese workers studied the factors infh.i.encing the actLm of 

ultraviolet light and conclud•;d that t.ur~idi ty of solution, amount of 

shaking, kind of la:np, distance of ::naterial from lamp, and presonca of 

organic m.aterial affected the resu.1ts. They also f~und that rabies 

vir:ie in a suspension not cleared by sedimentation a.rid centrifugation 

1tas not destroyed by au'l el.-:p;,:•:.mre of &..J minutes. 

J,ftor the first. inact.ivat5.r.m of the rabies virus by Rodes, 

and Casals (59, 60, 61, 62) developed 

the practicability of ir-rreiated r~les vaccine in the pro:;>h,vla:ds of 

rabies in mari and dogs. :rabel (30) further studied the inactivation or 
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rabies nrus by means of the Oppenheimer-Levinson l•p and exposure 

chamber. At the time of the report the details ot the lamps were 

not released by the OORD. Habel was able to prepare highly potent 

vaccines by the irradiati:m of rabies brain suspensions. The increased 

potencies of the vaccines depended, not on t:.1e shorter wave lengths 

of the new type of lamp, but upon the :method of ax.posing the virus in 

the thin-film, continoun-fl011 chamber that had beon designed. 

Two strains of influensa virus, PR8 and lilelbourne, were inacti-

vated by Salk, Lavin, and Francia (52) through the means or expo8Ul'e 

to a quartz mercury vapor lamp for nine minutes. The inactivated 

virus. was still capable of immunizing mice. The results of Henle 

and Henle (33) showed that ultraviolet irradiation did not altar the 

immunizing potency of certain strains of the in t!,uensa virus. The 

fluid& containing the virile were exposed at a distance of seven inches, 

in open petri dishes, to irradiation by a General Electric Germicidal 

lamp. The dishes were shaken constantly during the exposure ti.me. 

A method of' killing or inactivating bacteria and viruses in a 

fraction of a second was.developed by Levinson, Mil~er, Shaughnessy, 

Ueal, and Oppenheimer and withheld from publication by the OSBD. In 

a paper published by t.tiese authors (4J) they referred to the method and 

reported results or its u.sa in inactivating various bacteria and viruses. 

The method consisted of exposure of the material in continuousq nowing 

films less tJ1an one millimeter thick to the newly developed lamp, which 

they described as a powerful source of both total and extreme (below 

2000 Angstroms) ultraviolet. 
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Ilavans, Watson, Green, Lavin, and Smadel (32) exposed s~spensions 

or brains containing neurotropie viruses to a quartz mercury resonance 

lamp. Tho lamp operated at 3f} milliam.peres and 151 000 volts, with 

65:~ radiatio...-1 a:t 2537 ii.c"lbstro:lm. The vlF.ises of Saint Louis, Japanese, 

eastern and western encephc.litis aaJ. oJ: choriol.tlerdnr,ltis wero inactivated 

in 20 minutes of exposure. 

Viruses, other than. those infecting ma;mnalo, ha.va been found to 

ba inactivated. by ultraviolet irradiation. Duggar and Hollandaer (25) 

inactivated the tobacco mosaic virua by uave lengths short-.;r than )11 

Angstroms. The Rous chicken sarcoata virus was found by Baker and Pea-

cock (2) to be destroyed by ultraviolet irradiation. They calculated 

that tha actlve agent in the form of tumor tissue suspension ~ould 

su.rvi ve an exj)Osure oi' at least five times that necessary to kill moat 

pathoganio bacteria. 'fhey postulated ti:iat the small size o.f.' the active 

particles may be the chief fact.or in daterin:i.ning thfa difference in 

::mscaptibility. .imothar virua affecting chickens, the fo'iil pox viri1s, 

11as inactivated by Grah<iim, Bra.ndl;,r, and 1ovine ( 29) by e:x.poa-;J.re of the 

virus for ti10 hours llo ir:i:-ad1.ations fr-..>1:1 a ~l"'C1.lr'/ vapor lamp. Ex.-

po:.iur'.33 for 15 to 90 rai.nutos att~nuated 0~1e virua. 

1'he effec tivcneuti of various lam.pa i:v1• irradiation was st,J.died. 

by Buttolph (13). He stated that the low-pressure mercury arcs in 

recently devalopeti glass tubes, trans~itting about 65 por oent of the 

ultravlolat light at wave lengths of 2537 Angstrom. unit.s,provide an 

over-all efficiency about five ti.riles that of quart.a lamps. .Buttolph 

furt.11ar suggested ths.t a.ti ultraviolet intensity of About 0.01 watt 
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per square foot of surface produced cor:iplot.-0 killing of bacteria. in 

eight to ten minutes. 

Hollaender, Oliphant, and AndreTts (36) in a study of the affect 

of irradiations on virus i'ound th-fl.t most virusas L'lactivateci by ultra-

violet light show a maximum sensitivity at 2650 Angstrom units, which 

is olosa t,o the nucleic acid absorption band. 'l'hey state that for 

adequate irradiat.i<m the material must be i'rea of dense i:iggregates 

a."'ld that all particles must receive adequate irradiation. Earlier, 

Arnow (1), in reviewing the nature of irradiation, stated that the 

protein change is a denaturati::>n occarring in t'110 atapa. In the tirst 

stop, or preliminary ?l'OC'~ss, the protein molecule bac,xnea a new chemical 

entity, a.ft.er which, the physical pr.Jcoss, ti1e formation of a visible 

coa.gulmn, tukos place. 

The literature revoalod. no evidence that tho hog cholera virus 

if'ork on the irradiation al' vi.ruaos sugge!..its that i!;, :right oo an effec-

tive means of attenuation. 



Objectives 

The objects of the investigation were to modify the hog cholera 

virus by adaptation to the rabbit, irradiation with ultraviolet light, 

or exposure to nitrogen mustard, and to determine whether the modified 

virus was avi.rulent and at the s ar.e ti.me antigenic. 

Materials 

Strain of Virus 

The strain of vi.rue employed was obtained from a commeroial. 

firm that used it for the routine production of hog cholera virus, 

vaccine, and immune serum. The virus was used by the firm wider 

the supervision of the Bureau of Animal Industry, United States 

Department of Agriculture, and it met the specifications set by 

that agency for strains of virus used in the manufacture or the 

biologicals namd. At no time during the col.ll"se of these studies 

was there reason to believe that the virus was not the standard 

stock virus or that it contained any variant strains. 

Experimental Animals 

Pigs of naning age (8-10 weeks) were obtained either from 

the V.P.I. Animal Husbandey Department or from a swine producer 

1n Shenandodl County 1 Virginia. The ta.rms from which the pigs 

came had no history of recent cholera outbreaks, and none occurred 

during the period in which the pigs were being purchased. The 

swine herds were also free from other bacterial and viral diseases. 
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The pigs obtaimd from the V. P. I. Animal Husbandry Department 

were farrowed b7 son that had previously been imunized against 

hog cholera by the serum-virus method, while the pigs purchased 

from Shenandoah County ca.ne from. a non-vaccinated herd. 

The pigs, prior to inoculations, vtere kept in a.."l isolated 

otock pen equipped with a small shelter and the necessary watering 

and raedi."lg davicea. They were moved from the atook pen to stalls 

or cages in an animal barn prior to inoculation. The stalls had 

smooth concrete !loors that drained forward to a gutter outside 

the stall. The gutter was of a. width and depth that prevented 

the passage or excreta from stall to stall or gutter to stall. 

The back wall of the s tails was or oinderbloek, while the front 

was of an open, stanchion-type construction. The stalls were 

separated from each other at the noor level by a concrete strip 

about six inches in width and height. The side wIDa, of hard-

VIQod construction, approximately six inches wide and 6o inches 

high, were built on top of the concrete strips. 

The cages had slatted hardwood noors, sides and. backs of 

sheet metal, and a door and top of woven wire construction. The 

cages were on legs that raised the bottom approximately one toot 

above the concrete .f'loor. ,\11 excreta drained to a gutter in 

front of the cages. Each stall and cage 'RU equipped wi t.11 the 

necessary feed and water containers. 

The rabbits used in the rabbit passage of the virus came 

from the colony maintained. at the Virginia Agrlcult.nral Experi-

ment Station. They were of a mongrel stock kept for experimental 
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and diagnostic purposes. Young, vigorous rabbits of five to six 

pounds in weight were selected for use. At the time of inoculation 

they were moved to separate cages. 

