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HOWARD WALTER DUNNE ABSTRACT

An atypical s tra in  of hog cholera  v irus  was isolated

from  a pig infected as the re su l t  of a field vaccination fa ilure  

and passed  through 16 se r ia l  in trac ran ia l  swine passages with

out losing its  atypical c h a rac te r is t ic s .  This v irus had the 

ability to cause a d isease  charac te rized  by a short incubation 

period, encephalitic symptoms, frequent peracute deaths, and 

100 percen t m orta lity . Convulsions appeared in m ore  than 40 

percen t of 100 subcutaneously and in trac ran ia lly  inoculated pigs. 

The passive immunity provided by a se rum  with known p ro tec 

tive value for other hog cholera v irus s tra in s  was insufficient 

to p ro tect against the iso la ted  field s tra in . The se rum  was 

used in established te s t  doses.

vascu la r  endothelial t issue  and was shown to cause gas tr ic  

u lce rs  and button u lce rs  by infarction of the blood v esse ls  of 

the g as tr ic  and in testinal m ucosae. B rain  sections indicated 

that pe r iv ascu la r  cuffing of cran ial blood v esse ls  and the focal 

concentration of m icrog lia l cells were the two m ost frequently 

appearing lesions of the bra in , and were m ost constantly found 

in the thalam us and in the m edulla oblongata.

Pathologically, the v irus dem onstrated  an affinity for
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HOWARD WALTER DUNNE ABSTRACT

A ttempts to enhance fu rth e r  the virulence of the v irus

by sim ultaneous inoculations with wheat germ  oil or by e l im 

ination of the filtra tion  p rocess  did not m eet with g rea t  su c 

cess .

hog cholera  infected pigs. No other pathogens were isolated. 

Inoculation of rabbits  have elim inated the possibility  of the 

presence  of A ujeszky 's d isease. Examination of histological 

sections as well as clinieal symptoms have elim inated T eschen 's  

d is e a se .

Pseudom onas aeruginosa was iso la ted  from  five of 100
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INTRODUCTION

The annual national production of 5 7 m illion swine valued 

at approxim ately two billion dollars (Agricultural S ta tis tics  1949) 

em phasizes the im portance of solving the problem s associated  

with hog cholera , the d isease  which is  still the number one 

k iller of swine in the United States.

The f i r s t  reco rded  cases  of hog cholera appeared in this coun 

try  in Ohio in 1833 (Moore, 1916) after which the d isease  spread  

slowly over the nation. Between 1846 and 1855 only 93 outbreaks 

were reported . It proved, however, to be a cyclic plague causing 

g rea t outbreaks in 1887, 1896, 1913, and 1926 (Quin, 1950).

Atherton (1923-24) estim ated  the hog cholera loss in 

anim als alone from  1914-24 to approximate 415 m illion dollars. 

Kinsley (1933) estim ated  the annual loss from  hog cholera to 

be 20 m illion dollars . Quin (1950) approximated the annual 

loss at 30 to 40 m illion do llars . Deaths due to hog cholera 

have d ecreased  from  120 per 1,000 swine in the g rea t outbreak 

of 1887, and 130 per 1,000 in a s im ila r  outbreak in 1897 to 72 

per 1,000 during 1913 — 16 (Haring, 1916). The death ra te  fu rther 

decreased  from  51 per 1,000 during 1917—20 to 39 per 1,000
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during 1921-24, 23 per 1,000 during 1925-28, and 18 per 1,000 

during 1929—31 (Kinsley, 1933). However, there still rem ains a 

problem  of decreasing  the lo sses  which are  frequently associated  

with se rum  and v irus  vaccination. Although the g rea tes t  num

b e rs  of swine lost were among nonvaccinated anim als, there  

were perhaps as many as 25 percent (Atherton, 1923-24) lost 

as the d irec t re su lt  of vaccination following the use of serum  

and v irus . Ray (1950) stated that after a decrease  for five 

yea rs ,  there was an increase  in the prevalence of hog cholera 

in severa l sta tes west of the M ississippi River. In s ta tes 

where there  was an in c rease  in hog cholera there  was also an 

in c rease  in postvaccination d isa s te rs .

The subject of postvaccination lo sses ,  frequently d is

cussed at professional m eetings and in the l i te ra tu re ,  became 

even m ore  im portant with the increased  losses  from  vaccina

tions during the yea rs  of 1949—50 (USDA, BAI, 1950). The 

factor involved in some of these lo sses  has been described  as 

a varian t of hog cholera v irus  p resen t in the v irus p re p a ra 

tion used in vaccination (Dale et al. , 1950). Difficulty in m ain 

taining this unstable varian t in se r ia l  animal passage explained
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the lack of protection given by se ra  which la te r  dem onstrated 

low potency against the variant.

In view of the above-mentioned fac to rs , the investigation 

reported  in this paper was instigated to study an atypical s tra in  

of hog cholera v iru s , to determ ine how this v irus differs from  

the m ore  typical s tra in s  and, how to m aintain these atypical 

c h a rac te r is t ic s  in se r ia l  passage.



R EVIEW  O F L I T E R A T U R E

Since the outstanding re se a rc h  of D orset, Niles and 

McBryde (1908) many advances have been made in the p roduc

tion of anti hog cholera  serum . Notable among the advances 

was the development of the bean ex trac t p recip itation  of red  

blood cells in the production of c lear se rum  (Dorset, 1916),

and the elimination of the shock factor by decreasing  the m a x i-

°  °m um  heating tem pera tu re  from  60 to 59 C. as the re su lt  of 

re se a rc h  by Munce and Hoffman (1930).

These im provem ents greatly  reduced the hazards  of 

using se rum  and v irus  but se rum  producers  and p rac tit ioners  

continued to be plagued by an excessive number of post v a c c i

nation lo sses .

Various fac to rs ,  m ost of which were im portan t in the 

vaccination of swine against hog cholera, were s t re s s e d  in 

explaining the untimely deaths of healthy pigs following the 

simultaneous injections of anti hog cholera serum  and hog 

cholera  v irus .

Of these fac to rs ,  bac te ria l  infections in vaccinated a n i

m als  had been the m ost commonly recognized causes of
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vaccination fa ilu res . The work of Salmon and Smith (1885- 

1889) with the bacillus which la te r  was given Salm on's name, 

s t re s se d  the frequency with which Salmonella cho leraesu is  was 

found associa ted  with hog cholera infections. The pathogenicity 

of this o rganism  for swine was indicated also, and its  im p o r

tance as the p r im ary  etiological agent in hog cholera  was r e c 

ognized until the work of De Schweinitz and D orset (1903) proved 

a v iru s  to be the causative factor.

N evertheless , Salmonella cho leraesu is  continued to play 

an im portan t p a r t  in explaining vaccination fa ilu res  where the 

organism  was frequently iso la ted  from  sick or dead an im als.

Its im portance was em phasized by such men as Hoskins (1915), 

D orset (1921), Cahill (1923), Van Es and Olney (1944), and Ray 

(1948).

Hutyra ^t al. (1946) regarded  B acterium  suipestifer 

(Salmonella cholerae su is ) and possibly other m em b ers  of the 

paratyphoid group, such as B acterium  (Salmonella) en te ritid is  and 

B acterium  (Salmonella) m urium  as playing an im portant p a r t  in 

the pathogenesis of hog cholera by inducing a septicem ia in hog 

cholera  infected swine and superimposing b ac te ria l  infections 

upon the v irus  infection a lready p resen t.
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According to D orset (1921) repeated  t r ia ls  showed that 

when susceptible pigs were injected simultaneously with the 

filterab le  v irus  of hog cholera and live cultures of Salmonella 

cholerae su is , a much m ore  acute d isease  ensued with deaths 

in five to seven days. V irus alone generally  takes fifteen days 

to cause death.

Van Es and Olney (1944) were able to produce a 70 p e r 

cent death loss following serum  and v irus  vaccination of anim als 

fed Salmonella cholerae suis infected feed for periods of one to 

two months p r io r  to vaccination. Cahill (1923), however, was 

unable to dem onstrate  e ither hog cholera v irus or bac te ria l  

infections in a large proportion of postvaccination deaths and 

believed that the loss was due to some factor other than bac

te r ia  or hog cholera v irus. Doyle (1920) found a large p ropor

tion of cholera—infected hogs having simultaneous gas producing 

b ac te riem ias . The b ac te ria  proved to be Salmonella paratyphosa 

A and B  and were highly fatal to rabbits. However, hog cholera 

blood containing gas fo rm e rs  was no m ore  harm ful than hog 

cholera blood without gas fo rm e rs  when injected in large quan

tities  into hog cholera immune hogs.
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F o r  y ea rs  P a s te u re l la  m ultocida was a popular though 

unproved etiological factor in swine d isease . Although its  im 

portance has dimmed, it has not faded completely as i t  was 

described  by Hutyra et al. (1946) as an organism  that gave 

r ise  to a rapid fatal sep ticem ia in pigs already infected with 

hog cholera. They also described  E scherich ia  co li , C orynebac-  

te r ium  pyogenes, and B acterium  pyocyaneum (Pseudom onas 

aeruginosa) as o rgan ism s found in the blood of swine infected 

with hog cholera, apparently  existing as adventitious o rganism s 

having no etiological significance. Bacillus (C lostrid ium ) oede

m a tis  maligni was credited  by these authors as producing severe  

complications in swine fever by penetrating the stom ach wall, 

and then being c a r r ie d  to the m uscles  where gas production 

took place.

Botulinus, type A, association  with vaccination lo sses  

was d iscussed  by G raham  (1921), who found the o rganism  p resen t 

in 16 percen t of com m ercia l an ti-hog-cholera  products and de

scribed  specific botulinus intoxication which he believed lowered 

the re s is tan ce  of the animal and perm itted  the development of 

a la tent low grade hog cholera.
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Simultaneous infections of swine with, influenza v irus  and 

hog cholera  v irus  through the m edium  of anti hog cholera  p ro d 

ucts has also been shown. Scott (1943) isolated swine influenza 

v irus  from  pigs dying following vaccination against hog cholera 

when the sim ultaneous se rum  and v irus  method was used. He 

was of the opinion that hog cholera infection, resulting from  

vaccination, caused m obilization of influenza v irus  from  the 

lungs into the blood s tre a m  resulting in the development of 

lesions of both d iseases .

Young (1950) has suggested that swine might be suscep

tible to many s tra in s  of human influenza v irus as well as to 

the swine s tra in s ,  indicating a s till wider scope of possible 

simultaneous infections.

Im proper handling of anim als during the vaccination 

procedure has also been condemned. Reynolds (1912), Ray 

(1948), and o thers  have warned against the failure to vaccinate 

all anim als in a drove, as well as the p rac tice  of unclean 

su rgery , and the injection of se rum  into one of the system s of 

elim ination such as the intestine or the u rina ry  bladder in 

in traperitonea l vaccination.



Serum dosage has been recognized as perhaps the g re a t

est single fac tor in controlling vaccination losses  particu la rly  

in anim als showing evidence of poor health. Insufficient serum  

dosage m ay re su lt  from  syringe failure  or underestim ation of 

the an im al's  weight (Reynolds, 1912; Hoskins, 1915).

Serum dosage recom m endations have shown a steady 

trend  upward since 1912. The following chart shows that the 

m inim um  serum  dosage recommended by the F ed e ra l Bureau 

of Animal Industry 1951, was in c reased  25 percent over their  

1949 recom m endations and approximately 100 percen t over the 

recom m endations of Reynolds in 1912.

Reynolds

(1912)
BAI

1949

BAI

1951

Suckling pigs 10 cc 16 cc 20 cc

Pigs 20 to 40 lbs. 15 cc 24 cc 30 cc

Pigs 40 to 90 lbs. 20 cc 28 cc 35 cc

P igs 90 to 120 lbs. 25 cc 36 cc 45 cc

Hogs 120 to 150 lbs. 30 cc 44 cc 55 cc

Hogs 150 to 180 lbs. 35 cc 52 cc 65 cc

Hogs 180 lbs. and over 40-60 cc 60 cc 75 cc
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The possibility  of undesirable effects of large serum  

doses was explored by Van E s and Olney (1944) who demon

s tra ted  that 2 cc of hog cholera v irus  given with anti hog cholera 

se rum  doses of 0. 43 cc per pound of body weight perm itted  the 

best gains in pigs. When .0.86 cc of se rum  per pound of body 

weight was given, anim als rem ained  in good health but did not 

show the gains observed in the f i r s t  group. When 1. 72 cc of 

serum  per pound of body weight was used, two out of fifteen 

(13.33%) died of hog cholera in one experim ent and th ree  out 

of twenty (15%) died of hog cholera in a second experim ent, 

indicating the inadvisability of using large doses of se rum  with 

this v iru s . It was in teresting  to note that when as little  as 

0 .2  cc of se rum  per pound of body weight was given, only four 

out of fifteen died from  hog cholera. One other animal died 

in this group fro m  another cause, making the total loss  five.

A num ber of anim als rem ained alive but unthrifty.

The stability  of hog cholera  v irus in te rm s  of v irulence 

or as to antigenicity has been the subject of much speculation. 

Hupbauer (1933—34) tested  s tra in s  of hog cholera v iru s  from  the 

United States, Argentina, and Spain against serum  of G erm an 

origin and concluded that p lurality  of types does not exist in
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the sense that types exist in foot and mouth d isease . The 

se rum  dose was generally  5 cc per 10 kilogram s of body weight. 

When only 3 cc of se rum  for each 10 k ilogram s of body weight 

was used, the re su lts  varied  from  a m ild  reaction  with no 

deaths to a 40 percen t m orta lity  with all s tra in s  used.

Kobe and Schmidt (1934) were able to produce a chronic 

type of hog cholera  by dilution of the v irus  and concluded that 

chronic hog cholera was not the m anifestation of a type of v irus

but ra th e r  a question of reduced v iru lence, and assoc ia ted  with

the amount of the infecting dose of v irus .

Kernkamp (1947), however, cited specific field cases  of 

chronic hog cholera with 17 day contact incubation periods o c 

curring  in vaccinated as well as nonvaccinated droves.

A hog cholera  v irus  of an en tire ly  different antigenic 

nature was reported  by Montgomery (1921) in B rit ish  E a s t  Af

r ica  and by De Kock (1940) in South Africa. The d isease  p ro 

duced by this v irus followed the same pattern  of symptoms and 

lesions as the European and A m erican form s of the d isease  

with the exception of the incubation period. African hog chol

e ra  had a short incubation period  of 36 hours to four days with 

the average being about two days from  the time of injection.
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The vaccination d isa s te rs  of 1949-50 resu lted  in inves

tigations by Dale et al. (1951) who showed definite indications 

of a varian t nature of the v irus  involved. Of fo rem ost in te re s t  

in the ir  work was the failure of some com m ercia l se ra  to p ro 

tect against ce rta in  v iru ses  iso la ted  from  field cases . Exam 

ples of these te s ts  a re  as follows:

Weight
(Pounds)

Amount of 
Serum (cc)

Kind of 
Serum

Death or 
Severe Reaction

60-80 30 Com m ercial 8/8

90-100 30-36 11 4/7

50-60 35 r i 3/3

58 5 BAI Exp. 1 2/2

32 5 11 2/2

81 15 11 3/3

41 15 11 1/4

67 15 11 4 /4

82 15 11 15/15

74 30 r i 3/3

46 30 i I 0/2

76 30 11 2/4

82 30 11 11/15

57 45 t  i 0/2

51 45 i i 0/2

97 45 i i 0 /4
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Inasmuch as the v irus  they tested  produced no ill  effects 

when used to challenge cholera-im m une pigs, and since it p ro 

duced typical cholera  in cho lera-suscep tib le  pigs but failed to 

be neutralized  by hog cholera an tise ra  that protected  against 

regu la r  v iru ses , they concluded that they were working with a 

varian t hog cholera v irus.