Nitrogen Mustard 

The nitrogen mustard used l"f&a mthyl-b~~ (~hloroethyl)­

ami.ne. It was obtained t.'lrough the courtesy of Dr. E. P. Johnson, 

Virginia Agricultural Experiment Station. 

Ultraviolet Lamps 

Two lamps, m.anuf a: tured by the Westinghouse Electric Corpo-

ration, were used. One was designated by the manuf'acturer aa cH4; 
This la.lllp is a 100 watt mercury vapor lamp l'rl. th an outer bulb or 
#772 glass. It transmits no radiation below 3050 Angstrom units, 

and is equipped with a black light filter, which 11.'llita the radi-

ation transmitted to ultraviolet light of predominantly 3650 

Afigstrom units. 

Tha second lamp was designated by the manufacturer as wt.793. 

It is equipped nth o. built-in transformer and is described as a 

Cold Cathode Germioidal Starilamp. P..acliations by this lamp are 

generated by an elec t.ric al discharge through lov1 pressure inert 

gases and Mrcury vapor enclosed within the special glass tube 

of the lamp. Approximately 95 per cent of tha ultraviolet is in 

the region of 2537 .Angstrom uni ts. The WL793 lamp operates on 

approximately 105 volts A.G., with an operating current range 

in amperes of' 0.040 - 0.04;). The ultraviolet intensity (2537AU) 

in miorowatto per square contir:.ieter at one meter is J, and the 

ultraviolet output (25J7AU) in watts is 0.27. 
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)(ethoda 

Oare ot Bxper1.J18ntal Ani•al a 

At the tim ot delivery, the pigs were placed in the 

isolated stock pen. All piga were kept 1n the stock pen tor at 

least two weeks prior to their use 1n the experiments. Thia 

,quarantine was imposed to insure their treedo.m from hog cholera 

and other intect1oue dieeuea, and to allow ti.ma for any puaive 

imaunity acflllired f'rolll their dau to disappear. During the tirat 
, 

week after rcoeipt, the.pigs wre given •odium fluoride tor re-

moval ot uo &rids. 

Th• ration consisted or a COllllll8l'Oial hog teed which con-

tained isi protein and the additional nutrient• neoea11ary tor 
proper growth. 

Before inoculation, the piga wre moved trom the atocJ pen 

to •talle or cages in the animal barn. Rigid control •uure• 

were uaed to prevent the spread of 1nteot1on in the barn and troa 

the bam to the stock piga. The teed tor the latter was stored 

in a separate building from that which held the teed tor the in-

oculated pigs. The reeding, watering, and handling or the pig• 

in the stock pen nre done by a person who had no contact with pig• 

removed tram the stock pen tor inoculation purposes. 

Prevention ot apread of' inteotion in the barn 1f&8 aocompllahed 

by preventive •asure• titted to the need.a ot each group ot pig• 

placed in the barn. The teeding and watering nre done tr011 out-

aide the •tall or cage tram containers that nre not allond to 

come 1n contact with any' object in contact with the piga. The 
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stalls were entered by the caretaker only when it lfaB necessary 

to remove litter, after which his boots and hands were thoroughly 

washed with a. disinfecta.'"lt before a second stall was entered. The 

equjpment, euch as shovels, was thoroughly washed and disinfected 

after use in each stall or cage. The caretaker a.voided any bodily 

contact with the pigs so that the virus, when present, was not. 

picked up on the hands or clothing. 

The parson taking the temperatures of the pigs wore coveralls 

and rubber boots. m.s hands and boots were thoroughly washed and 

disinfected baforo and alter entering each stall. If tho coveralls 

"l!lere suspected of' beoom.L"lg contaminated, they were cha."lged tor 

clean ones bet'ore another stall or oage was entered. 

As soon as the pigs wore removed from tho barn at the end 

or an experiment, the tloor and walls of the stalls and cages were 

washed thoroughly with soap and water several ti:oos be.t'ore being 

thoroughly scrubbed vith an alkali solution. The teed and water 

troughs were autoclaved after being washed. All litter and refuse 

were burned. 

Control pigs uued to detect the presence of the virus in the 

various suspensions were al\'fSJ'~3 placed in stalls or cages separate 

from those o;f' the pigs injected T1ith suspensions that had received 

attenuating treat.mont. 

Criteria for Results 

Daily observations wore inade of the inoculated animals for 

tbs development. of the following symptoms described by Birch (7} 

and Udall (.)8) as indicative of the diseaaes fever (see Figure 1), 
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depression, anorexia, motor irritation or stif"f ness and inco-

ordinatian, conjunctivitis, constipation f'ollowed by diarrhea, 

and dieooloration of the skin due to congestion or hem~rrhage. 

Complete aut.opsiea were performed on all animals when they 

ware necessary to establish the presence of the disease. The 

folloWing pathological changes, described by Birch (7) and Udall 

(58), were searched tor, as well aa any additional changes that 

might be presents peteohial hemorrhages beneat."l the kidney capsule; 

petechial hemorrhages in the mucosa of the bladder, larynx, and 

trachea; larger hemorrhages in the intestinal mucosa, lungs, epi-

oardium, and 8 pleenJ and peripheral hemorrhages or the lymph glands 

(see Figures 2, 3, and 4). 
A diagnosis of hog cholera was made 'Rhen the appearance of 

typical symptoms was usociated with the pathological changes 

generally aacapt&d as the results of infection by hog cholera virus. 

In thoae instances where any doubt of the presence ot the disease 

existed, £11 trates were prepared fr:>m the spleen or blood and in-

,jected into susceptible pigs. Such check pigs were t.hen observed 

for the develooment of symptoms and lesions. In this manner any 

confusing bacterial or viral infection was differentiated from 

hog cholera. 

Rabbit Passage or the Virus 

T-110 milliliters of thG stock virus were injected intramuscularly 

into a S"..isoaptible pig that had ooen moved from the atock: pen to 

the barn. 'fhia pig was designated as a 'firus pig. Daily obser-
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Figure 1. Temperature curves of pigs injected intra'lluscularly 

with hog cholera virus. 
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Petechial hemorrhages in the kidney of a pig 

dying from hog cholera . 



Figure 3. 
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Hemo:tThages in the gastric mucosa of a pig 

dying from hog cholera . 



Figure 4. 
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Hemorrhages in the lungs of a pig dying from 

hog cholera . 
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vationa or symptom& were made, and, when the temperature rise 

reached the peak, the pig was saorif'ic(ld. The apleen was removed 

under aseptic conditions, and a portion was ground in a sterile 

mortar with sufficient sterile physiological aaline to make a 10 

per cent ausperusion or spleen tissue. The large particles were 

removed by filtratim through sterile gau2ie 1 and t.lie susj)ension 

further clarified by centritugat1on at 1900 rpm tor five minutes. 

'rbe supematant nuid prepared in this manner was designated a a 

pig-spleen virus. 

Two milliliters of the pig-spleen virus were injected into 

the marginal ear vein or a rabbit that had boen removed tram the 

stock pen to an isolation cage. Observatiom were made at two-

to tour-hour interval.a, and the rabbit sacri.ficed between the 

72nd and 96th hour after inoculation. Careful examination wae 

made ot the rabbit tor the presence or lesions, after the spleen 

had been removed ueptioal.~. A suspension was prepared trom the 

rabbit spleen in the manner previous~ desoribed for the preparation 

ot the pig-spleen virus. Thie suspension was designated as the 

first alternate passage rabbit-spleen virus. 

Two milliliters of the first alternate passage rabbit-spleen 

virus were .injected intrmuscularly into a pig, from which a pig-

spleen virus ns prepared for 1njection into a rabbit. Thia 

rabbit, a.f'ter 72 to 96 hours, furnished tie seccnd alternate 

passage rabbit-spleen virus for inoculation. This alternation 

or passages from the pig to the rabbit was continued tor •h 



passages. After the a:b..-th alt::.n:-:1ate paasage, the virus was 

carried serially in rabbits. This was accomplishOO. by preparing 

rabbit-spleen virus in the ma.tmer already described. Arter tbe 

intravenous injection of the rabbit-spleen virus, frequent ob-

servations tro:::·e IlUlde .for the devolopment of s.;rm.ptoms by t..'10 rabbits. 

Careful examinations far pathological changes 'M'3ro made at tra 

time of autopsy, 72 to 96 hoi..i.I's after the inoculation. 

At e~h serial paEHH•t~e, a two-milliliter p::>rtion of tha 

rabbit-spleen viru.s was injected intramuscularly into a sus-

ceptible pig. These pigs served to detect the presence ot the 

hog cholera virus in the rabbit-spleen preparations. The appear-

ance of typical symptoms Qlld lesions proved the presence of virulent 

virus in the rabbit-spleen suspensions. The pig that failed to 

develop symptoms of cholera was challenged after three to four 

V.'eeks with t"1:> milliliters of stock virus;Ahich -.'US also checked 

for virulence at the same ti.ma. The challenge determined \ihether 

the pig injected 1rl.th t.1la rabbit-spleen virus had been irnunized 

by it. The presence of imtlUni ty in the pig would have furnished 

evidence of modification associated with retention of immunizing 

properties. The scheme ror the alternate and :serial pa.ss~e of the 

virus io Sho'W?l in figure 5,. 

A single attempt was ma.do to determine the infectiousness or 
tr.ie blood of a rabbit that had bean injected with pig-spleen virus. 

Two milliliters of blood wre withdram from Rabbit 5a on the 

third day and again on the fourteenth dq after injection with 



the £if'tJ:l passage rabbit-spleen virus. On each or these days 

a auaceptible pig was injected with the sample or blood taken 

and obeervad for development of symptoms and lesions. 

Ultraviolet Irraliation of the Virus 

Limitation or barn space tor the isolation or the test and 

control pigs made it necessary to conduct this part or the studies 

in a series o£ identical experiments. '!'he pig-spleen. v1rwl tor 

irradiation was prepared from a new virus pig that had bean infec-

ted with either the stook virus or pig-spleen virus on hand from. 

the previous experiment. The first experiment was conducted with 

the WestinghO'.ise .Lamp OH!i, while the 1L79) lamp was. used tor tba 

remainder of the experiments. 

Two milliliters or sock virus 1'0r& injected intramuscular~ 

into a susceptible pig. This pig, designated as a virus pig, wu 

sacrificed 1'hen the temperature rise reached the peak. The spleen 

was removed aseptic a.14'-, and a portion of 1 t was ground in a sterile 

mortar. Sui'tioient sterile physiological saline was added to make 

a final auspen1ion or 10 grams or splenic tissue in 100 milliliter• 

of saline. Large particles were removed by filtering the sueperuiion 

through sterile gause, and the filtrate ne .turther clarified by 

centri.tugat.ion at 1800 rpm tor five minutes. The BUpernatant 

fluid, designated as pig-spleen virus, waa decanted int.o sterile 

bottles and ei 'ther used immediately or etored at 4 ° c. until ueed., 

The pig-apleen virus was poured into a sterile petri dieh 

to a depth or one to two millimeters. Th.a dish as then placed 

15 centimeters trom the ultraviolet lamp. The dish 1t'U placed 
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on a trq of ice to praYent exoeesiva evaporation during t.~e 

period of irradiation. It was constantly shal,en during the period 

of exposure so tha.t the pig-spleen virus wa..«':i continuously being 

mixed. At the completion of U1e irradiation, the pig-spleen virus, 

now desigr..ated as irradiated pig-spleen •1.rua, was poured into 

sterile bottles. 

Test of the irradiated pig-spleen itirus ns accomplished by 

the intra.'ll:lscular injection of five milliliters into susoaptible 

pi~a isolated in the b am. Control pigs were injected at the same 

tii;ie with a five ~illiliter portion of the non-irrad.:lated plg-

spleen virus. Daily observations were r:1af.lo for the de?alorment 

of symptoms ln all pigs, arid a'.ltopsies "~re performed in all i.'11-

stancas requiring pout-mortem examination. All pigs that survived 

the injection of the irradiated pig-spleen virus were challenged 

a.t the end of three to four weeks. The challent~e was made by the 

intramuscular injection of two milliliters of the e tock virus. At 

the same time, suscept,ible pigs were injected with two milliliters 

of the stock virus used for the challenge, as a check on its intee-

tiousness. 

!!_trogen 1.fustard Treatment of the Virus 

Limitation of b am space f'or the pro par isolation of the 

pigs made it neeessw:"J to cond•ict this part of the studies in a 

series of experiments. In the first series the blood from a virus 

pig, desir;nated a.s blood virus, wa:; used for treatnent by the nitro-

gen mustard. 'i'he bloai vras obtained, aseptically, from t!'le virus 



38 

pig at the ,height or the taperature rise. The 1ni'eot1on had 

been induced in th! virus pig b,- the injection of the stock virus 

or pig-spleen virus on hand .f'rom prevlows worlc. Coagulation ot 

the blood was prevented b7 sodiua citrate. 

Five millili tera or the blood virus were added to a dry, eterile 

Tial containing ten milligrams of the mustard. 'l'be vial wu shaken 

for 30 minutes and then allowed to stand tor an additional 30 

minutes. At the end ot the hour•• treatment t1Ya milliliten ot 

the blood Yirus, now designated as mustard blood vi.rue, wre in-

jected intrmu1Cularly into auaceptible pigs. Control piga were 

ueed to, deterllina the infectiousness of the untreated blood virus. 

Pig-aplean virus wu used in the remainder ot the ex:perimenta. 

Tllo mlllilitera of stock virus were injected. into a auaoeptible pig. 

This pig, designated u a virus pig, was eaoriticed when the tempera-

ture rise reached the peak. The spleen was removed aaeptically and, 

a portion or it ground in a sterile mortar. Suf'ficient sterile 

physiological saline was added to 1aake a final suspension or 10 

grams of aplanic tissue in 100 a.illilitera or saline. Large parti-

cles or tissue were removed by tlltering the suepeneion through 

sterile gause. The filtrate wu further olaritied b;r centrU'ugation 

at l8oo rpm, tor five llinutea. The supernatant .fluid, deaignated ae 

pig-apleen virua, was decanted into •terile bottles and either used 

immediately or atored at 4° a. until needed. 

Treatment or 1h e pig-apleen 'Virus wu accoapliahed by adding 

live ndlliliters ot the pig-epleen virus to a dry, aterile, 1top-

pered vial containing ten milligrams of the nitrogen mustard. The 
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vial was mechanically shaken for 30 minutes and then allowed 

to stand tor an additional 30 minutes. Five milliliters of the 

treated virus 1 now designated as nrJ.stard pig-spleen virus 1 were 

injected intramuscularly into susceptible pigs at the end ot the 

hour's treatment, except in Experiment 116, when the injeetiona 

were made 2h hours after the material was prepared. 

Control pigs, used to determine the infectiousness of the 

untreated pig-spleen virus, were used in all experiments. Daily 

observations were made for the development of symptoms, and autop-

sies were perf'orEd in those instances requiring post-mortem 

examinations for the interpratati on of results. 

All pigs t."'lat survived the injection of the mustard pig-

spleen virus were challenged after three to four weeks after 

inoculation. The challenge was made by the intramuscular injec-

tion of two milliliters of the stock virus, except in Experiment 

M7 in which pen exposure to sick pigs was used. At the time of 

challenge, susceptible pigs were injected with t w milliliters 

of the stock virus as a check on its infectiousness. 
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Itesults 

Rabbit Passage ot the Viru 

The bog cholera virua 1IUI passed from pig to rabbit tor 11x 

alternate passages, af'ter which the vi.rue iraa passed auccesatal~ 

tor tive serial passages through rabbits. The virus could not be 

demonstrated. in the rabbit-spleen au1pension prepared tar the sixth 

serial rabbit pasaage. The reaul ta are shown BChematical. ly in 

Figure S. 
There wu no erl.dence ot attenuation in virulence ot the 

viru• tor the pig during the alternate passage• and tba fir1t tin 

aerial paaaagea o:t the virus in rabbits. Typical temperature curves 

ot pig• injected w1 th alternate passage rabbit-epleen v1ru and 

••rial passage rabbit-apleen Tiro.a are shown in Figure 6. 

Ho evideme ot adaptation or the virus to rabbita wu obta!.ned. 