No mention of nervous d iso rd e rs  was made in the afo re

mentioned paper although apparently such has been common in 

a number of so-called  vaccination "b reaks . " An ed ito r 's  note 

(1951) stated that "outbreaks of unidentified nervous d iso rd e rs  

in swine have been reported  by p rac titioners  in widely separated  

locations in the cornbelt. "  Quin (1950) concurred that sporadic 

cholera convulsions occur in peracute cases, and stated that 

the m ost typical thing about hog cholera is  that i t  frequently is  

atypical.

The development of convulsions in pigs affected with hog 

cholera is  not a recen t observation. Brunschw iler (1925) ob

served  that an animal may run in c irc les  f i r s t  to the right and 

then to the left, subsequently throwing itse lf  down and going into 

a "c ram p . " It would draw itse lf  backward with an opening and 

closing of the mouth. Dilated pupils, and pushing movements

with the front legs extended were also observed.
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Seifried  (1931) repo rted  the experim ental production of 

39 cases  of encephalitis in swine charac te rized  by histological 

changes in the brain . Nervous symptoms of varying degrees 

were seen. He did not make it c lea r ,  however, whether these 

nervous symptoms were severe  enough to be called convulsions. 

Also it was not ce rta in  whether he had maintained such activity 

through se r ia l  animal passages.

Hutyra et al. (1946) stated that

Exceptionally there  occur convulsions and various 
compulsive m ovem ents with m arked  lethargy. Attacks of 
delirium  also occu rred  concurren t with hem orrhages b e 

tween the meninges or into the b ra in  substance. (Usually, 
however, histologically dem onstrable encephalomyelitis is  

sym ptom less. )

Encephalitic symptoms were reported  with other d iseases  

of swine involving a number of anim als in a drove. Ray (1945) 

observed exaggerated nervous symptoms in swine infected with 

streptococci. In such outbreaks, a number of swine have d e 

veloped b ra in  involvement. These anim als walked continuously, 

som etim es in c irc le s  or a im less ly  about in the pen. They som e

tim es stepped high with the fo refee t which resu lted  in a peculiar 

d is tre sse d  motion. Such cases  showed no diagnostic lesions but 

resem bled  other acute septicem ic d iseases  of swine.
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Hofferd (1944) stated that convulsions may be exhibited 

in cholera  infections, but are  seen in a number of other d iseases  

including d ietary  deficiencies. It is  possible that the author was 

re fe rr in g  here  to calcium  deficiency tetany.

Kaplan (1948) described  encephalitic clinical reactions 

of swine infected with "porcine encephalom yelitis"  or T eschen 's  

d isease . Such anim als showed incubation periods of three to 

th ir ty —one days. L assitude, depression , and m ild  ataxia devel

oped into nervous excitement. P a ra ly s is  followed m uscu lar 

t re m o rs ,  convulsions, salivation, gnashing of teeth, chewing of 

bedding, and circling. The anim als would fall on the ir  sides, 

squeal, go into convulsions, recover, and then regain  the ir  feet. 

The paraly tic  stage came gradually, the anim als losing control 

of their  hind legs exhibited a "dog s itt ing"  posture and a d rag 

ging of the r e a r  q u a r te rs .  Approximately 50 percent of affected 

anim als died during the f i r s t  two weeks. E arly  recoveries  in 

nonparalyzed anim als occurred  in one to two weeks. Some 

anim als rem ained paralyzed for weeks.

Findlay (1938) c lassified  varian ts  according to environ

m ental conditions which brought about their  changes. The con

ditions cited involved the passage of v iru ses  through (a) different
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t issues  in a different species, such as yellow fever in the b ra ins  

of m ice; (b) d ifferent t is su es  of the same species, developing 

neurotropic  s tra in s  by b ra in  passage, e. g. , yellow fever in 

rhesus monkeys; (c) the same tissue , but different species, e . g . ,  

vaccinia produced from  vario la  in calf skin; (d) embryonic t i s 

sue in v i t ro , e . g . ,  pantropic yellow fever in T y ro d e -se ru m - 

chicken or mouse embryo tissue; (e) chorioallantoic m em brane 

of developing chicken embryo, e . g . ,  decrease  of influenza pa th 

ogenicity by propagation in these t issues; (f) mouse carcinom a, 

e - g* » pantropic yellow fever lost virulence for rhesus monkeys

as the re su lt  of prolonged passage; (g) a lteration  of physical

o
conditions, e . g . ,  vaccinia propagated at 37.5 C. ; and (h) t r e a t 

m ent of one v irus by another killed v irus , e . g . ,  active fibrom a 

virus and he at-inactivated  myxoma v irus  produced m yxom atosis.

Seria l passage of the fibrom a v irus in dom estic rabbits  

by Andrews (1936) resu lted  in the production of an acute in flam 

m atory  reaction  in place of the fib rom a-like  growth.

The existence of a common stem  v irus  for St. Louis 

encephalitis and W estern equine encephalomyelitis v iru ses  was 

suggested by Hammon (1948) who isolated an agent f r om chick 

m ites . This agent was modified by passages in different species
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until i t  developed into distinct types, namely, St. Louis encepha

litis  v irus  in m ice , and W estern equine encephalomyelitis in 

chicken embryo. He considered that coincidental "m ixed infec

t io n s"  with St. Louis encephalitis and equine encephalom yelitis, 

occu rred  too frequently for m ere  coincidence.

Taylor (1949) observed an antigenic change from  the 

paren t stock of an influenza v irus s tra in  as the resu lt  of pas

sage through embryonated eggs in the presence of immune 

serum . It was thus conceivable that the natura l passage of 

influenza v irus  through human subjects where antibodies are  

encountered as the re su lt  of previous infections might give r ise  

to s tra in  deviation.

In tra c e re b ra l  inoculations of infectious agents has r e 

ceived much attention in the la s t  score of yea rs .  In demon

strating the pathogenicity of B .C .G . vaccine, Neiman and Wool- 

pert (1936) in jected guinea pig fetuses in trace reb ra lly  and were 

able to dem onstrate  multiplication of tuberculosis o rganism s.

In an attem pt to find a labora to ry  animal suitable for 

yellow fever re se a rc h ,  Theiler (1930) injected m ice in t r a c e re 

b ra lly  and found that these rodents were susceptible to inocu

lation by this route while by all other routes of inoculation they
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were re s is ta n t  to infection. The s tra in  was c a r r ie d  for m ore 

than seventy b ra in - to -b ra in  passages. This estab lished  v irus  

was highly neurotropic for these anim als but m anifested a loss 

of v irulence for monkeys.

In discussing tissue  affinities of v iru ses ,  Galloway (1936) 

stated  that yellow fever, louping-ill, equine encephalomyelitis 

and A frican h o r s e —sickness v iru ses  were pantropic in the sense 

that they possessed  multiple cellu lar affinities. This was m ost 

true with yellow fever, w hereas with louping-ill these affinities 

were m ore  lim ited to the reticulo-endothelia l system . N ever

the less , he considered all of them as possessing  neurotropic  

p o ten tia lit ies .

L am m ert  and Moussatche (1943) were able to adapt tissue  

culture-grow n yellow fever v irus in one— to fo u r—day old chicks 

by se r ia l  b ra in - to —brain  passages. The v irus  was not enceph- 

a litic  in the chick but was severely  encephalitic when injected 

into monkeys.

Reichel (1913) com pared the inc rease  of v irulence of hog 

cholera  v irus  in se r ia l  passages to fixed rab ies v irus  which was 

passed  through se r ia l  animal passage until a m axim um  virulence 

was obtained.
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Wright and Habel (1948) dem onstra ted  that sub s tra in s  of 

P a s te u r  fixed rab ies  v irus  were neither identical in the ir  an ti

genicity, the ir  ability to overcome rab ies immunity in im m u

nized m ice, nor in the incubation periods, duration of symptoms 

or lesions of the type of d isease they produced.

Other than body tem pera tu re ,  the determ ination of total 

white blood cells per cu. mm. of blood, re fe r re d  to h e rea f te r  

as T .W .B .C . ,  has rem ained about the m ost sa tisfac to ry  la b o r

atory aid available for following the course of infection in hog 

cholera inoculated swine.

The T.W . B .C . Ts of 40 norm al swine were found by King 

and Wilson (1910) to average 19,982 with a range from  10,070 

to 39,296. In cholera-infected  swine the average T .W .B .G . 

was 15,515 in 20 anim als with a range of 7,200 to 23,600. No 

inform ation was given on methods of inoculation, amounts of 

v iru s ,  day afte r  inoculation that the sample was taken, or d u ra 

tion of i l ln ess .

Dinwiddie (1914) cited norm al T.W . B .C . fs ranging from  

7,800 (suckling pig) to 17,600. He observed that T .W . B .C . 's 

d ec reased  from  8,500 on the f i r s t  day of illness to a low of

2,000 on the sixth day of i l ln ess .  Of the pigs studied, the
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range on the sixth day of illness was from  2,000 to 15,300.

The la t te r  animal lived for m ore  than 32 days.

Cahill (1928-29) reported  norm al T.W . B .C . at 13,600 

with a range of 10,300 to 16,600. He observed a drop to 4,400 

in 24 hours using com m ercial v iru s . At no tim e did the count 

exceed 5,100. Jus t p r io r  to death T.W . B .C . dropped to 600 

and 2,200 in two anim als. The total number of anim als inocu

lated or the inoculation dose was not mentioned.

Thorp and G raham  (1930) found an average T.W . B .C . 

of 27 cases diagnosed as hog cholera to be 7,700.

Hewitt (1932) found a wide varia tion  in T.W . B .C . *s of

swine in jected with v iru ses  from  different sources. T .W .B .C .  

of hog cholera-infected  pigs from  a com m ercia l serum  company 

averaged 4,609. Hewitt reported  that sam ples from  the United 

States B ureau of Animal Industry Experim ent Station at Am es, 

Iowa, averaged 17,489 T.W . B .C . ,  w hereas blood sam ples from  

cholera  infected pigs of the Iowa State College V eterinary  R e

search  Institute averaged 17,178. Blood sam ples were obtained 

from  the sixth to the twelfth days after v irus  inoculation. The 

average norm al T.W . B .C . 's of 51 swine was 21,524, w hereas 

the average of 53 hog cholera-infected  pigs was 10,422.
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A com prehensive study of the T. W. B. C. of cholera 

infected swine was made by Lewis and Shope (1929). Using a 

com m ercia l v iru s ,  in traperitoneal passages were made with blood 

drawn on the fifth day after inoculation. In e a r l ie r  passages, 

d isease was regu larly  induced after four to seven days incuba

tion. L a te r ,  a fter severa l passages, the incubation period was

regu larly  three days. The infective v irus t i te r  was g re a te r

-5 —6
than 10 but less  than 10 . The la t te r  dilution was not in 

fective. L ittle difference was shown between the effect on 

T.W . B .C . from, doses of 0.001 cc of v irus  and 4 .5  cc of v iru s . 

In the la t te r  case a low of 2,840 was reached on the seventh 

day. The sm aller  v irus dose resu lted  in T.W . B .C . as low 

as 4,250 also reached on the seventh day. A m arked  decrease  

in T.W . B .C . from  norm als averaging 16,505 to 8,550 and 11,880 

was observed on the second day. The course of the disease 

apparently  ranged from  10 to 37 days since T.W . B .C . d e te r

m inations were te rm inated  on those days.

Cole (1932) found that feeding of pigs caused a m arked  

in c rease  in the T.W . B .C . of 25 pigs from  an average of 17,742 

before feeding in the m orning to 22,893 one and one-half hours 

la te r  after feeding. In vaccination te s ts  pigs weighing 65 to 80



22

pounds were t rea ted  with 20 cc of se rum  and 2 cc of v irus .

All anim als rem ained  well but the T.W . B .C . rs dropped from  

a norm al of 16,171 to 13,106 on the second day and 8,320 on 

the th ird  day to a low of 7,206 on the fifth day. N orm als were 

reached again on the tenth day.

The average T.W . B .C . of 15 pigs receiving an e x p e r i

m ental s tra in  of v irus alone showed a relatively  slow decrease  

in num bers with a drop from  19,229 to 12,225 on the second 

day with com paratively little change until a low of 5,862 was 

reached on the eighth day. Kernkamp (1939) injected 55 swine 

in tram uscu larly  with hog cholera v irus  and found a m arked  drop 

from  an average norm al of 14,200 to 10,700 on the f i r s t  day to 

7,400 on the second day, and a low of 5,280 on the sixth day.

Dunne (1948) found that pigs a rtif ic ia lly  infected with hog 

cholera and suffering complications with pneumonia often did 

not develop a low T.W . B .C . until the sixth day after inocula

tion with the hog cholera  v irus.

The sea rch  for labora to ry  aids in the diagnosis of hog 

cholera  prom pted investigations into the use of the complement 

fixation te s t  by such investiga to rs  as Healy et al. (1915) and 

Connoway and Durant (1915). Both groups believed that they



23

had developed a sa tisfac to ry  system . Their success , however, 

was not confirm ed by others.

Cell inclusion bodies observed in cells of the conjunctiva 

by H im m elberger (1916) and in the endothelial cells  of gall-b lad

der by Boynton et al. (1941) and Sippel (1945) provided hope for 

a field diagnostic aid.

Growth of hog cholera v irus  on tissue culture was r e 

ported by Hecke (1932) and Boynton et al. (1948), and on chorio

allantoic m em branes of chicken em bryos by Tenbroeck (1941). 

Although im portant contributions to the experim ental field these 

system s offered little  im m ediate aid in testing for the presence 

of v irus  in an unknown sample.

Attem pts to use laboratory  anim als for hog cholera 

diagnostic purposes by Jacatot (1937) and Muir (1943) m et with 

no success. Z ichis (1939), however, was able to pass the hog 

cholera v iru s  through ten se r ia l  passages in sheep while Baker 

(1946) and Koprowski (1946) were able to dem onstrate  se r ia l  

passage of the v irus  in rabbits . Clinical symptoms were so 

slight, however, that they provided no aid from  a diagnostic 

standpoint.
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The in trad e rm al skin te s t  of Sarnowiec (1934) suggested 

a possible field te s t  for hog cholera but does not eliminate the 

use of swine as the tes t  animal.

Kernkamp and Roepke (1942) dem onstrated in v itro  neu

tra liza tion  of hog cholera  serum  as a laboratory  aid with lim 

ited possib ilities .

The use of b ra in  sections as a diagnostic aid has been 

studied by such m en as Brunschw iler (1925), Seifried (1931), 

R bhrer (1934), and Kobe (1934) with somewhat conflicting r e 

sults. Helmbolt (1950), however, dem onstrated  that perivascu lar  

cuffing and m icrog lia l foci resulting from  hog cholera infections 

were found p r im arily  in the bra in  stem  and in m ore  than 90 

percent of the cases.



MATERIALS

The v irus  used in this experim ent was isolated from  a 

pig following field vaccination fa ilu re . The following d e sc r ip 

tion of this case and the subsequent trea tm en t of the v irus  p r io r  

to i ts  usage in in trac ran ia l  passage offers an in teresting  back

ground for this experim ent. The pigs averaged about 75 pounds 

in weight, and received  48 cc of se rum  and 3 cc of v irus . A 

50 percen t loss  was suffered in this herd. Severe pneumonia 

was evident in many of the sick pigs. D iarrhea  was not p re v 

alent. Some of the anim als, including the one p resen ted  for 

autopsy, had been injected with penicillin. No h istory  of con

vulsive action was given. The anim als were on .a high protein, 

alfalfa m eal, corn and oats ration. This pig was staggering 

with weaving motion of i ts  hind q u a r te rs ,  had a T.W . B .C . of

8,000 and a tem pera tu re  of 106.0 degrees F.

L esions, upon necropsy of the animal submitted to the 

Michigan State College Animal Pathology L aboratory , included 

m ild  focal pneumonia, pe riphera l hem orrhage of the lymph nodes, 

petechial hem orrhages  of the kidney, bladder and gall-b ladder.

The kidneys also showed some infarction. There was severe



26

early  button u lcer form ation in the colon and cecum, and. mod

era te  u lceration  of the stomach.