The rabbits Ulled in the alternate am aerial paaaiges did not show 

any sympt<DS attributable to the virus, nor did they show 8lJ1' leaicma 

on poet-mortem examination. Typical temperature curves obtained 1n 
• I 

injected rabbits are shown in Figure 7. 

A pig injected with two millillters of b1ood drawn from rabbit 

Sa three days after the rabbit had bean injected with pig-spleen . 

virus trom pig S developed typical symptou and leaiona. The pig 

injected with two milliliters of blood drawn from rabbit Sa 14 dlf"• 

attar injection or the rabbit did not develop avmptou. Thi• pig 

devaloped typical symptoms and lesions when challenged with viru-

lent virua. The reaulta are ahom achematicall7 in Figure a. 
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Ultraviolet Irradiation of the Virus 

Ultraviolet irradiation ot the hog ob:>lera virus with a 

lfutinghouse lap cBh, for 30 and (0 minutes. tailed to attenuate 

the virus consia tently for pigs. The re8ults are shown in Table 1. 

Typical temperature curves obtained 1n pigs injected with pig-

spleen virus irradiated by lamp CB4 are sh:>m in Figure 9. · 

· U1. traviolet irradiation or the hog cholera virus with a 

Westinghouse lamp WL793, tor lS and .30 minutes, failed to attenu-

ate the virus tor pigs. Only three pigs, or a total of 17 pige 

injected with pig-spleen virua irradiated tor 6o llinutea· by the 

WL793 lamp, tat.lad to develop hog cholera. Theae three pig• nre 

Jamu.iie when challmged with virulent viru.e. The reaul ta of irradi-

ation of pig-spleen v.lru8 by lap WI.793 are ehown in Tables 2 

through S am summarized in Table 6. Typical temperature curves 

or pigs injected with pig-spleen virus irradiated with lamp 'IL793 

are shown in F13ire 10. 



46 

TA.BIB 1 

lffeets on Pigs of Spleen Virus Irradiatad by Lamp OB4 
Experiment UVl 

Pig no. Irradiation, 
time, 
minates 

Results of injection Results ot 
challenge 

Symptoms Lesions 

tNl 30 Yes 

UV2 6o !to 

UV.) 30 Yes 

UV4 30 Yes 

u·I!) 6o Yes 

uv6 6o Yea 

uvc1Ca) 0 Yee 

uvc2<a) 0 Yes 
uvc3Cb) 0 Yes 

(a) Controls tor non-irradiated virus. 

(b) Control for challenge virus. 

Yes 

Yea 

Yes 

Yas 

Yes 

Yes 

Yes 

Yes 

Immune 

-
-



47 

TABIB 2 

Bftecta on Pig• or Spleen Virus Irradiated b7 Lamp 'II.793 

Bxp&riment UV2 

Pig no, Irradiation, Results or injection , Result• ot 
time.in challenge 
minutefJ Symptoms Leaions 

TN! 30 'res Yes 

UV8 30 Yea Yea 

UV9 30 Yes Yes 

UVlO l$ Yea Yea -
UVll 1S Yea Yea -
UVl2 l$ Yea Yea -
UVCJ4(•) 0 Yea Yea -
( •) Control tor non-irradiated virua. 
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Btteotl on Pip at Spleen Virus Irradiated by Lmp WJ.793 

Br;periraent UV.3 

Pig no. Irradiation, Results ot injection Results ot 
tim in challenge 
minutes Symptoms Ission• 

UVl3 60 Yes Yea -
UVl4 6o Yes Yes -
UVlS 6o Yes Yea -
UV16 60 Yes Yes -
l1V17 60 Yes Yea -
uvos<a) 0 Yea Yea -
(a) Control tor non-irradiated virus. 
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Effects on Pigs o:r Spleen Virus Irradiated by Lamp 'Wl.793 

Experiment UV4 

Pig no. Irradiation, 
time in 
minute a 

UV18 6o 

UV19 6o 

UV20 6o 

UV21 6o 
uvc6(a) 0 

uvo7(b) 0 

Results of injeotion 

5Y'lllt"'>toms Lesions 

Yes 

?lo 

Yes 

Yes Yes 

Yes Yee 

Yes Yes 

(a) Control for non-irradiated virus. 

(b) Control for challenge virus. 

Results of 
challenge 

Immune 

Immune 

Immune 
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TABLE 5 

Effects on Pi.gs of Spleen Virus Irradiated by Lamp WI.79) 

Experiment UVS 

Pig no. Irradiation, Results 0£ injection Results or 
ti.11e in challenge 
minutes 3'!Ptoms Lea ions 

UV22 6o Yes Yes 

UV23 6o Yes Yes 

UV24 6o Yes Yes -
UV2$ 6o Yes Yes 

UV26 6o Yes Yes -
TJV27 60 Yes Yes 

UV28 6o Yes Yes 

W29 6o Yes Yes 

uvcs(a) 0 Yes Yea 

(a) Control for non-irraiie.ted viruo. 
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TABLI 6 

Summar.T ot Bttecta on PJ.ge ot Irradiated Virua 

lxperiments UVl through uvs 

Ko. ot Irradiation Bffect ot vi.rue 
pigs 

Laap Kin. Symptom• Iaaiona 

3 09' 30 3 3 

3 Cali 6o 2 2 

3 . WI.793 1$ 3 3 

3 WL193 .30 3 3 
17 TIL193 6o 16 14 
a(a) 0 8 8 

(a) Oontrola for non-irradiated virus. 

Imune to 
challenge 

0 

1 

0 

0 

3 

-
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Figure 9. Teoperature curves of pigs UVl and UV6, injected vrith 

pi)!-Spleen virus irradiated with lainp CH4 for )0 and 6o 
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FigUre 10. Temperature curves of pigs UV7 and UV17, injected with 

pig-spleen virus irradiated with lamp WI.793 for 30 and 

(:[) minutes respectively. 



Nitrogen Mustard. Treatment of the Virus 

Nitrogen mustard either tailed to reduce the pathogenicity 

or the hog cholera virus used in the form of blood virus or 

destroyed its virulence as well as its immunizing potency. Four 

pigs injected with mustard blood virus developed typical symptoms 

and lesions of hog cholera. Trto pigs tailed to develop symptoms 

of tba disease \men injected with mustard blood virus, but were 

found not to be immune when challenged with virulent virus. The 

results of tho injection of pigs with mustard blood virus are 

shown in Table 7. 
Niwogen mustard attenuated the hog cholera virus, in the torm 

or pig-spleen virus, for the pig. The results of injection of 

muatard pig-spleen virus into pigs are shown in Tables 8 through 

13 and summarized in Table J.4. No visible symptoms of hog cholera 

appeared in J2 pigs injected with mustard pig-spleen virus, al-

though seven pigs developed a slight tra.~si tory rise in tempera-

ture after the injection. The rise in temperature occurred in one 

pig on the fifth day, and in the other six on or after the twelfth 

da.Y following injection (Experiment lf4, Table 10). The rise in tem-

perature in the six pigs on or after the twelfth dq oould not be 

associated with the presence of the virus. Four or the six pigs in 

which a temperature rise was observed on or after the twelfth dajy 

died before challenge. These pigs had extensive damage to the liver, 

including abscesses, .from a previous ascarid intection, and were 

also parasi tized v.'i th lung worms 1 which produced a verminous pneumonia. 
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The other two pigs developing a .fever on the twelf'th day or later 

had concurrent symptoms of pneumonia, from llhich they rapidly 

recovered. 

Eight of the 32 pigs injected with mustard pig-spleen virus 

died before challenge with virulent virus. In addition to the f'our 

pigs of Experiment M4 already noted, two others of this experiment 

died from the s a.me causes. One pig in Experiment 1d2 (Table 8) died 

from an intestinal obstruction, and one pig in Experiment 113 (Table 

9) died from cystitis, making a total of eight pigs lost before 

challenge. Uono of the eight pigs dying before challenge showed 

any- symptoms or lesions or hog cholera, nor could the virus be re-

covered from tiasues taken at autopsy. 