A section of the intestine showing severe u lceration 

was ground with s te r ile  quartz  and filte red  through a Seitz 

E -K  filte r .

One passage through swine was made with this v irus 

before in trac ran ia l  passage was attempted. Six pigs were inoc

ulated with the in testinal f il tra te  in the following m anner: Two

w ere injected in tranasa lly , two in traderm ally  and two subcu- 

taneously. One animal from  each of the respective groups of 

two was placed on a feed containing 10 g ram s of purified 

aureom ycin per 100 pounds of feed. A vaccinated control was 

placed with the group not receiving the aureomycin.

In sum m arizing the resu lts  of daily tem p era tu res  and 

total white blood cell determ inations (Table I), the aureomycin 

trea ted  group developed an e a r l ie r  tem peratu re  r is e ,  and a 

generally  lower T.W . B .C . , but ran  a somewhat m ore  chronic 

course than did the non-aureom ycin group. In the aureom ycin 

trea ted  anim als one pig showed convulsions on the 11th day 

after inoculation of the v irus.
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P o s t  m o rtem  lesions in these pigs were not m arkedly  

different from  those of anim als from  which the seed v irus  was 

obtained. However, neither the aureom ycin group nor the con

tro l group developed en te rit is .

Hog cho lera-vaccinated  pigs were obtained from  the co l

lege herd  where they had been routinely vaccinated with serum  

and v irus  by college v e te rin arian s .

Susceptible pigs used in this experim ent were obtained 

from  fa rm e rs  in ru ra l  a re a s  near the laboratory . Since v ac 

cination against hog cholera is  not p rac ticed  extensively in 

cen tra l Michigan, it was re la tively  easy to find susceptible an 

im als  for experim entation with the v irus of hog cholera. When 

possible, groups of 30 or m ore  were purchased at one time in 

an attem pt to control individual varia tions in re s is tan ce . Size 

and age varied  somewhat, although eight week-old weanling pigs 

were desired . During the winter months, 12- to 14-week old 

pigs were the youngest anim als available. During the spring months, 

however, eight-week old weanling pigs were obtained. Since a 

two-week quarantine period  was observed, and since not all the 

pigs were utilized in experim ents at once, some of the anim als 

grew to 75 pounds or m o re  in the e a r l ie r  groups before they
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were used. The problem  of handling these la rg e r  pigs made 

them undesirable from  an experim ental standpoint. Little 

attention was given to the b reed  of pigs purchased. With few 

exceptions a ll were c ro ssb red  pigs. The exception was one 

group of O. I. C. Chester Whites. Since m ost of the c ro ssb red  

pigs came from  m ore  or less  rem ote Hampshire lineage, it 

was inevitable that many should display a black hair  coat with 

white belting .



METHODS 

Virus P repara tion

The b ra ins  from  infected, anim als were maintained in a 

deep freeze  at —20 C. until the day before inoculations were 

to be made. Where possible, the bra in  selected for the experi

m ental s e r ia l  passage was one that had been removed from  the 

f i r s t  animal to die in the la s t  completed passage of the se r ie s .  

The f i r s t  anim al to die was usually one of those which had suf

fered  convulsions. Thus selection was made on the basis  of 

ea r ly  death and convulsions.

The b ra in  was removed from  the deep freeze  and allowed 

o
to thaw at 42 C. A portion, never m ore  than half of the brain , 

was weighed accurate ly  and ground in a m o r ta r  with s te rile  

quartz  sand. B ra in—heart infusion broth was added in sufficient 

quantity to make a 20 percen t suspension of the tissue . Saline 

was used as a vehicle for a short period but the use of broth  

was resum ed  after  th ree  passages. This suspension was cen

trifuged at 3,000 to 4,000 r .p .m .  for periods of 20 to 30 m inutes 

in an International re fr ig e ra ted  centrifuge and filte red  through a
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Seitz E —K fil te r  pad. The higher speed and longer period 

facilita ted  filtra tion .

Since i t  was believed that excessive quantities of v irus 

adhered to the f il te r  pad during the filtra tion  p ro cess ,  an a t

tem pt was made to elim inate filtra tion  by the use of antibiotics. 

Thus, to control b ac te ria l  contamination, 5,000 units of penicillin 

was added to 100 cc of the brain  in broth  suspension. This 

method was used in only two passages.

Bacterio logic te s ts  of the finished product were made by

inoculating 0 .5  cc of the m a te r ia l  into a tube of nutrient broth

o
and incubating at 37 C. for 48 hours.

Animal inoculations included the injection of rabbits  

through in travenous, subcutaneous and in trac ran ia l  routes with 

amounts varying from  0. 3 cc to 3 .0  cc. Chicken embryos 

were inoculated in the yolk sac, chorioallantoic m em brane and 

cerebrum .

U ltracentrifuged v irus  m a te r ia l  was p repared  by sub

jecting 30 cc of f i l te red  b ra in  suspension, as described  above, 

to centrifugation at 42,000 r .p .m .  , averaging 144,500 g. , in a 

Spinco u ltracen trifuge. The resulting pellet was re  suspended 

in 1.0 cc of the supernatant fluid and injected subcutaneously
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into a cholera  susceptible pig. The virus used in this experi« 

m ent was obtained from  an animal inoculated subcutaneously 

with phenolized com m ercia l hog cholera v irus.

Swine Inoculations

Quarantine pens were m aintained approximately 1,000 

yards fro m  the infected p rem ises . Susceptible anim als were 

m aintained in these pens under s tr ic t  quarantine until they were 

needed for experim ental purposes. The ca re taker  was allowed 

to have no contact with the hog cholera infected pigs, the in™ 

fected p re m ise s ,  or the laboratory  in which the v irus was 

handled.

The isolation pens, in which the inoculations were exe™ 

cuted, were of two types, both contained in a single cem ent block 

s tru c tu re . The large  pens had outside windows for ventilation 

and were provided with an entrance vestibule. Two solid doors 

of the entrance vestibule separated  the infected pen from  the 

cen tra l  hallway. In this entrance vestibule was a sink, soap, 

scrub b rush , paper toweling, th e rm o m ete rs ,  coveralls , boots, 

a ll v irus  f ree , and an eight inch deep foot bath containing five 

percen t sodium hydroxide for boot disinfection. A s te rilized
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feed can with feed, and a dispensing bucket were also maintained 

within the vestibule. Sufficient feed was provided to la s t  through 

the experim ent. Any surp lus, not fed to the infected pigs, was 

given to recovered  an im als. These pens were sufficiently large  

to accommodate conveniently six to eight sm all pigs.

The sm a lle r  pens were a rranged  to provide space for 

one or possibly two sm all pigs. A cage was constructed at 

table height in each pen with a four foot wide sliding wire m esh  

door which could be ra ised  to perm it access  to the animal. 

Construction of the room was s im ila r  to that of the previously 

described  la rg e r  pen, including the vestibule and sink, with the 

exception that ventilation of all but one pen was obtained through 

the cen tra l  hall. This la s t  feature n ecessa rily  lim ited the usage 

of these units. Hoes were maintained in each unit for scraping 

fecal m a te r ia l  into a d isposal can. The refuse container r e 

m ained in the pen until the term ination of the experim ent. 

Operating gowns were provided in each sm all unit to eliminate 

a change of coveralls  before entering each pen.

Cleansing and disinfecting the contaminated pens provided 

difficulties which were expected. Following the term ination  of 

an experim ent, the walls and floor of the pen with its  residue,
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bedding in some cases , feed, and troughs were thoroughly soaked 

with five percen t sodium hydroxide solution and allowed to stand 

for a period of 24 hours. The debris  was then removed and 

the pen thoroughly scrubbed and hosed. When the surplus water 

had drained, walls, ceiling and floor were thoroughly soaked with 

a five percen t solution of sodium hydroxide using a th re e —gallon 

hand pumped spray  unit. The spraying process  was repeated 

two additional tim es over a 48-hour period and the pen then 

allowed to rem ain  idle for a week. Buckets, rubber hose, 

shovels and troughs were subjected not only to the sodium hy

droxide spray, but also to a steam  trea tm ent for four hours.

Controls placed in these pens during the course of the 

experim ents gave evidence that the des ired  elirriination of all 

the hog cholera v irus  had not been accomplished.

Since there  was a p ressing  need for the use of these 

pens, they could not be allowed to rem ain  unoccupied for a 

sufficient length of time to allow the residual v irus to be de

stroyed. It appeared that one week was too short a period to 

accom plish this des ired  end. To circum vent this obstacle, the 

procedure was concluded by allowing the room to dry after the 

spraying and then painting the walls and floors with "T ex tone ,"
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a w ater soluble alkaline re s is ta n t  plastic type paint. Wooden 

doors were trea ted  with linseed oil and m eta l p a r ts  were painted 

with aluminum paint. This procedure proved to be satisfactory .

Susceptible swine were transported  from  quarantine pens 

to the experim ental barn  by means of a clean t ra i le r  used only 

for this purpose. Virus free w orkers wearing s te r ilized  cover

alls  and sodium hydroxide cleansed boots removed the anim als 

f rom  the t r a i le r .  In the cen tral hallway which was wet with 

five percen t sodium hydroxide, the pigs* tem pera tu res  were 

taken and then the anim als were bled via the an te rio r  vena 

cava with four-inch  18 gauge needles and five cc syringes.

Vials containing 0.5  cc of a solution of ammonium and potas

sium oxalate (4.80 g ram s and 3.20 g ram s, respectively , per 

li te r)  were dried  and used for the blood containers. This was 

adequate for five cc of blood. All instrum ents were s te rilized  

before use. Num bers were clipped on the backs of the anim als 

and a complete descrip tion  of sex and m ark ings noted before 

placing the subject into the experim ental pen. Sometimes the 

anim als were inoculated within a m atte r  of a few m inutes fol

lowing the ir  d istribution  in the pens. Under no c ircum stances , 

however, was inoculation delayed m ore  than 24 hours.
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In tracran ia l inoculations were made with the animal under 

anesthesia . Surital sodium (Parke Davis) in a 1:25 aqueous so

lution was injected e ither intravenously via the an te rio r  vena 

cava or in trap erito n ea lly . The fo rm er method insured  quick 

complete anesthesia  using approximately one cc of the solution 

to five pounds of animal weight. The la tte r  method provided a 

quick, easy method of injection, and a number of anim als could 

be injected in succession. With this method, approximately ten 

m inutes was allowed for the animal to lose consciousness. No 

fu rther handling was then n ecessa ry  and inoculations could be 

made in a quick, efficient and humane m anner. Duration of 

surg ical anesthesia  in e ither case was from  ten to fifteen m in

utes, occasionally longer. No toxicity was observed and no 

anim als died following the use of the anesthetic.

The ha ir  on the p ig 's  forehead was clipped closely with 

an e lec tr ic  c lipper, using surgical blades, or with a sharp  pair 

of s c is so rs .  The a re a  was scrubbed with alcohol and painted 

with iodine. An incision was made on the m edial line slightly 

above the point where an im aginary line drawn from  the right 

eye to the base of the left ea r c ro sse s  a s im ila r  line drawn 

from  the left eye to the base of the right ea r. The skin of
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the forehead was then pulled to one side bringing the incision 

approxim ately one—half an inch la te ra l  to the m edial line. At 

this point the skull was trephined using a one m m . dental b u rr  

in an e lec tr ic  (Handi grinder) d rill ,  o r a handle equipped with 

a one—q u arte r  inch chuck and a sharp pointed wedge shaped 

pin fashioned from  a s ta in less  steel in tram edullary  bone pin. 

This provided a 5 / l6  inch, sharp pointed probe approximately 

l / l 6  of an inch wide at the base and with shoulders to prevent 

deeper penetration. When the cranium  was p ierced , a one—half 

inch needle was in se rted  into the cereb rum  and the v irus in

jected. The amount was 0.5 cc in the f i r s t  five passages and

1.0 cc the reaf te r  until the fourteenth passage when the 0.5 cc 

dose was resum ed. After injection of the v irus the needle 

was rem oved and the skin slid over the cranial opening.

Subcutaneously inoculated swine had 1.0 cc of v irus in

jected into the left ax illary  space. Serum, when given, was 

injected into the right ax illary  space. Vitamin E, when given to 

decrease  the an im al 's  re s is tan ce , was injected in the form  of 

wheat germ  oil into the right axillary  space. However, the 

wheat germ  oil was not given to anim als receiving serum .
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In m ost of the pens constant running water was provided 

for drinking purposes. Feeding was done once daily. The 

ration  consisted of:

Ground corn 60 parts

Ground oats 13 parts

Meat sc raps 10 p arts

Soybean oil m eal 14 parts

M ineral 3 parts

Irrad ia ted  yeast 

(Vitamin D2)
120,000 
per 100

Daily observations were made each morning. Coveralls 

provided in each pen were donned, boots scrubbed in lye solu

tion and hands scrubbed thoroughly with soap and water before 

entering the pen. T em pera tu res  were taken, actions observed, 

and blood sam ples taken. The la t te r  was accomplished by 

bleeding e ither from  the ea r  or the tail. The a rea  was cleaned 

with alcohol, d ried  with a piece of gauze, and a sm all incision 

made with a scalpel. The sample was collected with a white 

blood cell pipette and diluted with N/lO hydrochloric acid con

taining a sm all amount of gentian violet. The total white blood 

cell counts were made la te r  in the laboratory .
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When convulsions occurred , attem pts were made to 

secure Kodachrome motion p ic tu res , or black and white still 

p ic tu res  of the reacting  anim als.

Necropsy was perform ed upon all dead or moribund in

dividuals in the experim ent. The m ost desired  subject was one 

that was in a m oribund state , but frequently anim als died shortly 

af te r  attaining this condition. Those anim als found Min e x tre m is "  

were destroyed by electrocution, using 110 volts with te rm inals  

clamped on the ear and on the tail. Both sites were f i r s t  

dampened. T issues were routinely saved from  all anim als 

d issected .

Histological Methods

Organs from  which tis su es  were taken for sectioning 

included cereb rum , cerebellum , b ra in  stem, colon, rib sections 

from  costochrondral junction, auric le  of the heart,  kidney, liver, 

ga ll-b ladder, u r ina ry  bladder, tonsil, stomach, spleen and lymph 

node.

All t is su e s ,  except b ra in  and bone, were fixed in Bouin’s 

fixative (Lillie, 1949). The b ra in  was fixed in 10 percent 

fo rm ol-sa line  and the bone sections in Petrunkevitch (1933)
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solution. The sections were washed in two changes of 70 p e r 

cent alcohol for 24 hours. They were dehydrated and in fil

t ra ted  according to the butyl alcohol-paraffin m ush method of 

Johnson et al. (1943).

M icroscopic sections were cut at 7u and stained with 

hem atoxylin—eosin. Some sections were stained with M asson 's  

(Goldner, 1938) tr ich rom e stain.

B acterio logical Examination

A bacterio log ical check on all swine necropsied  was made 

by culturing the h e a r t  blood, the b ra in  and the large intestine.

A loopful of b ra in  tissue  was cultured upon blood agar slants. 

Three to five cc of h ea r t  blood drawn aseptically  with a s te r ile  

syringe was inoculated into a tube of beef h ea rt  broth. A s e c 

tion of in testine , p referab ly  a portion displaying a lesion of 

en te r i t is ,  was d issec ted  and placed into a tube of tetrath ionate 

broth  base m edium . Following 24-hour incubation, a tra n s fe r  

of a loopful of this m a te r ia l  was made to SS agar and to 

MacConkey agar. P icked colonies were inoculated into K lig ler 's  

iron  m edium  and those cultures showing even rem ote possib ilities
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of being salm onella  were fu rther checked for ferm entation r e 

actions in sugar tubes. Motility m edia were also used.

No attem pt was made to check the bac teria l flora of 

lungs showing evidence of pneumonia or to isolate b ac te ria  

from  stom achs showing ulceration.