Nitrogen mustard did not deatrcu the immunizing properties of 

the hog cholera virus when it was used in the form of pig-spleen 

virus. The results of the challenge of the pigs injected with 

mustard pig-spleen virus are shown in Tables 8 through 13, and 

summarized in Table 14. No symptomB of' cholera were observed in 

19 pigs injected rl th two mlllili ters of virulent virus three to 

four weeks a!ter they had received f'ive milliliters or mustard ·pig-

spleen virus. Only four of the 19 pigs showed a transl tory tempea -

ture rise f'ollowi.ng the challenge. This rise in temperature occurred 

on the third or f'ourth day, and in no instance did it go above 105° 

F. Typical temperature curvos of the pigs after injection 'With 

musta...---d pig-spleen virus and after challenge are sholl?l in Figure 11. 

Five pigs injected i'lith five milliliters oach of mustard 

pig-spleen virus were immune when cha lenged by pen exposure (Table 
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13). llo aymptou developed in these five pigs. 

Won-injected pigs- in contact with pigs injected with mustard 

pig-spleen. virus did not contract the diaeua. Three piga in pen 

contact wi~ five pigs injected with tive llllliliter• each or 

mustard pig....apleen virus remained normal. ·Two ot these pigs developed 

typical hog cholera when injected with virulent 'rirus, and the third 

contracted the disease through contact. 
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TABLE 7 

Effects on Pigs of Mustard-Treated Blood Virua. 

Experiment Ml 

Pig no. Virus Results of injection 
lot 

Symptoms Lesions 

Temp. Visible 

ID. l !fo No ?lo 

U2 l No No No 

}.{) 2 Yes Yea Yes 

M4 2 Yes Yes Yes 

115 2 Yes Yes Yea 

M6 2 Yes Yes Yes 
JlCl (a) l Yes Yes Yes 
Jl02{b) 2 Yes !es Yea 
ll03(c) Yes Yes Yes 

(a) Control for untreated virus, lot 1. 

(b) Control for untreated virus, lot 2. 

(c) Control for challenge virus. 

Results 
or 

challenge 

Hog cholera 

Hog cholera 

-
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Effects on Pigs of Mustard-Treat.ad Spleen Virus 

Pig no. Rasul ts of injection 

SymptoinB Lesions 

Temp. Visible 

'Jl.7 No No No 

Y8 No llo No 

U9 No No llo 

:U:lO No No No 

va5(b) Yes Yes Yes 

v:c6<0 > Yes Yes Yes 

(a) Died tram causes other than hog cholera. 

(b) Control for untreated virus. 

(c) Control for challenge virus. 

Rasul ts 
of 

challenge 

Immune 

(a) 

Immune 

Immune 

--
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TABLE 9 

Effects on Pigs of Mustard-Treated Spleen Virus 

Experiment JO 

Pig no. Results of injection Results 
of 

Symptoms Lesions challenge 

'l'emp. Visible 

MU No No Ho Immune 

n2 No No No (a) 

m No No No Immune 

J.0.4 Yes No No Inmune 

M15 ?lo ?io Mo Immune 

JW8(b) Yes Yes Yea 

Y09(o) Yes Yes Yes 

(a) Died from causes other than hog cholera;. 

(b) Control for untreated virua. 

(c) Control for challenge virus. 
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TABLE 10 

Effects on Pigs of 1.-hlstard-Treated. Spleen Vi...-a.s 

Exporimnt M4 

Pig no. Results of injection Results 
o! 

Symptor.JS Lesions challenge 

Temp. Visible 

L0.6 Yem ?lo No (a) 

Ml.7 No ?lo No (a) 

Ul8 Yes Mo No (a) 

Ul.9 No ?lo No (a) 

V20 Yes No tlo {a) 

K21 Yes No ?lo (a) 

M22 Yes No ?to Immune 

1!2.) Yos Uo }lo Inmune 

MOlO(b) Yes Yes Yes 

MCll(c) Yes Yes Yes 

(a) Died from causes other than hog cholera. 

(b) Control for untreated virus. 

(c) Control for challenge virus. 
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TABLE 11 

Effects on Pl.gs or Mustard-Treated Spleen Virus 

Experiment H5 

Pig no. Results of injection 

Symptoms Lesions 

'l'em9. Visible 

Y24 Uo Uo Iio 

Y25 no no Uo 

M26 ilo No Wo 

l.l27 No Ho rio 

1428 llo Mo No 

M29 Mo Ho No 

M.30 lio No lo 

uc12(a) Yes Yes Yes 

11.tClJ(b) Yes Yes Yes 

(a) Control for untreatod virus. 

(b) Control for challenge virus. 

Results 
of 

challenge 

Immune 

Imraune 

!Jmnune 

Imune 

Immune 

Immune 

Immune 
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TABLE 12 

Effects on Pigs o! Mustard-Treated Spleen Virus Injected 
24 Hours after Preparation 

Experiment M6 

Pig no. Results of injection 

Lesions 

Temp. Visible 

101 No No No 

102 No No No 

M.33 No No No 
uoJ.4Ca) Yea Yes Yes 

uc15Cb) Yes Yea Yes 

(a) Control !or untreated virus. 

{b) Control for challenga vir11s. 

Results 
of 

challenge 

Immune 

Immune 

Immune 

-
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TABLE lJ 

Effect on Pigs of Mustard-Treated Spleen Virus 

Experim.en t lf7 

Pig no. Results of injection 

Symptoms Lesions 

Temp. Visible 

•34 No No No 

lf 35 B'o No No 

H36 No No No 

ll37 No No No 

lf 38 No lfo ?lo 

1m16(b) Yea Yes Yes 

MC17(c) Yes Yes Yes 

l!OlB(c) Yes Yes Yes 
MQ19(d) Yes Yes Yes 

(a) Challenged by pen exposure. 

(b) Controls for non-treated virus. 

Result. 
of 

challenge 
(a) 

Immune 

Immune 

Inmnme 

Immune 

Immune 

(c) Injected with virulent virus tor purpose or pen exposure. 

(d) Control tc check spread of infection from U017 and M018. 



Summary of Et.teats on Pigs of lfustard-Treated Virus 

Experiments Ml through M7 

Number Type of Hog cholera Number Immune 
ot virus cases from challenged to 

Pigs virus challenge 

6 Blood 4 2 0 

27(a) Spleen 0 l9(b) 19 

5 Spleen 0 5(0) 5 
ioCd) Untreated 10 0 

(a) Eight died from causes other than hog cholera. 

(b) Challenged by intramuscular injection of virulent virua. 

(c) Challenged b.r pen exposure to sick pigs. 

(d) Controls tor untreated virus. 
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Figure 11. Temperature curves of pigs Mll and Ml.4 after injection 

with mustard pig-spleen virus and after challenge with 

virulent virus. 
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DISCUSSION' 

Rabbit Passage of the Hog Cholera Virus 

The hog cholera virus was passed alterna.teJT !rom pig to rabbit 

for six alternate p;wsages a.1'1d then carried for five eerial passages 

in rabbits, as shown b.r Figure 5. Each pig i..11jected with the rabbit-

spleen virus prepared from the rabbits used in the alternate passages 

developed typical S'Jmptoms a."'ld on autopsy presented typical lesi~ns or 
hog cholera. It is evident that the virus underwent no modi.fioationa 

during the alternate passages, since there was no reduction in virulence 

fer the pig. '1'he incubatbn periods, severity of symptoms, and extent 

of lesions were in agreement with those described by Hagan md Bruner 

(31) 1 Udall (58), and Birch (7) as typical or hog cholera. 

The control pig injected with rabbit-spleen virus at each serial 

passage, except the one injected nth the sixth serial passage rabbit-

spleen virus, developed typical symptoms and lesions of hog cholera 

(Figure 5). There was no evidence during the fir st five serial passages 

of' modification in virulenoe of the virus for the pig, as determined by 

incubation ti!!es, severity of' SJ1lt1ptom.s, and extent ot lesions. The 

development of the typical disease in the control pigs indicated that 

the vir11s was present in t.'1.e rabbit-spleen suspensions used £er the 

first t...lirough the fifth serial pas~ages. 

The control pig injected ld th the rabbit-spleen virus prepared 

from the sixth rabbit in series remained normal. ChW. lenge or thia 

pig resulted in the development of the disease, indicating that illmuni-

zation had not been accomplished. A second control pig responded in 
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the sane manner. The control pig injected with the rabbit-spleen virus 

prepared i"rom tre seventh rabbit in series responded in just the sane 

manner as t."'le previous control. Repeated attempts to pass the virus 

from the fifth to tte sixth rabbit in series were unsuccessful, as 

meast1red by the development of either the disease or imunity in the 

control pigs. 