RESULTS 

Encephalitic Symptoms

The p r im ary  symptomatic deviation of the d isease  caused 

by this v irus  from  that of hog cholera, as commonly observed 

in swine, was an inc reased  m anifestation of nervous symptoms 

between the th ird  and eleventh day following the inoculation of 

the v irus . Usually these symptoms were noticed f i r s t  on the 

fifth or sixth day, starting as convulsive se izu res  of one to two 

m inutes in duration. The in terval between se izu res  varied  

from  a few m inutes to two or m ore  hours. In some of the 

m ore  severely  affected anim als, the in tervals  became shorte r  

and sh o rte r  until a lm ost continuous convulsive activity was evi

dent. Usually at this time the animal was quite exhausted and 

its  activity was m ore  feeble. The convulsions commonly fol

lowed a pa tte rn . The animal stiffened, the head was thrown 

back, the eyes closed tightly, and the legs extended rigidly.

The subject rem ained  in this position, exhibiting a m uscu lar 

tre m o r  for a period of ten to fifteen seconds (Plate I, F igures  

1 and 2). This was followed im m ediately by an easing of



P L A T E  I

F ig u re  1. The in it ia l  stage of a convulsion with the pig th row 
ing i tse lf  backw ards.

F ig u re  2. A few m om ents  la te r  the an im al cam e to a stop 
ag a in s t the wall but s ti l l  in  a sta te  of convulsion. 
M ost an im als  do not re ta in  an  uprigh t position  a t 

th is  stage.
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PLATE I

Figure 1

Figure 2
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m uscu lar  tension, perm itting a b u rs t  of extended, running action 

while the animal rem sined  on its  side (Plate II, F igu res  1 and 

2). Loud squealing som etim es accompanied the running m ove

m ents which las ted  for a period of perhaps th irty  to forty s e c 

onds. With the cessation  of the convulsive action, the animal 

re laxed slowly but breathed heavily and displayed a wild look 

in its  eyes (Plate III, F igure 1). If quite exhausted upon c e s 

sation of convulsions the animal would frequently lie on its  

sternum  with a depressed  attitude (Plate III, F igure 2).

Upon becoming p ro s tra te ,  the pig would lie on one side 

only. Any attem pt to place it on the opposite side was m et 

with violent efforts  to regain the original position. The animal 

would struggle in a furious m anner. Usually the original p o s i

tion would be attained unless the animal was too weak. The

animal would then lie quietly until the next convulsion.

The se izu re s  did not always precede an early  death. 

Many tim es there  was complete recovery  from  nervous sym p

tom s. The animal even recovered  so far as to be able to get 

up on its  feet again, to take nourishm ent, and to live for sev 

e ra l  days. One animal survived for m ore  than a month fo l

lowing convulsive se izu res .



P L A T E  II

F ig u re  1

F ig u re  2

The two p ro s t r a te  pigs a re  in the la te  s tag es  of a 

se iz u re .  The pig in the fa r  background went into 
convulsions a m om en t la te r .

The running m ov em en ts  of th is  pig w ere  so ra p id  as  

to b lu r the p ic tu re .  Note the a rc  in the saw dust by 

the extended fo re fee t .
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PLATE II

.b- W T-.

F i g u r e  2



P L A T E  III

F ig u re  1. In the la s t  s tages  of se iz u re  the an im al had slow er
m ovem ents  and a wild look in i t s  eye.

F ig u re  2. Following se v e ra l  s e iz u re s  an an im al with suffic ien t

streng th  a s su m e s  an uprigh t position  and a p p e a rs  ex
hausted . U sually  an im als  re m a in  on th e ir  side a f te r

se v e ra l  convulsions.
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PLATE III

F igure 1

F i g u r e  2
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More commonly, death occurred  within two or three 

days a f te r  the onset of nervous symptoms. The animal did 

not always continue to show these symptoms until the time of 

de a th .

Tables I and II show that the occurrence of convulsions

was not re la ted  to the route of inoculation. Of 52 in t ra c ra n i-

ally inoculated anim als, 22 individuals or 42. 3 percen t displayed 

severe  nervous symptoms whereas 11 of 21 subcutaneous inoc

ulated anim als or 52.2 percent reac ted  in a s im ila r  m anner. 

There seem ed to be a somewhat cyclic variation in the incidence 

of convulsive activity throughout the se r ie s  of passages , with the 

pigs of some passages  reacting 100 percen t and others showing 

no encephalitic symptoms.

A sm all number (less than ten percent) of the anim als 

lis ted  in Table I as having nervous symptoms did not exhibit 

bonafide convulsions. These showed chorea-like m ovements of 

the head or legs, or winced spasmodically as if in severe  c e r e 

b ra l  pain. Since, in a few cases , the cessation of convulsive

activity had been observed to occur within a period of eight to 

ten hours from  their  onset, it  may be that these few cases  were 

passing through the end of a convulsion period. Shivering and
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TABLE I

THE RELATION OF NERVOUS REACTIONS TO THE 
COURSE OF THE DISEASE IN SERIAL 

INTRACRANIAL SWINE PASSAGES

P assag e
No.

No. with 

Severe 
Nervous 

Symptoms 
over No. 
Injected

Day Nervous 

Symptoms 
Observed

Day of 
F i r s t  
Death

Average 
Days of 
Survival

1 2/3 6, 8 8 15. 7

2 0/2 - 4 9. 5

3 2/3 6, 7 6 25. 0*

4 3/3 4, 5, 6 6 7. 7

5 0/1 - 8 8. 0

6 2/2 6, 8 6 15. 5

7 0/3 - 21 26. 7

8 2/2 9, 10 10 12. 0

9 3/3 3, 5, 6 4 8. 3

10 0/2 - 9 10. 0

11 0/4 - 8 9. 0

12 2/6 3, 5 4 11. 3

13 2/6 8, 11 9 12. 2

14 0/6 - 10 12. 0

15 3 /4 7, 7, 9 7 10. 5

16 1/2 4 5 7.0

* One animal showing no convulsions survived 48 days.
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TABLE II

THE RELATION OF NERVOUS REACTIONS TO THE 

COURSE OF THE DISEASE IN SUBCUTANEOUS 

INOCULATED SWINE

No. with
Virus of 

In trac ran ia l 
P assag e  

No.

Severe 
Nervous 

Symptoms 
over No. 
Injected

Day Nervous 

Symptoms 
Observed

Day of 

F i r s t  
Death

Average 
Days of 
Survival

3 3/3 6, 8, 8 9 10. 3

4 1/3 5 « 10. 7

5 o / i - 14 14

6 1/2 8 6 7

8 2/2 8, 9 8 9

9 2/3 5, 6 7 8. 7

10 2/7 7, 13 13 13. 6
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nervous m ovem ents were common in m ost dying animals but 

were not included in the table. Observations were not usually 

m ade m ore  than twice a day due to the distance between the 

labora to ry  and the quarantine q u a rte rs .  It may be that with 

c loser observation the number of convulsion cases reported  

would have been g rea te r .

One anim al suffered convulsions on the seventh day fol

lowing inoculation with v irus 1'A M and developed a poste r io r  

p a re s is  on the tenth day. It was able to drag itse lf  around 

with its  fo re legs, but could provide only feeble m ovem ents with 

i ts  hind legs for the remaining two weeks of its  survival period.

In 16 se r ia l  in trac ran ia l  swine passages of the virus there  

was a tendency toward decreased  encephalitic symptoms in pas

sages 10 through 14 as shown in Table I. However, pigs in 

passages 15 and 16 again showed m arked  convulsive activity.

The o v e r-a ll  occurrence  of nervous symptoms dropped from  

63.6 percent at passage 9 to 42.3 percent of all anim als inoc

ulated in tra c e re b ra lly  up to and including passage 15.

It is  in teresting  to note in Table I that convulsions were 

associa ted  with early ' deaths. Although many of the early  deaths, 

as well as la te r  deaths were the re su lt  of electrocution, all
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anim als destroyed were in a moribund condition, and did not 

appear strong enough to survive 24 hours. The average day of 

the f i r s t  death in groups showing convulsions occurred  6. 3 days 

following inoculation. The average day of the f i r s t  death in 

groups not exhibiting convulsions occurred  ten days postinocu— 

lation. Thus there  appeared to be a corre la tion  between the 

acute course of the d isease and the occurrence of convulsions.

Convulsions occu rred  from  the th ird  to the th irteenth  

day after inoculation but averaged 6. 7 days. It was observed 

that 80 percen t of all convulsions occurred  between the fifth 

and the ninth day after injection of the v irus. Death of pigs 

suffering convulsions occurred  on the average of 9 .6  days fol

lowing inoculation.

Goose —stepping was noticed in severa l animals.. P o s s i

bility of pantothenic acid deficiency existed only if the prolonged 

period of anorexia was sufficient to deplete any re se rv e  the 

anim al might have had. The diet provided adequate B v itam in- 

containing constituents for healthy pigs.

P e rv e rs io n  of appetites, in the form  of eating straw  in 

p re fe rence  to palatable feed, was also observed. Animals in 

a weakened condition would som etim es gnaw on the troughs, the



walls and even the attendant's  boots. Yet, if placed where good 

feed or drinking water was available, the pigs would often ig 

nore both. At such tim es the pigs would appear to be alm ost 

blind in the stumbling m ovements.

D iarrhea , following constipation, was common in many 

anim als from  the eighth day until death. The feces were u su 

ally yellow in color but frequently were black from  partia lly  

digested blood. In a few cases unaltered  blood was defecated.

During the colder months, when heat was provided in 

the pens, the mucous exudate dried  on the n o s tr i ls  of the pigs, 

sick seven days or longer. The exudate plugged the n o s tr i ls  

so that frequently the anim als had g rea t difficulty in breathing. 

This did not occur so frequently in la te r  experim ents.

Tem perature  Reactions

The ea r ly  body tem peratu re  r ise  in swine following inoc

ulation with V irus '*AM denoted a short incubation period and sug 

gested high v iru lence. In la te r  passages the tem peratu re  r e a c 

tions on the f i r s t  and second days appeared m ore  frequently  than 

in e a r l ie r  passages . P la te  IV shows the tem peratu re  reactions 

caused by v irus  " A "  as com pared to reactions observed by
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D orset (1922) and Kobe (1934). Only those anim als upon which 

daily tem p era tu res  were taken were included in the v irus "A "  

curve. P la te  IV dem onstra tes  that on the f i r s t  day following 

inoculation with v irus  " A ,11 35.5 percen t of 39 anim als showed 

a tem pera tu re  of 105.0 F . or higher. Reactions in 79.5 p e r 

cent and 97 .4  percen t of the anim als inoculated with v irus  ' 'A ' 1 

appeared the second and th ird  respective days. This is  com 

pared  to Kobe's findings of 4.5 percent, 14 percen t and 40.5 

percen t tem pera tu re  reactions on the f i r s t ,  second and th ird  

days respectively  after inoculation. D o rse t 's  observations of 

0 percent, 2. 25 percen t and 28. 0 percen t tem pera tu re  r e a c 

tions on the three days following inoculation are  also compared.

Com m ercial hog cholera v irus  I obtained locally and inoculated

o
into one pig caused a r ise  of tem peratu re  over 105.0 F . on 

the fourth day.

Effect of Virus on T . W . B . C .

The total white blood cell counts also indicated a 

short incubation period. A curve constructed f rom the median 

of daily T . W . B . C .  on 53 anim als (Plate V) shows a rapid drop 

on the f i r s t  and second days following inoculation with v irus
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A .M This curve is  com pared on the same chart with curves 

based on the daily T . W . B . C .  of anim als injected with com m er

cial v irus  I I .  The curve of the v irus UA M anim als shows evi

dence of a much m ore  acute reaction than that of the com m er

cial v iru s . In 15 se r ia l  in trac ran ia l passages there  was no 

indication of a decrease  in the leucopenic response to virus 

' ' A. "  C om m ercial v irus II is  rep resen ted  by the average 

T . W . B . C .  of six anim als.

Tables XIII through XXII give the detailed daily T . W. B . C .  

of in trac ran ia lly  inoculated swine through 13 of the 15 se r ia l  

passages as well as the T . W . B . C .  of subcutaneously inoculated 

swine and of anim als in some of the immunity experim ents. It 

will be noted that throughout the experim ents the short incuba

tion period of v irus  ,!A M is reflected  in the rapid drop of T. W. 

B.C.  When com pared to com m ercia l v irus I (Table XXV) and 

com m ercia l v iru s  II (Table III and XXV) it is  easily  noted that 

v irus  ' 'A 11 effects a much m ore rapid T . W. B . C .  drop than 

e ither of the two com m ercia l v iruses .

In various experim ental phases reported  in this paper 

the T . W . B . C .  is  used as a m eans of following the course of 

the v irus  infection. In conjunction with the use of body
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tem p era tu re s ,  tlie T. W.B.  C. is  an effective laboratory  aid for 

studying hog cholera v irus.

Immunity Reactions

The effectiveness of Bureau of Animal Industry E x p er

im ental se ru m  No, 1 and of a com m ercia l serum  was tested  

in a s e r ie s  of immunity experim ents . Table II sum m arizes  

the re su lts  of experim ents with BAI serum  and dem onstra tes 

its  re la tive  ineffectiveness in neutralizing v irus "A ."  In light 

weight pigs (35-40 lbs. ), all anim als became sick when injected 

subcutaneously with Z. 0 cc of the v irus and in tram uscu larly  

with 15 cc of the BAI serum . Four out of seven or 57. 1 p e r 

cent of these died. One of three 35 to 40 pound anim als s ick 

ened but did not die when 30 cc of serum  was used to neu

tra lize  the v irus .

The com m ercia l se rum  was much m ore effective but 

not completely effective when 15 cc amounts were injected 

into 60 pound swine as shown in Table III. Although this dose 

of se rum  is  sm all, i t  is  the F ed e ra l  BAI (1949) regulation te s t

dose for this size pig in com m ercia l serum  production.
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Two routes of v irus inoculation, the in trace reb ra l  and 

subcutaneous routes, were used in the immunity experim ents.

Of the two, the in tra c e re b ra l  route requ ired  the least serum  

for neutralization . This was at leas t  partia lly  due to the sm aller 

in tra c e re b ra l  v irus  dose which was 0.5 cc to 1.0 cc, while the 

subcutaneous v irus  injections were made in 2„ 0 cc amounts.

Exposure of Vaccinated Pigs

Four vaccinated pigs were exposed to the 1 *A11 virus.

P ig  No. 4 had been vaccinated approximately two months p rio r  

to the experim ent with com m ercia l serum  and v irus  and was 

in good health. As a contact control, the pig had a norm al 

T . W . B . C .  of 19,550 (Table XXIII). On the eighth day follow

ing the an im al's  contact exposure to the original field case 

"A "  v iru s ,  the T . W . B . C .  dropped to 12,250 and tem peratu re  

rose  from  102.4° to 104.0° F. Both T . W. B . C .  and tem p er

ature re tu rned  to a m ore norm al range for three days. Then 

the T . W . B . C .  dropped again to 11,600 on the twelfth day, 8,500 

on the th irteen th  day and rose  to 9,600 on the fourteenth day.

The tem pera tu re  again rose  to 104. 0 on the fourteenth day. 

T hereafte r ,  the T . W . B . C .  and tem peratu re  returned to norm al,
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but the anim al developed a yellowish d iarrhea, lost its  appetite, 

had a severe  exudative conjunctivitis and lost much weight. 

Recovery was uneventful after approximately ten days of i l l

ness .

Three additional pigs, numbers 107, 108, and 109 (Table 

XXIII), vaccinated with com m ercial serum  and virus approxi

m ate ly  two months p r io r  to this experim ent, were injected 

subcutaneously with 0.5 cc of MA M virus  (20 percen t suspension 

of b ra in  in broth). The reaction was a m arked  drop in T.W.

B. C.  in two of the three  pigs from  24,100 to 10,400 on the 

fourth day in one pig, and from  20,350 to 8,950 on the third  

day in the other. Both pigs developed a d ia rrhea  on the eighth

day following inoculation but subsequently enjoyed an uneventful

o
recovery . All three pigs showed body tem pera tu res  of 104. 4

o . . .
to 104. 8 following the v irus injection.