It is impossible to conclude .from the data obtained that the hog 

cholera viri.rn was niOO.ified by al tern.ate passage from pig to ra.bbi t for 

six such passages, followed by five serial passages in rabbits.. Since 

all pigs used in the alternate pasei&ges and all control pigs used in 

the first five serial passages developed typical hog cholera, there 

was evidently no reduetfon in virulence of the virus up to this point. 

The first evidence or attenuation or the Vi?'U3 was obtained in the 

attempt to pass the virus from the fH'th to the slxth rabbit in series 

{Figure ~). The failure of the sixth serial passage control pig (pig 

12, Figure 5) to COV>:)lop the disease seemed to iru:iicate a loss of viru-

lence by the virus. The susceptibility o:f t!le oontrol pig {pig 12, 

Figure 5) to tm challenge virus demonst1•ated tre la.ck or immunizing 

potency of the sixth serial passage rabbi tr-spleen virus. I! a modi.fi-

oa.tion of the virue had occurred, it had res,ilted in a change of the 

virus to a non-pathog~mic and non-antif;enic form, The absence ot patho-

genic or antigenic properties made it impossible to detect the virus 

after it had been carried for six alternate passages between the pig 

and rabbit and then for five serial passages in the rabbit; therefore, 

the question of modification or attenuation cannot be answered. 

Assuming that modi.ficati.0n took place, it was not or a type that could 
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be put into practical uses, because ot the le.ck of anti.genie properties 

in the virus. 

It is entirel.7 poHible and admittedly quite likely that no modifi-

cation took place. The extreme virulence of the virus, as shown by 

Cole, Henley, and Hubbard {15), who found that the injection of aa little 

u 1/215001 000 cc. of blood virus was capable of infecting the pig, would 

support the view that the virus was carried unchanged from pig to rabbit 

and then serially through the rabbit. In this manner, successive dilu-

tions11o:f' the virus could have been made, with the end-point appearing in 

the sixth serial passage (Figure $). 

Ho evidence was obtained that the virus bee ame virulent for the 

rabbit. The rabbits did not present any symptoms or illness, nor did 

any develop lesions that might have been related to the injection of 

the hog cholera vir.is. The temperatures, taken at frequent intervals, 

as shown in Figure 2, did not reveal any febrile response, exoept in 

two instances when the rise in temperature occurred within tour hours 

af'ter the inoculation. 

The development of hog cholera in the pigs used in the alternate 

pusages and 1n the conti-ol pigs used in the serial passages indicates 

the survival of the hog cholera virus in the rabbits tor at least 72 

hours. Additional data on survival time of the virus in rabbits are 

shown in Figure 8. A susceptible pig injected with blood withdrawn 

trom rabbit 5a at the end of 72 hours developed bog cholera, but. the au•-

oeptible pig injected with blood drawn from rabbit 5a on the fourteenth 

day remained healthy until challenged. The virus survived for at 

least three days, but not for 14 dqs, in the rabbit. Those data are 
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1n agreement w1 th that reported by Baker (4), Craig (18), and ICopronJd, 

~ !! (42). 

The renl ta obtained in this at~ dif'ter 1n •veral reepectll trom 

those described by Baker (4) and Kopronk11 Jamee, and Oax (42). In 

this •ttidT, the hog cholera rlrua was either· non-adaptable to the rabbit 

am was eventual.'.cy' lost through serial tranatere or wu oomplete'.cy' 

adaptable, with no evidence ot pathogenicity tor the rabbit and a 

complete loss or pathogenicity and imanizing potency tor the pig. 

Baker (4) na able to carry his strain A in serial paasage in rabbits, 

which resulted in attenuation or the virus for the pig. The attenuated 

strain tulq 1Jl!'Pln1sed nine to the virulent hog cholera virus. The 

strain B used b7 Baker did not become completely attenuated tor nine 

and could not be carried beyond two aerial transfers 1n rabbi te. Ko 

evidence of pathogenicity tor the rabbit by either strain .l or B YU 

obtained. lopranld., James, and Cox (42) were able to carry the hog 

cholera viru•, a Laderle strain, through rabbit•, bllt tailed to get 

complete attenuation qt the virus tor the pig. They obtained a febrile 

response in the rabbit u the only evidence ot adaptation ot the virus 

to the rabbit • 

.l eatiatactory explanation ot the varying degrees ot adaptability 

to the rabbit of the various lots ot virua uaed oamot be made. Since 
-the techniques employed were essentially the same, thia !actor can be 

disregarded. The ::t'abbite used came from ditferent aourcaa, but it is 

unllkel1' that t.he source or rabbi ts was responsible for the var;ying 

results. The most logical explanation is that, although the tour lots 

ot v1rue initially appeared to be identical, they wre actual.'.cy' tour 
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distinct and separate strains. Baker's strain A had been kept under 

laboratory conditions for a long period and had been cultured outside 

the body of the swine, after which it had been lyophilized and stored 

from 1941 to 1945, when it was injected into a pig. The spleen of this 

pig was kept frozen with dry ice until 1946. The fact that strain A 

had been handled in the manner just described may have influenced its 

adaptability to the rabbit, or, as Baker (4) states, it may have been 

naturally more adaptable. The strain B used by Baker was relatively 

recently isolated, which mey account for its poor adaptability. The 

Lederle strain used by Koprowski, Jamee, and Cox would also be considered 

a recent isolation, since it had been maintained in pigs. In effect, 

strain B (4), the Lederle strain (42) 1 and the stock strain used in 

this study were similar in history and results, except in two major 

respects. First, tm Lederle strain produced a febrile response in 

rabbits, whereas strain B (Baker) and the stock virus used tor this 

work did not. Second, the stock virus used for this study was either 

completely inadaptable to the rabbit, or completely altered by passage 

throug.'1 the rabbit, in contrast to the incomplete adaptation to the 

rabbit shol'lll by the other two strains. 

It appears that !'our distinct strains of the virus were used: 

strains A and B by Baker (4), Iaderle strain by Koprowski, James, and 

Cox (42), and the stock strain used in the work reported here. It is 

apparent tha,t the strain A used by Baker possessed attributes, not 

present in the other strains studied, that made it possibla to adapt 

this strain to rabbits, nth resulting attenuation for swine. 
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In epite or the volume of work done on hog cholera, "911-de!'ined 

strains of the virus have not been established. Uany of the so-called 

"breaka11 in the SOl"".rm-virus r£»tJiod of imuni:mtion nay conceivably be 

due to immunologically diat.inet strains or typos, or even variants within 

typos. The recent report of Dale, ~ichooning, Cole, Henley, and Zinober 

(19) confirms the e:dstance of a variant a.'1d the importance or the vari-

ant in immunization "breaks". These workers, in studying losses in 

swine in 1949 and 1950, .found that soma of the virus recently used in 

the simultaneous mothoo possessed unusual charaoteriatios; t.'ii:J, virus 

thoy designated as variant J.. They found that pigs successfully immunised 

ware resistant to the variant virus; however, susceptible pigs injected 

eimul taneoualy with varia.'1t virus and with serum developed hog cholera. 

SL11ilar pigs injected m. th standard virus and the same serum remained 

well. 

Attempts to adapt the hog cholora viruo to rabbits, which gave 

results indicating the differentiation of four strains, is additional 

evidence of ~1-ie existonce o! distinct strains of tho virtJ.s. It seems 

reasonable to aaaum9 that the rabbit passage technique offers a means 

of clearly differentiating strains of the hog cholera virus. 

Ultraviolet Irradiation of the Hog Cholera Virus 

The study of the effects of irradiation ot tn.'le hog cholera virus, 

in the form of a spleen suspensi:m, was done in a series of experiments. 

The results of the first experiment, as seen in Table l, suggested 

that the Virus could be attenuated by irradiation for 00 minutes w1 th 

tM Westinghouse lamp CffJh. Pig UV2 injected with the pig-spleen virus 

irradiated for 6o minutes developed no symptoms and was immune when 
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challenged. It is entiro ly possible, however, that thb pig possessed 

an innate immunity to the virus and therefore developed no symptoms 

when injected wi. th either L."T&!b.ted pig-spleen virus or with virulent 

virus. 