Exposure of a Recovered Pig

Pig  No. 4, completely recovered  from  his exposure to 

v irus  ,fA M two months previously, was injected with 3 cc of 

the 20 percen t suspension of v irus MA "  infected brain  in broth. 

A slight drop in T. IV. B. C. was noted, f rom 19,850 to 16,400
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on the th ird  day with a re tu rn  to 18,750 on the fourth day and

20,000 on the fifth day. No significant variation was noted 

th e rea f te r .  The body tem peratu re  of this animal, however, did 

r ise  to 104. 0 F . following the virus injection.

Enhancement of Virus Propagation

Three methods were used in an attempt to increase  the 

virulence of a f ilte red , 20 percent bra in  in broth suspension of 

hog cholera v iru s . These methods included ultracentrifugation, 

simultaneous injections with vitam in E, and the use of penic il

lin in place of f iltra tion  for obtaining a b ac te ria -free  v irus.

F o r  u ltracentrifugation , a 30 cc sample each of v irus ’'A 1' 

and com m ercia l v irus  I was concentrated by m eans of a Spinco 

u ltracentrifuge turning at 42,000 r . p . m .  for four hours. The 

resulting pelle ts  were resuspended in brain  h eart  infusion broth, 

pH 7. 4 and each injected into a susceptible pig.

The u ltracen trifuged  com m ercial v irus I caused T . W. B . C .  

and tem pera tu re  reactions s im ila r  to those established for v irus

”A .”  At 48 hours the T . W. B . C .  had dropped below 6,000 and

o
the a n im a l’s tem pera tu re  had r isen  to 105.0 F . Death occurred  

on the tenth day.
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TABLE IV

IMMUNITY EXPERIMENTS USING BUREAU OF ANIMAL 

INDUSTRY EXPERIMENTAL SERUM

Weight
of

P igs

Route
of

Inocu
lation

Amount
of

Serum

No.
Sick
No.

Injected

No.
Died
No.

Injected

35-40 lbs. IC 10 cc 3/3 1/3

35-40 lbs. S 15 cc 7/7 4/7

35-40 lbs. S 30 cc 1/3 0/3

TABLE V

IMMUNITY EXPERIMENTS USING COMMERCIAL SERUM

Weight
of

P igs

Route
of

Inocu
lation

Amount
of

Serum

No.
Sick
No.

Injected

No.
Died
No.

Injected

80 lb. IC 5 cc 2/2 2/2

60 lb. S 15 cc 2/2 1/2

60 lb. IC 15 cc 1/2 0/2

35 lb. s 15 cc 3/4 0/4

Virus Dose was 2 .0  cc in Subcutaneously Inoculated 

Animals and 0.5 cc to 1.0 cc in In tracranially  Inoculated

Animal s .
IC -  In trac ran ia l 
S -  Subcutaneous
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Virus A * reacted, very  e rra t ica lly  following u ltracen— 

trifugation. On the second day the an im al’s tem perature  had 

r ise n  to 104.8 but the T . W. B . C .  rem ained norm al. F rom  

the th ird  day on the T . W . B . C .  pursued an undulating course 

from. 6,500 to 52,000 and down to 2,600. This animal lived 

for 22 days. F u r th e r  work will be done to complete this p o r

tion of the study. The re su lts  seemed to indicate that the 

v iru lence of the com m ercia l v irus could be enhanced by u l tra -  

centrifugation, to reac t in a m anner somewhat s im ilar  to v irus 

" A ."  This m ight indicate that the pattern  pursued by v irus 

11A 1 ’ is  one of virulence variation ra th e r  than antigenic v a r ia 

tion.

The use of vitamin E as a virulence enhancing agent 

was based on work done by Young (1950) which indicated that 

m ice fed high levels of vitamin E in conjunction with vitamins 

A and D were m ore  susceptible to influenza infections. F o l

lowing this suggestion, wheat germ  oil was injected in tram u s

cularly  in 5 cc amounts into pigs at the time of v irus inocula

tion. Six anim als (two se r ia l  passages) injected with the wheat 

germ  oil showed a tendency toward shorter incubation periods 

than anim als not injected.
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Reasoning that much v irus was probably lost during the 

f iltra tion  p ro cess ,  it  was thought that a higher v irus t i te r  might 

be obtained by using penicillin to make a bac te ria l free v irus. 

Penic illin  was added to the v irus  suspension at the ra te  of

50,000 units per 100 cc of suspension. Six animals (two se r ia l  

passages) injected with penicillin trea ted  v irus reacted  in the 

same m anner as anim als injected with filtered v irus . No ad

ditional benefit was believed to be achieved by the antibiotic 

trea tm en t in lieu of filtration.

Aureomycin fed to pigs at the ra te  of 10 gm per 100 

pounds of feed for two days p r io r  to v irus ,TA lf inoculation 

and for as long as they would eat following inoculation failed 

to have any effect upon the course of the disease (Table XII) 

unless perhaps i t  aided the virus by shortening the incubation 

period. At leas t  i t  can be said that the virus suffered no 

dele terious effects from  the use of aureomycin in the feed.

G ross and M icroscopic Pathology

It can be stated quite definitely that the type of hog 

cholera  caused by v irus  ’’A "  was essentially  a d isease of 

endothelial t is su es ,  charac te r ized  by hydropic degeneration,
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endothelial p ro liferation , pe rivascu la r  cuffing and in many a reas  

hem orrhage. With few exceptions, the lesions and symptoms 

observed in hog cholera  infections apparently resu lted  f rom de

generating or p ro liferating  endothelial tissues .

Virus 1’A * * infection was charac terized  by the severity  

of lesions produced in the anim als, particu larly  the severe hem 

orrhages  of the kidney and lymph nodes, num erous in farc ts  of 

the spleen, extensive ulceration of the stomach and large in 

testine , and pronounced congestion of the brain. Also occurring 

in v irus  " A 11 infected anim als was severe acute r ickets , not 

so noticeable g rossly  but quite evident histologically. It was 

obvious that the rach itic  condition had been developing only a 

m a tte r  of days, and was m ost evident in animals living two to 

three weeks following inoculation.

B rain  Pathology

The m ost ch a rac te r is t ic  gross change in the bra in  was 

congestion which was p resen t in 72 percent of the cases nec ro p -  

sied as shown in Table VIII. Animals destroyed during or shortly 

following a convulsive se izu re , invariably showed severe  con

gestion of the brain .
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M icroscopically , sections of medulla, thalamus and 

ce reb ru m  were examined for lesions. The m ost significant 

changes were perivascu lar  cuffing with small lymphocytes, and 

endothelial pro liferation  with subsequent partia l or complete 

occlusion of the v esse ls  (P lates VI and VII). Foci of m icroglia  

were observed in sca tte red  a re a s  in a few sections (Plate VII). 

No neuronophagia was observed in the sections studied.

In Table VI, the severity  of brain  lesions, as indicated 

by both the num ber of v esse ls  involved and the amount of cel

lu la r  infiltration, was compared with the occurrence of convul

sions. Sections f rom 20 anim als were studied. Ten of these 

had dem onstra ted  convulsions and ten had not.

The thalamus showed lesions in 100 percent of the cases , 

while one out of 20 medulla sections did not show evidence of 

hog cholera infection. The cereb rum  was the leas t affected by 

the v irus  with sections f rom two of twenty animals being neg

ative for lesions and 12 showing only mild ce reb ra l changes.

Table VI shows that the m ost significant reactions oc

cu rred  in the m edulla and thalamus. Although there  seem s to 

If'k'tig co rre la tion  between convulsions and severity  of lesions, 

it  is  well to consider that not all anim als suffering f rom



P L A T E  VI

M edulla oblongata, pig 221. V irus  MA M infected . P e r iv a s c u la r  

cuffing with p a r t ia l  occlusion  of the v e s s e l  lum en. Hem atoxylin  

eosin  X 800.
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PL A T E  VII

T halam us, pig 202. V irus  " A I! in fec ted . A, g lia  ce ll  concen

tra t io n s ;  B* p e r iv a sc u la r  cuffing with p a r t ia l  occlusion  of the 
v e s s e ls .  Hem atoxylin eosin  X 160.
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Y l l

Thalamus, pig 202. Yirua 'A** infected. A, glia cell 
trationsj 1, per i v ascular crtffiag with, partial ©e<slusi@a t>£ .$ & ■  

v e sse ls . Hematoxylin eosin  X  1 6 0 . A

A

A
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T A B L E  VI

COMPARISON BETWEEN SEVERITY OF LESIONS, 
OCCURRENCE OF CONVULSIONS AND AREAS 

OF PATHOLOGY IN THE BRAINS OF 
20 ANIMALS AFFECTED

Severity of Lesions in Numbers 

of Animals Affected

Negative Mild Moderate Severe

C erebrum

Convulsions 0 5 3 2

No convulsions 2 7 1 0

Total No.

with lesions 2 12 4 2

Thalamus

Convulsions 0 3 4 3

No convulsions 0 1 4 5

Total No.
with lesions 0 4 8 8

Medulla

Convulsions 0 3 2 4

No convulsions 1 3 3 4

Total No.
with lesions 1
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convulsions died or were killed during the period of se izu res . 

Table VII indicates that severity  of lesions in brain  tissue  may 

be g rea te s t  during a rela tively  short time between the tenth and 

fourteenth days. Sections taken before or after this period gen

e ra lly  show less  severe  lesions. Likewise only three  sections 

of the b ra in  were studied. A m ore complete examination of the 

p a r ts  of the b ra in  might have revealed specific a reas  resp o n 

sible for the encephalitic reactions.

TABLE VII

SEVERITY OF BRAIN LESIONS IN RELATION TO DAY OF 
DEATH OF VIRUS rtA "  INFECTED SWINE

Lesions
Average Day 

of Death
Range 

in Days

Severe 12. 0 10-14

Moderate 14. 4 10-21

Mild 12. 4 7-33

It appears , however, that the partia l or complete occlu

sion of the sm alle r  cranial a r te r io le s  may be responsible for 

a dilation of la rg e r  pe riphera l vesse ls  (Plate VIII) with subse

quent congestion of the meningial v esse ls . It is reasonable to



P L A T E  VIII

M edulla oblongata, pig 202. V irus l,A 11 infected . F e r iv a s u -  

l a r  cuffing of a p e r ip h e ra l  v e sse l .  This v e s s e l  a p p e a rs  to be 

som ewhat d istended. Hem atoxylin eosin  X 300.
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assum e that a sudden increase  in blood volume pumped through 

the partia lly  occluded v esse ls  during a period of excitement 

would re su lt  in pe riphera l a r te r ia l  congestion and subsequent 

severe  cran ial pain. Such pain could be m anifested by convul

sive se izu res .

Sections taken from  an animal injected with C om m ercial 

V irus I showed an alm ost negligible perivascu lar cuffing, and 

little or no endothelial proliferation (Plate IX). This animal 

displayed no convulsions at any time.

Dige stive System Pathology

With few exceptions, the g ross  lesions of the digestive 

system  were lim ited to congestion, hem orrhage, n ec rosis  and 

u lceration  of the g as tr ic  and intestinal mucosa. In the two 

exceptions the lesions were suppurative tonsillitis  and conges

tion of the liver.

G as tr i t is  occu rred  in 45.2 percent of 84 anim als necrop- 

sied (Table VIII) and was charac te rized  by varying degrees of 

u lceration  (Plate X, F igure 1). U lcers ranged in size from  1 

m m . to one-th ird  of the total gastric  m ucosal surface. The 

fundic portion of the stomach was the a rea  usually involved.



P L A T E  IX

M edulla  oblongata, pig 182. C o m m e rc ia l  v iru s  No. I infected . 

L it t le  o r no p e r iv a s c u la r  cuffing was evident in  th is  section . 

H em atoxylin  eosin  X 730.
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P L A T E  X

F ig u re  1

F ig u re  2

Severe u lce ra tio n  of the s tom ach  of a v iru s  nA tf 
in fec ted  pig.

Section of the colon of a v iru s  f,A ir in fec ted  pig. 
Button u lce r  fo rm ation  is  acute  and se v e re .
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Figure 1

F ig u re  2
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Little  ingesta were found, in the stomach at the time of necropsy. 

In 8. 3 percen t of the cases petechial hem orrhages in the m ucosa 

were observed. In th ree  cases (3. 6 percent) there  were petechial 

1 'paint b ru s h "  hem orrhages of the g as tr ic  se rosa . G astric  edema 

occurred  only twice in 84 cases.

Mild to m odera te , acute ca ta rrh a l inflammation of the 

sm all intestine occurred  in 15.5 percen t of the cases , but was 

a re la tively  unimportant lesion.

Acute, ca ta rrh a l  colitis was observed in 21.4  percent of 

the cases , and diffuse necrotic  colitis and cecitis were seen in 

16. 8 percent. All necrotic  en teritis  cases were acute to sub

acute. Button ulceration of the colon was evident in 20.2 p e r 

cent of the cases . U lcers  were generally  in an early  stage of 

development (Plate X, F igure 2, and P la te  XI, F igu res  1 and 2).

In a few instances they were quite acute. Nutritional en teritis  

type lesions were observed in three cases. The lesions were 

ch arac te rized  by fecal plaques adhered to the in testinal mucosa 

by mucous strands as described  by Dunne et al. (1949). Only 

10.7 percen t of the anim als showed colonic petechiation. In an 

additional th ree  instances there  was hem orrhage into the in te s 

tinal lumen.



P L A T E  X I

F ig u re  1

F ig u re  2

Same in te s tin e  as  in P la te  X, F ig u re  2, showing the 
congestion of the colonic m u co sa  that accom panied  
the u lc e r  fo rm ation .

V ery  acute g en e ra lized  n e c ro t ic  e n te r i t i s  of the 

cecum  with m a rk e d  congestion.



84

F ig u re  Z
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M icroscopically  the digestive tra c t  lesions were ch a rac 

te r ized  by endothelial degeneration, n ec ro s is  of the mucosa and 

cellu lar infiltration. Several very  sm all developing button u lce rs  

were secured  for tissue  section. When observed m icroscopically  

these lesions were charac te rized  by coagulation necrosis  of a 

sm all m ucosal a rea  separated  from  healthy tissue by a line of 

invading leucocytes (P lates VII through XVI). The fact that 

leucocytes were absent from  the necrosed  tissue but were 

m assed  in a line at its  periphery  indicated that the a rea  was 

an in farc t. This would suggest that the button u lcer was form ed 

as the re su l t  of the in testinal infarction. F u rth e r  evidence of 

this is the presence of partia lly  occluded a r te r ie s  in the colonic 

submucosa. Endothelial pro liferation  and hydropic degeneration 

of the endothelial cells appear to completely occlude the vesse ls  

in some cases (Plate XIX). Lieucocytic m argination at the 

intim a of the v esse ls  (P lates XIX, XXI) also prom otes the oc

clusion of the v esse ls .  These observations were also made in 

a few cases of gas tr ic  u lceration  (Plates XX and XXI). Again, 

only in the very  acute stage of ulceration could the in farc t be 

recognized..



P L A T E  XII

Button u lc e r  of colon in  an e a r ly  stage of fo rm ation . Note the 
a re a  of coagulation n e c ro s is  in the m u co sa  se p a ra te d  f ro m  

healthy t i s s u e s  by a wide d a rk  band of leucocy tes , suggesting 
the fo rm a tio n  of an in fa rc t .  H em atoxylin  eosin  X 100.
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P L A T E  XIII

H igher m agnification  of the edge of the u lc e r  shown in P la te  
XII i l lu s tra t in g  in m o re  d e ta il  the coagulation n e c ro s is  and the 
healthy  t is su e  sep a ra ted  by a band of in f il tra tin g  leucocy tes . 
H em atoxylin eosin  X 300.
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P L A T E  X IV

Button u lc e r  of colon a t a s lightly  la te r  stage showing a m o re  

m a rk e d  in f i l tra t io n  of leucocy tes  a t the p e r ip h e ry  of the in— 
fa rc te d  a re a .  H em atoxylin  eosin  X 100.
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P L A T E  X V

High m agnification  of an a r e a  at the b ase  of the in fa rc ted  m u 

cosa  shown in P la te  XIV i l lu s tra t in g  the indefinite  ce ll  s t ru c tu re  
and the absence  of leucocy tes  in  the m ucosa . The subm ucosa , 
how ever, abounds in n eu tro p h ile s ,  lym phocytes and som e m ono
n u c lea r  phagocy tes. H em atoxylin  eosin  X 700.
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P L A T E  X V I

Button u lc e r  of colon in advanced stage . The n e c ro s e d  m ucosa  

is  fo rced  upw ard by the m a s s  of in f i l tra t in g  leu co cy tes .  Note 

the fa in t outlines of in te s t in a l  v illi  a t nA M in the sloughing m u

co sa  with the d a rk  line of phagocytic leucocy tes  a t the b ase  of 

the a r e a  a t 1'B . M Note a lso  a t n C , "  the upw ard  c u rv a tu re  of 
the m u s c u la r is  m ucosa . At 1,D M observe  the p a r t ia l ly  occluded 

blood v e s s e ls .  Many sm a l le r  v e s s e ls  appear com ple te ly  oc

cluded. H em atoxylin  eosin  X 100.
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Button ulcer of colon in. adyasceA' singe. Tke
is forced upward by tke mass of infiltrating leueocytes„ .Ife-ie. 
ike faint outline s of intestinal yilli at flA! * in tke slougkinjr 
cosa witk tke dark line of pkagocytic leucocytes at tke ba'ae -$S(E. , 
tke area at. MB.11 Note also at tTC,m tke upward encryature e£ 
tke 0LUscularis mucosa. At ftl ^  observe tke partially ocikl|3lsl#d 
blood vessels. Many smaller vess e ^  appear completely Ose-- 
eluded. Hematoxylin eosin 3£ 100.
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P L A T E  X V II

U lcerating  stage of a colonic in fa rc tio n  following the sloughing 
of the m ucosa , Coagulation n e c ro s is  of a portion  of the in -  

fa r  cted t issu e  and the line of in f il tra tin g  leucocy tes  is  s t i l l  

v is ib le . H em atoxylin eosin  X 100.
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P L A T E  X V III

A late stage of u lce ra tio n  showing t is su e  reac tio n  to invading 
in te s tin a l  b a c te r ia  following the sloughing of the m ucosa , He 
m atoxylin  eosin  X 100.
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P L A T E  X IX

An a lm o st com pletely  occluded a r te r io le  o b se rv ed  a t the base  

of the in fa rc t  shown in P la te  XVI. Note the hydropic degen
e ra tio n  of the endothelial ce lls  and the m arg in a tio n  of the few 
leucocytes p re se n t .  Hem atoxylin eosin  X 800.
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P L A T E  X X

P re u lc e ra t io n  stage of a g a s tr ic  in fa rc t  showing a line of leuco

cytes bo rd erin g  an a r e a  of coagulation n e c ro s is .  Hem atoxylin 

eosin  X 100.
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P L A T E  X X I

Venule a t the base  of the in fa rc t  shown in P la te  XX. Note the 

hydropic degenera tion  of the endothelial ce lls  and the m a rg in a 
tion of leucocy tes . H em atoxylin eosin  X 850.
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The coagulation n ec ro s is  resulting from, the infarction 

(Pl^-tc XII) appeared, to be followed very  shortly by the accu

m ulation of leucocytes at the periphery  of the infarcted  a rea  

(P la tes  XIV and XV). L a te r  stages observed showed a m ass  

of accumulating leucocytes p rim arily  neutrophiles forcing the 

entire  necrosed  a re a  into the lumen of the intestine (Plate

XVI). The necrosed  a re a  was sloughed in older lesions and 

caseation n ec ro s is  of the leucocytic m a ss  was evident (Plate

XVII). The caseation n ecro s is  in some cases appeared to have 

extended into the submucosa with the effect of producing an 

abscess . In other cases  healing from  the periphery  of the 

u lcer seem ed to be in p ro g ress .

Well established button u lce rs  appeared at f i r s t  to have 

been form ed over nodules of lymphoid tissue. It la te r  seem ed 

m ore  likely, however, that in view of the afore-m entioned ob

servations, the p resence  of the lymphatic nodules was the r e 

sult of hyperp lasia  of one of the minutely small islands of 

lymphoid tissue  distributed throughout the in testinal wall.

The general or diffuse necrotic  en teritis  in a few in

stances was charac te rized  by the histological appearance of
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b ac te ria l  infection (Plate XXII) although no salmonellae were 

iso la ted  from  the lesions.

Rickets A ssociated With Hog Cholera

There was a definite enlargem ent of the ends of the 

ribs  and an apparent increase  in the amount of red bone m a r 

row. The epiphyseal line of the costochondral junction appeared 

broadened and i r re g u la r ,  while the bony m a tr ix  appeared to have 

decreased . Clinically, during the late stages of the d isease , 

m arked  knuckling of the front legs was noticed in some in 

stances. One anim al, after developing severe  knuckling during 

the in itial s tages, la te r  developed a poste r io r  p a re s is .  F o r  

severa l days before death the animal dragged about by the 

fron t legs.

Calcium and phosphorus determ inations of the blood r e 

vealed that calcium  was p resen t at an average level of 9.9 

mgm. percen t in two anim als and phosphorus at a level of 

5, 13 mgm. pe rcen t in one animal.

M icroscopic observations of bone lesions of animals su f

fering from  hog cholera verified  the gross  observations of a 

wide epiphyseal line and a decreased  calcified m atrix . The



P L A T E  XXII

A rea  of acute co litis  a ttr ib u ted  to b a c te r ia l  infection. Note the 
concen tra tion  of b a c te r ia  and ce llu la r  e lem en ts  on the surface  
of the m ucosa  and the accum ulation  of neu troph iles  in  the d is
tended veins and lymph v e s s e ls .  H em atoxylin eosin  X 100.
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m ost pronounced change was the inc reased  number of unde

generated  m ature cartilage  cells and the absence of ca lc ifica 

tion re la tively  wide a re a  between the bone m arrow  and the

im m ature  cartilage cell a rea  (Plate XXXII). The large number 

of m ature  cartilage  cells was m anifested g rossly  by a wide 

i r re g u la r  white line at the junction of the bone and cartilage . 

G rossly , the norm al white line is narrow  and stra ight, and 

m icroscop ically  the norm al m ature  cell layer is only six to 

eight cells in width (Plate XXIV). The fine spicules of o s s i 

fication a re  evident in the m atr ix  below the epiphyseal line of 

the norm al section.

Pathology of Other T issues

Since the lesions of m ost of the organs conformed to 

textbook descrip tions of the d isease , little will be said about 

them other than to s t re s s  the severity  of lesions observed in 

many cases .

The lymph nodes were congested or showed evidence of 

varying degrees of hem orrhage in m ore  than 9b percen t of the 

cases  studied. Hem orrhage generally  was m oderate to severe , 

and m ore  commonly diffuse than periphera l.  Both types of



P L A T E  XXIII

Acute r ick e tic  les ion  at the costochondra l junction of the eighth 

r ib . Note the i r r e g u la r i ty  of the ep iphyseal line and the long 
colum ns of m a tu re  ca r t i lag e  ce lls  which give g re a t  width to the 

white line observed  g ro ss ly .  Hem atoxylin s ta in  X 175.
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P L A T E  X X IY

A n o rm a l section  fro m  costochondra l junction of the eighth r ib  
O bserve  the re g u la r  thin line fo rm ed  by sh o rt  colum ns of m a 

tu re  ca r ti lag e  ce lls .  Note a lso  the fine sp icu les  of m a tu re  
bone in  the a r e a  below the junction. H em atoxylin  eosin  X 200
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rhage were frequently observed in the same animal. In 

such cases , the cerv ical, pharyngeal and submaxillary lymph 

nodes displayed diffuse hem orrhage whereas the m esen te ric  and 

associa ted  lymph nodes m ore frequently showed periphera l 

hem orrhage. It was in teresting  to note that the diffuse type 

of hem orrhage was recorded  in 71.4 percent of the cases, 

w hereas pe riphera l hem orrhage was observed in only 47. 6 

percen t of the cases  (Table VIII).

Skin ery them a was not too frequently observed. L ess  

than 30 percen t of the anim als showed definite erythem a. In 

this re sp ec t ,  however, consideration was given to the fact that 

the m ajo rity  of the anim als inoculated had black skins.

T onsillitis  o ccu rred  in a su rpris ing ly  high number (38. 1 

percent) of cases . This was partia lly  due to the use of wheat 

s traw  bedding over a short period of time when other bedding 

was not available. The barbed wheat beards produced pronounced 

abscessa tion  in the tonsilar tissue .

M yocardial degeneration appeared in 35. 7 percen t of the 

cases  upon g ross  examination. M icroscopically, coagulation 

n ec ro s is  was observed in m yocardial f ibers , particu larly  in 

those of the au ric les .
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Bronchopneumonia was observed in 58.3 percent of the 

necropsied  anim als. Approximately three-fifths of this number 

were m ild  in cha rac te r .  Only seven of the 49 pneumonia cases 

were of a severe  nature . In many instances, the lung was uni

la te ra lly  affected, indicating a hypostatic type of pneumonia. In 

one instance a very  severe  acute type of local n ec ro s is  was 

observed. A reas  of the lung two to four cm. in d iam eter were 

completely lysed as if the a rea  had been necrotic  and sloughed 

away (Plate XXVI). Psudom onas aeruginosa was iso la ted  from  

the h e a r t  blood of this anim al and may have played an im p o r

tant p a r t  in the development of the lesions. Pulm onary  ecchy- 

m osis  was observed in 15. 7 percen t of the necropsies  and m ore  

than half of these were severe in nature .

Lesions of the kidney provided some of the m ore  spec

tacu lar changes observed in anim als infected with v irus flA .u 

H em orrhages of the cortex  varied  from  mild petechiation to 

severe  ecchym osis. In some instances m ild petechiation of 

the cortex  was associa ted  with severe diffuse hem orrhage of 

the pyram ids (Plate XXVII, F igure  2). In other cases the 

cortex  would show severe  petechiation with less  severe h em o r

rhage of the pyram ids (Plate XXVII, F igure  1). The m ost



P L A T E  X X V

Acute m y o ca rd ia l  degenera tion  of an a u r ic u la r  a re a .  Note the 
cloudy swelling in the light staining band of h e a r t  m u sc le .  He

m atoxylin  eosin  X 465.
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P L A T E  X X V I

The lung of a v iru s  11A 11 infected  pig, f ro m  which Pseudom onas 
ae ru g in o sa  was iso la ted . Note cav itie s  f ro m  which t is su e  had 
been lysed .
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P L A T E  XXVI



P L A T E  XX V II

F ig u re  1. Severe pe tech iation  of the co r tex  of a v iru s  " A 11 
in fec ted  kidney with only m ild  h em o rrh ag e  of the 
m edulla .

F ig u re  2. Mild c o r t ic a l  petech iation  with sev e re  m e d u lla ry  
h e m o rrh a g e .
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P L A T E  XXVII

Figure 1

F ig u re  2
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pronounced lesions were in those cases  in which severe  ecchy- 

m otic " tu rkey  egg** lesions appeared in the cortex of the kidney 

and diffuse hem orrhage was p resen t in the pyram ids (Plate 

XXVIII, F igure  1). Hem orrhage of the pyram ids was observed 

in 28.6 percen t of the postm ortem  examinations.

Although a thorough m icroscopic  examination of kidney 

sections was not undertaken, the few sections examined revealed 

extensive hem orrhage into the in te rs t i t ia l  tissue. The cells  of 

the tubules were undergoing coagulation necrosis  with some 

karyolysis a lready  evident (Plate XXIX).

Splenic infarction was quite common and ra th e r  severe 

in nature . Multiple infarctions were the rule occurring both 

on the b o rd e rs  and in the parenchym a (Plate XXVIII, F igure 2).

P u rity  T ests

Using the technics described  under ’’M ethods" b ac te r io 

logical examinations revealed  no S. choleraesuis in h ea r t  blood, 

b ra in , or in testinal t issu es .  No streptococci were isolated 

from  bra ins  of the anim als even though particu lar  attention was 

given to those anim als which had shown convulsions.



P L A T E  X X V III

F ig u re  1

F ig u re  2

Severe  c o r t ic a l  and m e d u lla ry  h em o rrh ag e  of the 

kidney f ro m  a v iru s  " A 11 infected  pig.

M ultiple in fa rc tio n  of the sp leen  f ro m  a v iru s  frA fI 

in fec ted  pig.
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P L A T E  XXVIII

Figure 1

F ig u re  2



P L A T E  X X IX

The in n e r  zone of the m ed u lla  of an in fec ted  kidney showing 
sev e re  in te r s t i t i a l  h em o rrh ag e  and degenera tive  changes of the 
tubules. H em atoxylin eosin  X 300.
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Pseudom onas aeruginosa was isolated from  the brain , blood 

and in testine of one animal and from  the intestine of four o thers. 

No other pathogens were isolated.

Subcutaneous inoculations of infected swine bra in  suspen

sion into rabbits  failed to effect any reaction, thus eliminating 

the possibility  of the presence of A ujeszky’s disease v irus. The 

symptoms, course of the d isease , m orta lity  ra te , and histological 

examination of the b ra in  excluded the possibility of the presence 

of T eschen 's  d isease v irus . Chicken embryo inoculations were 

negative .



DISCUSSION

The two m ain objectives in this investigation were to study 

the c h a ra c te r is t ic s  of a varian t s tra in  of v irus isolated from  pigs 

dying as the re su l t  of a field vaccination failure and to maintain 

these ch a rac te r is t ic s  over a number of se r ia l  passages.

The outstanding ch a rac te r is t ic s  of this v irus, re fe rre d  to as 

Virus ,fA ,"  have been its  ability to produce a d isease with enceph- 

alitic sym ptom s, short incubation period, a short course and severe 

lesions. It does not n ecessa ri ly  mean that encephalitic symptoms 

m anifested  by convulsive se izu res  identifies this v irus as one of 

the va rian t types observed during the 1949-50 period of increased  

vaccination fa ilu res . It is ,  however, perhaps significant that during 

this period the editor of Veterinay Medicine (1951) commented 

that ’’outbreaks of unidentified nervous d iso rders  in swine have 

been reported  by p rac ti t ioners  in widely separated localities in the 

co rn b e lt .” An excellent description of convulsive activity in hog 

cholera  infected pigs was given by Brunschwiler (1925). The con

vulsions described  were of the same nature as those observed in 

v irus  ’’A ” infected anim als. The observation of Quin (1950) that 

convulsions occur in peracute hog cholera cases likewise can be 

said  to be true of v irus  "A ” infected anim als. Hutyra et al. (1946)
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acknowledge that in hog cholera cases ,  1’exceptionally there occur 

convulsions and various compulsive movements with m arked le th 

argy. "  This helps to confirm  the associations of convulsions with 

hog cholera  infections but fu rther accentuates the fact that frequent 

observation of such a phenomenon as in virus MA M infected an i

m als ,  is  unusual. H offerd’s (1948) suggestion of the re la tio n 

ship of d ie tary  deficiency to convulsive seizure was in te rp re ted  

to m ean possibly calcium deficiency. The injection of 25 cc of 

calcium gluconate intravenously between convulsive se izu res  did 

not p revent the recu rren ce  of convulsions several m inutes la te r .  

Ray (1945) d iscussed  the encephalitic reaction of streptococcic 

infected swine, but cu ltu res of the bra ins of v irus MA " infected 

anim als revealed  no streptococci or other pathogens.

Subcutaneous injections of rabbits with bra in  suspension 

of infected swine produced no reaction and eliminated the p o ss i

bility of A ujeszky’s d isease. The course and m orta lity  of the 

infection as well as the examination of histological sections of 

b ra in  and cord, elim inated T eschen 's  disease.