In the remaining experiments the WI.793 la::ip was used. Irradiation 

0£ the pig-spleen vir..ts ror 15 and )0 minutes by this l&'ZlP £ailed to 

attenuate the virus, as Table 2 shows. All pigs injected in these experi-

ments developed the typical disease with no evidence of attenuation 

or the virus. 

Irradiation of pig-spleen virus for 60 minutes with lamp Wt.793 

failed to attenuate t.11.a vir11s tor the pig. E:r..amination of Tables .3 

through 8 reveals the fact that the viruo was not modified in virulence 

under the conditions of t."1.e exp.1rimanta. Only one p:lg, UV19, (T!\ble 4} 

failed to develop typical sym.pto::ts of hog cholera and was fou."'ld to be 

immune on challenge. Two other pigs in the same experiment, UV13 a:.i<i 

UV20, (Table 4) develo}.X!d typical symptoms but recovered rapidly. They 

were challenged a."Xl found to be immune, a state that alm.:>st always 

exists in pigs that have recovered from the disease. The pigs in Experi-

ment UV4 were litter mates and may possibly have had. some inborn resis-

tance to the virus, which eight account for the slight difference in 

their response to tho irradiated virus. 

No evidence of nartial attenuation ot the vir.is was obtained, since 

incubation periods, severity of sym?toms, and extent of lesions •re in 

general similar to tho?le seen L, the controls. The sumn1s.r:r, Table 6, 

reveals that only two pir,s inoculated lrl th irradiated virus failed to 

develop symptoms and were round immune when challenged, and that tw 
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others developed 8)'11.Pt.oma but recovered. 

The reuan for the r allure or irradiation or the pig-spleen Tiru• 

to alter its intectivity for the pig is not evident from the data obtained. 

Hodes; Webster, and Lavin (35) found that rabies vi.rue not cleared b7 

sedimentation and centrifugation was not destroyed b:y en exposure or 6o 
minutes. The pig-spleen virus suspensions used in this study were allowed 

to sediment, atter which the 81lpernatant fluid waa filtered through gause · 

am then further clarified by centrifugation. Th.is procedure .furnished 

a pig-spleen virus suspension that was free of any visible particles 

that might have protected the virus fr01!1 the irradiation. The extremaly-

aall aize ot the hog cholera virus particles (31), honver, mq allow 

masking or protection b:y tissue particles of microscopic sise. 

Additional factors, according to Hodes, Webster, and Lavin (35), 

that influence the aotinn of ultraviolet light are turbidity of solution, 

amowit ot shaking, kind or lamp, and preaeme of extraneoua organic 

material. 'l'ha pig-spleen virus used was turbid, but was not completely 

opaque, and it ia not likely that tUrbiditq was a major factor in the 

failure to attenuate the virus. The suspensions were conatantJ.7 agitated , 

during the exposure time, and, since the depth or the f'luid was onl:r one 

to two m1111metera1 inadequate agitation cannot be considered a factor. 

The most plausible explanations tor failure or the irradiation to 

attenuate the virus, therefore, appear to be either the kind or lamp, 

the presence of extraneous organic material, or the aize or the virus. 

The lamps used were not strong sources of ultraviolet radiations, but, 

on tbe other hand, tbe duration or exposure was suf"f'ioiently long to 
,, 

allow adequate irradiation of the virus. Attenuation ot the "hog cholera 
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vi.rue b7 ultra.violet irradiation should be reinvestigated when the 

techniques have been developed by which it will be possible to obtain 

concentrations of virus 1n suspensions containing little or no extraneous 

organic matter. 

?litrogen Mustard Treatment of the Virus 

The study or the effects of nitrogen mustard (methyl-bis (JJ-chloroethyl)-

amine) on the virulence arrl antigenic properties of the hog cholera virus 

was conducted in a series or experiments. Experiment Ml (Table 7), in 

which two lots of blood virus were used, did not give consistent results. 

The virus was destroyed, and neither symptoms nor icmunity ware shown by 

the pigs injected l1i. th mustard blood virua prepared from. lot l blood 

virus. The virus was not attenuated, and typical hog cholera. was pro-

duced. in the pigs injected with the mustard blood virus prepared from 

lot 2 blood virus. It appears, therefore, that the effect of mustard on 

the virus 1 in the form of blood virus, probably deperrls upon the proportl on 

of nitrogen mustard to virus. Sinee the amounts of nitrogen mustard 

used l!'dth each lot of blood virus were the same, it can be assumed that 

the concentrations of the virus in the two lots of blood were different. 

Johnson 09) stated that his studies with the f'owl leucoais virus gave 

similar results, and that whether the virus was destroyed depended upon 

the amount of nitrogen mustard in relation to the concentration of virus. 

It is also interesting to note that Johnson (38) obtained evidence of a 

lethal effect of nitrogen mustard on the fowl leucosis virus when blood 

dram from treated birds failed to tra.nsmi t the disease. 

The result a obtained Yd th the mustard pig-spleen virus used in 
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Experiments K2 through M7 were consistent. As Tables 8 through 13 

demonstrate, tl8 mustard pig-spleen virus did not produce visible 

symptoms in 32 susceptible pigs. Seven pigs developed a rise in tem-

perature rolloli.ng the injection or the mustard pig-spleen virus. or 
these seven, pig 10.4 (Table 9) sho'l¥-ed a fever on the fifth day. A rise 

in temperature at this timo, according to Hagan and Bnmer (31), occura 

after the ·injootion of h:>g cholera vlrus into healthy, susceptible pigs. 

It must be assumed, therefore, that the febrile response in this pig 

was due to the hog cholera virus. The absence of a fever in the other 

pigs in the same experiment may indicate an unusual susceptibility of 

this particular pig. Six or tho seven pigs developing a post-injection 

rise in tempera'Wre showed the riae on the tnll'th day or later (Table 

10). The developmnt of a temperature this long after injection of the 

virus i~ not in agreement with the accepted febrile response of suscep-

tible pigs to the virus. Four of six pigs died with secondary com;:>licationa 

of liver dam.age from a.scarid infeotinn and verminous pnau."!lonia. The hog 

cholera virus could not be demonstrated in tissues removed i'rom the four 

pigs, and it can be ccncluded that the rise in teli".parature on or after 

tha twelfth d8i:f in the six pigs in Experiment U4 (Table 10) was due to 

secondary cat~es and not to tl'e hog cholera virus. 

Eight of the 32 pigs injected with mustard pig-spleen virus died 

be.fore challenge. In addition to the four pigs of ~~riment l!1+ (Table 

10) already noted, two others in the same group died from the same 

causes. With the exception of this one group of pigs, whioh apparently 

were not. good experimental subjects, the losses of pigs were limited to 

one each in Experiment& M2 and M). In no instance could the hog cholera 
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pig-spleen virus, and L"l all cases there were adequate seemdary compli-

cations to accou.'1t for the deaths. It can be concluded, therafore, that 

no deaths occurred as th.e result of i.'1jection of t.ra custard p1.g-spleen 

vi.ru.z. It is a.l'~o ev:Ldent that ::msturd treat;":ent of the pig-spleen virus 

reduced its virulence :.:;..) that no ill effects I"9snlted from the injection 

of m:ustard pia;-sploen virus into suscaptible pies. 

The mustard pig-sploen vir...:.s poss<Jnsed a.11 excellent L"?!munizing 

potency. As sho'!tn by Tables 7 through 11 a.l"ld by Table 14, 19 pigs were 

challenged lli th t ·iro milliliters of virulent virus three to four weeks 

after they had received fbre cllliliters -:>f musta..~ pig-opleen virue. 

None of the 19 pigs showed a.~~ visible symptoms of cholera following the 

challenge. Four or the 19 pigs challenged by the intramuscular in.jeotion 

of virulent vir~s developed a slight temperature riee on the third or 

fourth dey after challeJl:e. This temperature rise, according to Hagan 

a.'ld Bruner {31), is typical or the response of the healthy pig to the 

1.njeotion of t.;e he'€: cholera virus &"ld is similar to that seen in the 

control pigs. The absence of any visible symptoms a.."1d a tranaitor;y 

febrile respr.msa in ooly four pigs is evidence that the :immunity in the 

19 pies challeriged CrJ tlw lntram'.lscu1ar ir1jaction of vl:rulo:1t Yirue was 

entirely satisfactory. 'l'he intramuscular injection of the hog cholera 

virus is the severest fo:rn1 of exposure used in studies or this disease. 