The short incubation of v irus rfA M infections was shown 

by the rapid  body tem peratu re  r ise  and the quick drop of T.W . 

B .C . A com parison of the rapid  r ise  of tem perature  in virus
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"A "  infected pigs with re su l ts  obtained from  the use of other 

v iru ses  by other investigators  showed that v irus MA M had a 

much sh o rte r  incubation period than v iru ses  studied by D orset 

(1922), Shope (1929) and Kobe (1934). D orse t 's  work indicated 

that sca rce ly  m ore  than one-fourth of the animals had a r ise  

of body tem pera tu re  on the th ird  day. The F edera l Bureau of 

Animal Industry (1949) prohibits the use of swine which are 

showing visible signs of illness  on or before the th ird  day for 

the production of inoculation v irus. Virus nA n infected ani

m als  showed 79. 5 percen t to have high tem pera tu res  on the 

second day and alm ost 100 percent on the third  day. Most of 

these anim als were visibly sick on the th ird  day.

Shope's (1929) v irus  increased  in virulence following 

se r ia l  in traperitonea l passage. At f i r s t  the regu lar incubation 

period was four to seven days. In la ter passages the incuba

tion period  was reduced to three days. In contrast, v irus "A "  

dem onstrated a short incubation and rapid course immediately

upon field isolation..

The T .W .B .C . of v irus " A "  infected pigs was not 

noticeably different from  the determ inations made on the pigs 

in jected with v iru lent v iru ses  by Shope (1929) and Kernkamp
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(1939). There was, however, a m arked difference between the 

effects of v irus  " A "  on T .W .B .C . and the effects of two com

m e rc ia l  v iru ses  of blood origin. Virus ’’A ’1 caused a far  m ore 

rapid  drop of T .W .B .C .  than did the com m ercial v iruses .

The course  of the disease was m arked by frequent acute 

deaths. Deaths as early  as three days and less  ra re ly  at five 

and six days have occurred . However, some animals have su r 

vived as long as 48 days. The m ortality  has been 100 percent, 

for all anim als have died or become unable to r ise  and take 

nourishm ent and were destroyed. There have been no recov

e r ie s  in anim als not receiving serum .

Dale et al. (1950) tested  a variant s tra in  of v irus with 

simultaneous injection of BAI experim ental serum  No. 1 in 

swine and found the serum  to be ineffective in 15 to 20 cc 

doses. This se rum  was also ineffective when used sim ultane

ously with v irus  ' 'A 11 in sim ila r  doses. While the percent of 

protection afforded by the serum  against the Michigan virus 

appeared g re a te r  than against the varian t s tra in  of Dale, it 

will be observed that lighter pigs (35 to 40 pounds) were used 

in the Michigan experim ent than in the experiment of Dale at al. 

(1950) in which pigs from  40 through 150 pounds were used.
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C om m ercial se rum  tested  in a like m anner proved m ore 

effective than the BAI se rum  but did not completely neutralize 

the Michigan v irus  nA ,;l in all cases.

Difference in types of inoculating m a te r ia ls  m ust be con

sidered  in  all com parative te s ts .  Without exception, the v iruses  

with which v irus  HA11 has been compared have been of blood 

origin. Without exception, v irus MA n has been of brain tissue 

origin. However, i t  was used throughout the experim ent in a

20 percen t suspension in broth or saline. Theoretically  this

would appear to make it  m ore  dilute than v irus of blood origin

since the v irus  seem s to have an affinity for vascular endothelial

t i s s u e .

In the absence of titra tion  of the virus it  is not c lear 

as to the fundamental reason  for lack of protection afforded by 

a se rum  of known potency. Two factors  that may be respon

sible a re  differences either in antigenicity or virulence of the 

v irus . In view of the lack of sufficient evidence indicating 

antigenic varia tion  of v irus  ' 'A 1* it m ust be recognized that all 

of the immunological differences observed could be explained 

on the b as is  of inc reased  virulence.
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This factor was em phasized by Ruppert (1930), who sug

gested that g rea t  varia tions exist in the virulence of hog cholera 

v irus . He believed that an immunity brought about by a weak 

v irus could be overcom e by a strong v irus.

A study of the pathological changes observed in animals 

infected with v irus  ’’A 11 verified  the findings of Seifried (1932) 

and Bueno (1944), both of whom were convinced that swine fever 

was a d isease  of the reticulo-endothelial system. Lesions of 

the b ra in  and digestive system  have fu rther dem onstrated the 

effects of v iru s  ' ’A 11 on vascu lar endothelial cells. The hydropic 

degeneration and pro liferation  of vascu lar endothelial cells as 

well as p e riv ascu la r  cuffing contributed m arkedly to the con

str ic tion  and occlusion of the lumen of involved cap illa ries  

and a r te r io le s .  The constriction of the vesse l lumen would 

slow the blood s tre a m  and contribute to the sludging action 

described  by B eam er et al. (1949). The sludging would in turn 

promote occlusion of tightly constricted v esse ls , since there 

seem s to be a m igration  of the leucocytes to the periphery of 

v esse ls  in these a reas  (Plate XXI). This m igration, typical in 

the form ation  of a throm bus, might be the f i r s t  stage in the 

occlusion of the vesse l.  With the occlusion of the vessel it
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was re la tively  easy  to conceive of the formation of infarcts 

described  in the stom ach and in the large intestine. The de

velopment of u lce rs  in the infarcted  a rea  subsequently infected 

with facultative pathogenic coliform bacteria  followed logically 

as dem onstrated  in the re su lts  of this work.

Gibbs (1933) dem onstrated that hog cholera v irus could 

be iso la ted  from  button u lcers  of runty pigs 42 to 72 days fo l

lowing an attack of hog cholera. Doyle (1946) fed v isce ra  

from  field cases  of en te ritis  to cholera susceptible and hog 

cholera  immune pigs and obtained en teritis  in only the hog 

cholera  susceptible group. These findings help identify necrotic 

en te r it is  of the button u lcer type and general type with the d is 

ease of hog cholera.

It was also possible to explain the convulsive action ex

hibited by the swine in this experim ent as the d irec t re su lt  of 

occlusion of blood v esse ls .  Most convulsions occurred  when a 

nervous type of pig was f i r s t  aroused in the morning in a com 

paratively  early  stage of the disease. At this stage the animal 

was still  re la tively  easily  excited, and probably still had strong 

h ea rt  action. When aroused in the morning there was sudden 

excitem ent. The h ea r t  sent a sudden flow of blood, that m ost
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likely was a lready sludged, through v esse ls  nearly  occluded by 

an acute attack of the v iru s  on the vascular endothelium. This 

could have resu lted  in the packing of cells in the narrowed lumen 

with the subsequent severe passive hyperemia and consequent 

intense pain which stim ulated a convulsive seizure.

With this idea in mind, we could probably classify virus 

' 'A "  as an agent with a pronounced affinity for vascular endo

thelial tissue  pa rticu la rly  in the brain and in testines as the 

re su lt  of e ither a varia tion  in antigenicity, virulence, tissue 

selectivity, or tissue  affinity.

Acute r icke ts  has not previously been recognized as an 

in tegra l p a r t  of the picture presented  by an animal infected 

with hog cholera. It is ,  however, quite evident that acute 

rickets  does occur and is  d irectly  or indirectly  due to the virus. 

Although it was not dem onstrated that the blood supply to the 

costochondral junction was disturbed, a partia l occlusion of 

a r te r io le s  could easily  have resu lted  in m alnutrition of the 

a re a  through lowered blood supply. One should couple this 

idea with the fact that the hog cholera infected pigs lost appe

tite on the second or th ird  day following inoculation and consumed 

little  or no feed from  that time until death. Add to these points
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the fact that the very  acuteness of the lesions indicate that the 

duration of r ickets  has been sho rte r  than the course of the 

v irus  infection. One should reca ll  also that an adequate supply 

of vitam in D (1,200 units per pound of feed) and a sufficient 

amount of complete m inera l m ixture (3 percent of total feed) 

was fed to all anim als for a t leas t one week and to some for 

m ore  than a month p r io r  to the v irus inoculation.

In sum m arizing these item s it  not only seem s possible 

but quite logical that rickets  in a very  acute but definite stage 

should be a p a r t  of the pathological picture presented by an i

m als  infected with hog cholera.

The somewhat frequent severe m edullary  hem orrhages 

seen in the kidneys of v irus llA n infected anim als, exemplified 

in a way, the severity  of lesions produced by this v irus . D or

set (1904) described  ecchymotic hem orrhages and clots in the 

pelvis as being seldom seen in chronic hog cholera but com 

mon in acute cases . Seifried and Cain (1932), however, ra re ly  

found petechial and ecchymotic hem orrhages in the medulla and 

p e lv is .

The general tendency in the presen t attack on the v a r 

iant p roblem  seem s to have centered about the removal of the
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varian t from  com m ercia l hog cholera virus products or the 

prevention of the variant*s appearance. This is in d irec t con

t r a s t  to the views of Hilleman et al„ (1950) on influenza v irus. 

These authors propose that consideration be given to the e l im 

ination of older s tra in s  of the virus used in vaccine production 

and the substitution of m ore  recently  isolated s tra in s . This 

suggestion was made to counteract the slow but c learly  evident 

varia tion  of influenza v irus  over the past few years .

We cannot be certa in  that the variation observed in the 

hog cholera v irus  maintained in this laboratory  is  antigenically 

the same as that of the v iru ses  tested  by the Bureau of Animal 

Industry, although we feel that the immunological response to 

v irus T,A M follows Dale fs et al. (1950) description closely. 

Neither can we be certa in  at this point that the v irus is an ti

genically different from  the s tra in s  of v irus widely studied in 

Europe and in the United States.

If we a re  to assum e, however, that an antigenic d iffe r

ence does exist, one may wonder if there is  a justification for 

attempting to eliminate the variant v irus from  the immunizing 

products as the final solution to the vaccination problem. What 

assu rance  is  there  that the origin of this varian t v irus lies in



139

the manipulation of this v irus  within the serum  establishm ent 

and is  thus controllable by careful technic? Is it possible that 

a field v irus  might undergo this variation naturally or exist in 

the field as an antigenically distinct s tra in  and find its  way into 

pigs used in the com m ercia l production of v irus?

Since one of the fo rem ost advantages of the use of serum  

and v irus trea tm en t in the control of hog cholera is its  r e l i a 

bility in a re a s  of active infection, would one be justified in 

relying entire ly  upon increased  serum  dosage ra th e r  than serum  

specificity as a m eans of combating field exposure when v a c 

cinating in such a re a s  ?

Although these questions have been asked by many, the 

answ ers given seem ed to indicate a degree of uncertainty.

The development of a reliable m eans of successfully 

reproducing the varian t v irus  in se r ia l  animal passage seemed 

to pose a se rious problem.

Virus " A 11 reproduced in the experimentation described in 

this paper, has m aintained ch a rac te r is t ic s  which at this time m ust 

be considered  as being those of a varian t in either virulence or 

antigenicity. Seria l passage of v irus " A ” has been maintained 

throughout 16 in trac ran ia l  swine passages without an increase
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in e ither the incubation period, the course of the disease or 

without losing its  encephalitic tendencies. No simultaneous 

inoculation with sm all doses of anti hog cholera serum  was 

needed to re ta in  these ch a rac te r is t ic s  as suggested by Dale 

et a1. (1950.



SUMMARY AND CONCLUSIONS

1. An encephalitic s tra in  of hog cholera virus was 

isolated, and m aintained through sixteen in tracran ia l passages

in pigs without the loss of ability to produce encephalitic symp

toms or o ther c h a rac te r is t ic s .

2. Encephalitic symptoms occurred  just as frequently 

in subcutaneously inoculated swine as in in tracran ia lly  inocu

lated ones.

3. This v irus , designated as v irus r,A ,n produced a 

short incubation period as indicated by increased  body tem per

ature of inoculated pigs to 105. 0 F . or higher 24 hours to 72 

hours following inoculation of the v irus.

4. A short incubation period was further indicated by 

the rapid drop of total white blood cell num bers 24 to 7 2 hours 

following inoculation.

5. The course of disease caused by virus 1'A M was 

short with deaths occurring  as early  as three to five days fol

lowing inoculation.
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6. In 100 anim als inoculated there  were no recoveries . 

All anim als died or were moribund when destroyed.

■ Incomplete protection against v irus * *A11 was p ro_

vided by F e d e ra l  Bureau of Animal Industry experimental serum  

No. 1.

8. C om m ercial se rum  did not give complete protection 

in regulation se rum  tes t  doses.

9. P ig s  immunized with com m ercial serum  and virus 

were protected  against a 2 cc challenge dose of v irus "A "  but 

showed some reaction.

10. E fforts  to increase  the virulence of the virus by use 

of penicillin in place of filtra tion  for preparation of a bac teria  -  

free  inoculum, apparently were without success.

11. The use of vitamin E to increase  the susceptibility 

of the anim als to the v irus infection appeared to be slightly 

Successful.

12. Thalam ic lesions were evident in 100 percent of all 

cases  studied. Severity of lesions appeared g rea tes t in animals

dying between the tenth and fourteenth days.
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13. A com m ercia l v irus  tested  in pigs produced almost 

no lesions of the brain .

14. Hydropic degeneration and proliferation of the v a s 

cular endothelium of the intestine and perivascu lar infiltration 

of v e sse ls  of the b ra in  appear to be the p rim ary  pathological 

changes with hem orrhages and other lesions secondary or the 

resu lt  of these changes.

15. G astr ic  u lce rs  and colonic button u lcers  have been 

shown to be due to infarction as a re su lt  of blood vesse l dam 

age.

16. Rickets has been dem onstrated in hog cholera in 

fected pigs maintained on adequate rations.

17. No pathogenic b ac te ria  other than Pseudomonas 

aeruginosa was iso la ted  from  the brain, blood or intestine.

This o rgan ism  was isolated  from  five cases.
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T A B L E  VIII

SUMMARY OF THE GROSS LESIONS OF 84 EXPERI
MENTALLY INFECTED HOG CHOLERA PIGS

Lesion Mild
Mod

erate
Se
vere

Total
% of 
Total

Conjunct! viti s 10 24 25 59 70. 2

E rythem a

Subcutaneous

11 9 5 25 29. 8

hem orrhage
1 1 2 2. 4

Lymphatic periphera l 

hemo r r  hage
17 15 8 40 47. 6

Lymphatic diffuse 

hem orrhage
12 33 15 60 71.4

Tonsillitis 11 13 8 32 38. 1

Epiglotis -  petechiation 13 5 2 20 23. 8

Hydr otho rax 5 9 0 14 16.8

Hemothorax 2 3 0 5 6.0

Hydroperitoneum 2 6 1 9 10. 7

Thymus — petechiation - - 1 1 1. 2

H ydropericard ium 6 3 1 10 11. 9

E p icard ia l petechiation 2 5 4 11 13. 1

M yocardial degeneration 19 9 2 30 35. 7

C oronary occlusion 1 2 0 3 3. 6
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L,e sion Mild
Mod

era te
Se

vere
Total

°Jo of 
T otal

F ibrinous p e r ica rd it is 0 3 1 4 4. 8

P le u r i t is 0 2 0 2 2. 8

Bronchopneumonia 30 12 7 49 58. 3

Pneumonic ecchym osis 1 5 7 13 15. 7

In te rs ti t ia l  edema 0 0 1 1 1.9

A telectasi s 3 2 0 5 6. 0

P erito n itis 1 2 0 3 3. 6

G astr it is 16 13 9 38 45. 2

G astric  edema 1 1 0 2 2, 4

G astric  petechiation- 

sero sa
0 2 1 3 3. 6

G astric  petechiation— 

m ucosa
1 4 2 7 8. 3

E n te rit is  -  sm all 

inte stine
9 3 1 13 15. 5

S. in test, se ro sa l and 

m ucosa l petechiation
0 1 0 1 1. 2

Colitis, cec itis , 

diffuse necrotic
6 5 3 14 16. 8

Acute colic u lceration 0 0 1 1 1. 2

7 5 5 17 20. 2
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T A B L E  VIII (Continued)

Le sion Mild
Mod
erate

Se
vere

Total
% of 
Total

Colonic petechiation 1 4 4 9 10. 7

Nutritional en te rit is 3 0 0 3 3. 6

Acute ca ta rrh a l  colitis 9 7 1 18 21. 4

H em orrhagic colitis 1 - 2 3 3. 6

Splenic infarction 5 13 5 23 27. 4

Renal cloudy swelling 9 3 2 14 16. 8

Renal petechiation 

cortex
25 19 10 54 64. 3

Renal ecchym osis- 

cortex
3 0 10 13 15. 5

Renal ecchym osis— 

pyram ids
8 7 9 24 28. 6

Nephriti s 0 2 0 2 2. 4

Hepatic fatty 0 6 0 6 7. 1
m etam orphosi s

Cholecystic congestion 2 1 0 3 3. 6

Cholecystic 3 3 3 9 10. 7
petechiation

Cholecystic echymosis 2 2 1 5 6. 0

Hepatic sc a rs 2 14 4 20 23..8
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T A B L E  VIII (C ontinued)

Lesion Mild
Mod

erate
Se
vere

T otal
% of 
Total

A sca r ia s is 2 6 3 11 13. 1

Cystic petechiation 40 22 4 66 78. 6

C ereb ra l congestion 15 31 15 61 72. 6

Acute r icke ts 27 12 2 41 46. 4

Petechiation  of 

omentum and 0 0 1 1 1. 2

m essen te ry
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T A B L E  XII

THE E FFE C T  OF AUREOMYCIN ON THE COURSE OF VIRUS 
" A M IN SIX ARTIFICIALLY INFECTED SWINE

Days 

After 
Inoc.