The degree of resistaree sho1m by the pigs that had received the mu.eta.rd 

pig-spleen virus to this form of challenge indicates that t..11e mustard 

pig-spleen virus vo uld adequately protect against the less severe field 

exposure. 
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Five piga inJeoted with mustard pig-epleen virus nre challenged 

by pen expoal.U"8 to sick pigs (Table 13). !lone or these tive pigs developed 

8)'111Ptoma or hog cholera, although susceptible pigs in the same pen con-

tracted the disease trom the cholera-infected pigs. The immunit,' in the 

tive pigs waa adequate against pen exposure 1 llhich was comparable to ex-

posure in tield outbreaks or the disease. Thia constitutes additional 

evidence that the mustard pig-eplaen virus would adequately protect 

against field exposure. 

llo evidence wu obtained that the muatard pig-spleen virus wu 

spread trom t.he injected. pigs to non-injeoted pigs. In Experiment JCT 

(Table 13), three non-injected pigs were kept 1n cont1et w1 th five pigs 

injected with mustard pig-epleen virus. The three pigs developed no 

symptoma ot hog cholera aa the result or the cont1et. The non-injected 

pigs later proved susceptible to virulent virus. Although the data are 

not extensive, it indicates that the mustard pig-spleen virus is not 

capable ot passing from injected to non-injected pigs~ It ia evident 

tba t the netard pig-spleen virus o an be used in herds in which all sus-

ceptible pigs camot be injected at the same time. 

That it ia not necessary to inject the mustard pig-spleen virus at 

the end ot one hour attar mi.xi ng the nitrogen lllU8tard with the pig-epleen 

virus is shown in Table 12. Three pigs were injected with mustard pig-

epleen virus 24 hours after the pig-spleen virus had been mixed w1 th the 

nitrogen llUStard. ill tlree pigs exhibited sat1a:t1etory' immunity when 

ohallenged three to four weeks attar injection ot the 11Utard pig-epleen 

virwl. Tiro ot the pigs, however, abowd a alight traneitol'T ri•• 1n 

temperature following the challenge dose ot rlrua. Al t.hougb the data 
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are not st.naive, it appears that it is not necessary to inject the 

111U11tard pig-spleen virus imediately af'ter ita preparation; this allon 

the flexibility needed tor .tield use. 

The data obtained confirm the findings ot Tenbroeok and Herriott 

(SS), who demonatfated aome ~ty in piga treated with 111W1tard-treated 

hog cholera rlrua .- The reaul ta obtained in thi• •tucV' di.tter in several 

respeote from thoae ot Tenbroeok and Herriott. Tbq loat three pigs 

flrom. acute hog cholera, whereas no pig• ware loet from thia call.le in 

thie atuey. All pig• challenged by the1e workers showd a riee in 

temperature tollow:lng exposure to the rlrua by contact with infected 

pig11. Onl7 tour pi\ll 1n this study ehowed such a febrile reaponae, and 

that tollowed a much more severe exposure (injection of the rlrulent 

rlrua) than wu ued by Tenbroeck and Herriott. In addition, data ha.,. 

been obtal.ned lhowing that the pig injected with muetard-treated rlrua 

ia not a source otfinteotion tor the non-injected, susceptible pig. 

Furthermore, llllitecl data indicate that the Jlll18tard-treated virul need 

not be injected immediateq after its preparation. 

The demonatration that it 1e possible to attenuate the hog cholera 

rlrus by a nitrogen 11Utard and that the attenuated virus is highl,y 

antigenic g1 ves investigators another method that can be used in the 

preparation ot a hog cholera vaccine. Th• reau1te obtained in thia 

study lead logically to additional inveatigationa. The optimma pro-

portion of nitrogen mustard to rlru8 tor the preparation ot a vaccine, 

the minirmm dose ot vaccine naoeaaary tor tmmanilation, the beat route 

of injection, and the duration of the immunity are among the problau 

to be investigated. 
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cmroLUSIONS 

l. The adaptation or the hog cholera virus to the rabbit, w1 th an 

attenuation in virulence for the pig without loss or antigenic potency, 

depends upon the particular strain of virus ei:iployed. The failure of the 

hog cholera virus used in this study to become adapted to the rabbit, 

with the varying degrees of adaptability demonstrated bt,1 others with 

virus stocks from various sources, gives evidence of the existence or 
strains distinguishable by means of their responses to passage in rabbits. 

It appears that the rabbit can be used as an experimental animal for the 

differentiation of strains of the virus. 

2. The :tailure to attenuate the virus. by the methods us.ad &hOWB 

that the virus is not readily Bl!seeptible to ultraviolet irradiation. 

Attenuation of the hog cholera virus by ultraviolet irradiation will 

depend upon either the use of a stronger source of ultraviolet radiations 

or a virus preparation relativelJ" free of extraneous material. 

3. The nitrogen mustard, methyl-!!!! (.p-chloroethyl)-amine, attenu-

ates the hog cholera virus when the virus is used in the rorm o! a pig-

apleen suspension. The viru& is attenuated without a loss of antigenic 

potency, and the mustard-treated virus can be used tor the successful 

irmmmization of pigs against the v1.rulent form or tho virus. The mustard.-

treated virua does not produce ill effects in the injected pigs, does .not 

spread from injected pigs to non-injected pigs, and1 furthtlrmare, it can 

be used for immunizing pigs ror at leas• 24 hours after its preparation. 

The hog cholera virus attenuated by nitrogen IllUStard may have lrlde 

application as an immunizing agent. 
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SUINARY 

Rabbit Passage ot the Virua 

The bog cholera virus waa carried through eix alternate passages 

tram pig to rabbit and then tor f'ive serial passages in rabbits. The 

virus could not be deDDnatrated in rabbit-spleen suspension prepared 

tor the sixth serial passage in rabbits. The lack ot pathogenic or 

antigenic properties ror the pig made it impossible to detect the virus, 

assuming that it 11'8.8 present in the rabbit-epleen suspension, at the 

six th aerial passage. The virus did not becoma pa. thogenio tor the 

rabbit during the alternate and serial passages, although it survived. 

tcr at least 72 hours in the rabbit. lo evideme or attenuation ot 

the virus tor the p lg 1f&8 obtained in either the alternate or aerial 

passages. 

Ultraviolet Irradiation or the Virue 

The hog cholera virua in the form of a pig-spleen suapenaion wu 

irradiated by the Westinghouse lamps 084 and lfL793. The virua was ir-

radiated at a d.11tanoe of 15 centimeters from the lamp. The suepenaion 

waa placed in an open petri dish, to a depth or l to 2 milllmetera, md 

constantly agitated during the 1rradiat1on. Irradiation by the 084 
lamp tor 30 md {,() minutes and 1.rradiati'.)n b7 the WL793 lamp tor 151 

.301 . and 00 minutes failed to attenuate the virus for the pig. typical 

hog cholera was produced in pigs injected with the irradiated virus. 

Nitrogen lluatard Treatment of the Virws 

The hog cholera virus in the form of blood virus ns l!\ixftd 1ri th 
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tm nitrogen ntUstard, rmthyl-bis (~-chloroethyl)-a.une, in the pro-

portion or .five milliliters of blood virus to ten milligrams of nitrogen 

mustard. In one lot of blood virus so treated, the virus was completely 

destroyed, wmreaa in a second lot the virus was not affected. 

Treatment of five milliliters of the virus, in the form of pig-

spleen suspension, with ten .milligrama of the ni trogan mustard com-

pletel.7 attenuated the virus for the pig, so that, when the virJ.s was 

injected into pigs, no ill effects appeared. Pigs injected with five 

milliliters of the mustard-treated pig-s~leen virus developed a resis-

tance to the virulent virus. The injected pigs successfully withstood 

the intram.uacular injection or two milliliters of virulent virus, or 

pen eXpOS\L':'e to cholera-infected pigs. The mustard-treated pig-spleen 

virus produced a satisfactory immunity in pigs injected with the treated 

virus 24 hours after its preparation. The muotsrd-treated pig-spleen 

virus did not s::n:"Oad from inj~cted pigs to non-injected pigs kept i.11 

close con tact with thcrn. 
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