No

Aureomycin

Aureomycin 
10 gm. per 

100 lbs! Feed*

Av.
Temp.

Average 
W .B .C . 
(3 pigs)

Av.
Temp.

Average 
W .B .C .
(3 pigs)

1 103. 3 102. 3 _

2 104. 6 - 106. 1 -

3 106. 5 - 106. 5 -

4 107. 2 8,733 106. 9 7,117

5 106. 9 10,917 106. 3 7,217

6 106. 9 7,783 108. 2 6,817

7 107. 3 6,417 107. 0 4,333

8 105. 6 6,100 105. 7 4,933

9 106. 1 6,233 105. 4 6,333

10 103. 5 7,325 104. 6 5,566

Deaths occurred  on 

12th and 15th days 
(one animal was killed 
accidently on 9th day 
by an te rio r  venacava 

bleeding)

Deaths occurred  on 
15th, 21st and 18th 
days. The la tter 
animal suffered con
vulsions on the 11th 

day.

* Animal No, 465 which provided the v irus for the 

succeeding in trac ran ia l  passages was in this group.
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Day;

Afte

Inoc

N

1

2

3

4

5

6

7

8
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TABLE XIV 

SERIAL PASSAGE OF "A "  VIRUS

In tracran ia l Passage  No. 3, Virus No. 104

113 114 115

T emp..
W.

B. C.
Temp.

W. 
B. C.

T emp.
W. 

B. C.

102. 6 20,200 103. 0 21,600 102. 2 22,450

103. 8 103. 0 - 103. 4 -

105. 0 - 104. 8 - 105. 8 -

105. 8 7,300 105. 6 10,100 105. 6 -

106. 2 3,650 106. 0 4,700 105. 8 4,350

105. 6 6,750 105. 4 6,800 104. 7 6,250

106. 0 8,100 106. 2 8,250 1 0 6 . 0 11,800 
Died

107. 2 106. 0 — 6 th 
day

105. 6 5,550 105. 4 7,500

D estroyed Destroyed

21st day 48th day



T A B L E  XIV (Continued)
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Days

After

Inoc.

Subcutaneously Inoculated Controls

110 111 112

Temp.
W.

B. C.
T emp,

W.

B. C.
Temp.

W. 
B. C.

N 102. 4 18,700 102. 6 20,250 102. 6 23,250

1 104. 4 - 103. 6 - 103. 4 -

2 105. 2 - 105. 4 _ 105. 2 -

3 106. 6 6,800 105. 4 8,900 106. 0 9,900

4 106. 8 5,900 105. 6 9,400 105. 8 7,600

5 104. 8 10,700 105. 6 19,250 105. 4 6,600

6 105. 4 8,200 106. 2 20,000 104. 6 16,200

7 103. 6 106. 0 105. 1

8 106. 2 9,400 104. 8 11,350 102. 0 16,650

Died 8th day Died 11 th day Died 11th day

U n d e r l in e d  n u m b e r s  in d ica te  c o n v u ls io n s  on that
day.
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TABLE XV 

SERIAL PASSAGE OF "A "  VIRUS

In tracran ia l P as  sage No. 4, Virus No. 115

Days

After
116 117 118

Inoc.
T em p.

W.
B. C.

Temp.
W.

B. C.
T emp.

W.
B.C.

N 104. 2 16,050 103. 8 14,600 104. 2 15,750

1 104. 1 - 104. 0 - 104. 4 -

2 104. 8 8,650 106. 8 5,100 106. 4 3,650

3 105.. 6 - 1 0 6 . 0 - 106. 4 -

4 104. 9 8,900 105. 0 9,200 106. 4 7,200

5 106. 2 105. 2 _ 105. 2 —*

6 104. 8 9,800 Died 6th day 104. 6 7,100

7 - - Died 6th day

8 - 11,150
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T A B L E  XV (C ontinued)

Subcutaneously Inoculated Controls

Days
After

119 120 121

Inoc.
Temp.

W. 
B. C.

T emp.
W. 

B. C.
Temp.

W.

B. C.

N 104. 6 13,900 103. 6 14,250 103. 8 13,800

1 104. 0 - 104. 4 - 104. 2 -

2 105. 8 7,400 106. 4 9,300 106. 0 6,200

3 106. 6 - 106. 5 - 106. 6 -

4 107. 0 10,150 106. 0 12,050 107. 0 11,300

5 106. 2 - 108. 6 - 108. 2 -

6 104. 2 - 107. 6 10,250 107. 4 11,450

7 Died 7th day - - - -

8 - 6,200 - 6,250

De stroyed 

14th day

Destroyed 

11th day

Underlined numbers indicate convulsions.
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T A B L E  XVI

IN T R A C R A N IA L  SER IA L PA SSA G E OF " A "  VIRUS

Days 
After 

Inoc.

P assage  No. 5, 
V irus No. 117

Passag
Virus

e No. 6, 
No. 122

122 128 129

Temp.
W.

B .C .
Temp.

W. 
B. C.

T em p,
W.

B. C.

N 104. 0 17,850 103. 6 19,150 102. 2 17,200

1 105. 0 - - - - -

2 103. 6 - 107. 4 6,600 107, 0 7,800

3 105. 6 7,300 1 0 6 . 0 6,500 104. 5 6,450

4 105. 4 7,650 106. 0 9,850 104. 0 11,000

5 106. 6 7,100 - - - -

6 107. 2 10,100 103. 5 5,450 102. 6 4,750

7

8

106. 4 

105. 0

8,300

Died 

8th day

De stroyed 

6th day

104. 6 

104. 0 

Died

6,800 

25th day
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T A B L E  XVI (C ontinued)

Passage No. 7, Virus No. 128

Days
After 137 138 139

Inoc.

Temp.
W.

B. C.
Temp.

W.
B.C .

T emp.
W.

B. C.

N - 16,250 - 15,300 - 14,850

1 105. 0 - 105. 2 - 105. 4 -

2 104. 8 11,100 104. 4 8,900 104. 4 10,100

3 105. 4 10,100 105. 4 8,750 102. 8 10,050

4 106. 4 6,700 106. 0 10,900 106. 6 8,700

5 - - - - - -

6 107. 0 4,300 107. 0 5,200 107. 2 5,350

7 105. 6 - 107. 4 - 106. 8 -

8 104. 0 10,200 105. 8 11,100 106. 4 10,050

Destroyed 

Z3rd day

Died 21st day Destroyed 

36th day

Underlined numbers indicate convulsions.
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T A B L E  XVII

SE R IA L  IN TR A C R A N IA L  PA SSA G E OF " A "  VIRUS

Days

After
Inoc.

Passage  No. 8, Virus No. 128

147 148

T emp. W. B. C. T em p. W. B. C.

N 103. 2 16,950 103. 4 15,800

3 104. 2 - 106. 0 -

5 105. 8 - 107. 4 -

7

8 

10

106. 6 21,000 107. 6 6,300

106. 8 22,350

D estroyed 10th day Destroyed 14th day

Days 

After 
Inoc.

Subcutaneously Inoculated Control

149 150

N 103. 8 17,100 103. 2 16,850

3 107. 6 - 106. 0 -

5 107. 4 - 107. 0 -

7 107. 8 9,700 1 0 6 . 6 9,100

8 106. 8 5,600

10 Died 10th day Died 13th day

Underlined num bers indicate convulsion on that

day.
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T A B L E  XVIII

SE R IA L  IN TR A C R A N IA L PA SSA G E OF nA "  VIRUS

Passage No. 9, Virus No. 147

Days

After
159 160 161

Inoc.
T em p.

W.
B. C.

w .
Temp.

*  B. C.
T emp.

W. 
B. C.

N 104. 0 17,250 104.1 15,100 103. 4 18,600

3 106. 0 - 100.8 106. 0 -

4 106. 4 8,750 99.6 6,450 104. 0 11,050

5 107. 6 - Destroyed 
4th day

105. 0 Severe

6 105. 8 4,250 104. 0 18,000

7 102. 0 7,500 105. 0 -

11 Destroyed 105. 4 9,575

14

7 th day
100. 0 8,800

De stroyed

14th day
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T A B L E  XVIII (C ontinued)

Subcutaneously Inoculated Control

Days

After
162 163 164

Inoc.
Temp.

W. 
B. C.

W
T em p,

1 B .C .
Temp.

W. 
B. C.

N 103. 6 11,300 103.8 15,750 103. 6 18,100

3 106. 8 - 104.8 106. 2 -

4 105. 6 5,950 105.2 12,950 106. 4 8,750

5 106. 6 - 105.4 107. 6
Very

Severe

6 106. 4 3,500 105.9 6,500 100. 8 44,000

7 Died 6th day 105.0 Died 6th day

11 105.0 4,350 

Died 11th day

Underlined num bers indicate convulsions on that

day.
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T A B L E  XXI

SERIAL INTRACRANIAL PASSAGE COMPARISON BETWEEN 
PENICILLIN TREATED AND FILTERED VIRUS

Days 
After 

Inoc.

P assage
190

No. 12, 

and 191,
Virus No. 188, 189, 
With Penicillin

198 199 200

T emp
W.

B. C.
T emp

W.
B .C .

Temp.
W. 

B. C.

N 105. 2 11,900 104. 2 12,250 103. 4 11,800

1

2 103. 4 9,600 102. 8 12,100 104. 0 7,400

3 106. 6 10,000 107. 8 10,100 104. 4 5,700

4 107. 2 5,350 106. 4 13,300 102. 0 40,800

5 106. 6 7,200 107. 4 8,600 De stroyed
4th day

6 105. 4 12,100 105. 2 5,600

7 105. 6 4,850 106. 0 16,400

Died 17 th day Died 15th day
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T A B L E  XXI (C ontinued)

Days 

After 

Inoc.

P assag e No. 12, Virus No. 188, 189, 
190 and 191 F ilte red

201 202 203

Temp
W.

B.C.,
T emp.

W.
B. C.

T emp.
W. 

B. C.

N 105. 2 12,700 104. 0 12,300 104. 2 11,950

1 - - - - _ -

2 104. 0 7,900 101. 6 10,300 102. 8 10,250

3 107. 0 7,300 106. 2 7,600 105. 2 8,400

4 106. 0 6,950 106. 4 6,250 104. 6 4,500

5 106. 8 12,200 107. 2 6,900 104. 8 4,200

6 105. 9 17,000 105. 0 6,900 105. 0 4,500

7 104. 2 50,000 104. 4 14,800 103. 8 19,700

8 Destroyed 
7th day

De stroyed 
10th day

Died 15th day

In d ica te  c o n v u ls io n s  o c c u r r in g  on that day.
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TABLE XXII 

SERIAL INTRACRANIAL PASSAGE

Days 

Afte r 

Inoc.

P assag e  No.
P lus

13, Virus No. 200 
5 cc Vit. E Subcut

and 201,

218 219 220

T em p.
W.

B. C. .
T emp.

W. 

B. C.
T emp.

W.
B. C.

N 102. 8 17,900 102. 8 19,250 102. 0 16,000

1 1.04. 8 - 105. 0 - 105. 0 -

2 105. 6 7,950 105. 0 25,400 104. 4 6,300

3 106. 4 5,250 105.. 4 12,500 106. 4 5,600

4 107. 4 3,500 104. 8 11,400 106. 6 3,250

5 107. 4 2,850 105. 6 6,250 104. 6 3,200

6 105. 2 5,300 105. 4 6,500 106. 6 3,400

7 104. 6 4,600 105. 0 8,200 107. 0 3,100

8 105. 8 - 104. 2 - 102. 0 Convul

D estroyed 
13th day

Died 13th day De stroyed 
9th day
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T A B L E  XXII (C ontinued)

Days 

A fter 

Inoc.

P assag e  No. 13, Virus No. 200 
No Vit. E

and 201,

221 222 223

T emp.
W.

B. C.
Temp.

W. 
B. C.

T em p.
W.

B. C.

N 102. 0 19,150 102. 8 16,800 103. 6 18,650

1 105. 2 - 104. 0 - 103. 2 -

2 105. 0 9,300 104. 4 18,000 104. 0 10,300

3 105. 8 11,500 106. 0 7,500 105. 8 6,300

4 104. 4 6,600 1 0 6 . 0 6,600 1 0 6 . 6 6,200

5 104. 2 6,350 104. 6 13,850 105. 8 6,000

6 105. 0 13,100 104. 4 4,400 105. 2 5,450

7 103. 4 15,200 104. 0 3,400 103. 0 3,600

8 103. 8 - 104. 0 - 105. 0 -

Convulsions 

11th day

De stroyed 

11th day

De stroyed 
14th day

De stroyed 

13th day
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T A B L E  XXV

THE E FFEC T OF ULTRACENTRIFUGATION OF HOG 
CHOLERA VIRUS WITH REFERENCE TO 

INCUBATION PERIOD AND COURSE 
OF THE DISEASE

Days

Com. Virus I 
2 cc Subcut.

F i r s t  P a ss .  Virus 
No. 182 Ultracent. 

Sub cut. 1 cc

After

Inoc. 182 211

^  W. 
Tem p' B.C.

W.
Tem p‘ B.C.

N 104. 2 15,850 103. 8 17,100

1 - - 103. 4 22,600

2 104. 4 32,000 105. 0 5,900

3 104. 0 15,900 104. 4 7,000

4 105. 6 15,600 105. 6 5,600

5 105. 0 8,400 106. 2 3,350

6 1 0 6 . 4 9,150 105. 6 4,600

7 105. 6 6,700 105. 8 00 u I—
*

o o

8 105. 6 4,100 104. 8 -

9 105. 0 6,750 105. 0 26,200

10 104. 0 8,300 103. 8 10,800

11 Died 10th day De stroyed 10th day
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T A B L E  X X V  (C ontinued)

Days

After

Inoc.

C om m ercial Phenolized Virus II 2 cc Sub cut.

68 78 79 90 92 95

N 24,150 19,250 26,100 44,400 24,250 34,050

1 25,200 16,900 23,250 16,700 17,200 20,600

2 23,250 10,600 12,500 10,300 30,500 18,400

3 11,000 17,900 15,700 8,350 7,950 4,900

4 17,500 7,850 14,900 7,150 11,475 10,150

5 18,850 7,150 11,400 5,950 12,400 8,030

6 9,850 5,350 11,250 6,780 7,550 7,250

All anim als bled for v irus  production on 6th day.


