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INTRODUCT ION 

Salmonellosis , an enteric and/or septicemic d i sease o f 

anima ls , is caused by many different species of the genus 

Salmonella . Closely related groups of animals appear to 

harbor spec ific species of sal monella. Many of the salmo-

nellae a r e not species adapted and will p r oduce d i sease i n 

many different animals . Numerous species of sal monel l ae 

infect swine without producing apparent disease . The most 

common salmonella pathogen in swine in the Un i ted States is 

Salmonella choleraesuis var . kunzendorf . 

Porc ine sal monellosis and hog cholera have be en closely 

associated t h r ough the years due to the ir s imilar clinical 

signs a nd lesion s . The disease now known t o be hog cholera 

was thought to be caused by Salmonella choleraesuis due to 

the absence of information and diagnostic capabi lities fo r 

the isol at ion and identification of the vi r u s . The virus 

of h og cholera was eventually identified and hog cholera and 

salmonellosis we r e separated into two distinct disease enti -

ties . 

For many year s hog cholera caused the most fatalit i es 

in swine in the Un i t ed States . The inc iden ce o f hog cho l era 

in this country i s r apidl y decreasing due to a coope r at ive 

state - fede r al e r adication progr am and salmon e l los i s has become 

economically the most important disease problem of swine 

(Edwards and Galton , 1967) . In view of the curr ent relative 
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importance of salmonellosis , increased emphas i s should be 

g iven to the development o f b ett er means for its diagnosis , 

pre ven tion and treatment . 

Many Gram- negative bacte ria, including salmonellae, con-

t a in a potent endotoxin which is liberated when the cell wall 

d i s i ntegrate s . Considerable research has been done on the 

e ffects o f endotoxin in man and other animals . Most of the 

r esear ch h as been done , however, with Gram - negative organisms 

o t her t nan salmonellae and in animals other than swine . 

The g ross and microscopic lesions of porcine salmonel-

l os i s have been well described f o r both the enteric and septi -

c e mi c forms of the disease. The progressive hemat ologic 

cha nges which occur dur ing the course of the disease and the 

r o l e o f endotoxin have not been well defined . 

Th is exper i ment was designed to study the morphologic 

a n d hemat ologic changes in swine infected with virulent S . 

cho l eraesuis var . kunzendorf in the acute septicemic f o rm 

and to c ompare these changes with those produced by the inocu-

lation o f extracted endotoxin from this species of Salmonella . 

To accomplish this goal , 3 pigs each were inoculated 

intravenously with washed live cultures , washed killed cul -

tures , and endotoxin of s . choleraesuis var . kunzendorf re -

spectively . Hematologic and morphologic changes were studied 

a nd compared in each experimental group. 
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REVIEW OF LITERATURE 

In 1886, Salmon and Smith isolated a bacterium from sw i ne 

affected with hog cholera . They incorrectly postulated that 

this organism was the cause of hog cholera and proposed the 

name Bacillus cholerae suis . Fourteen years later , Lignieres 

suggested that this genus of bacteria be named Salmonella in 

honor of D. E . Salmon, the first Chief of the United S t a t es 

Bureau of Animal Industry (Merchant and Packer , 1967) . 

Following Salmon and Smith ' s first isolation numerous 

new spec ies of salmonellae were isolated from many diffe r ent 

members of the animal kingdom . It became appar ent that hos t 

susceptibility and morphologic and biochemical char ac t e r i stics 

were not sufficient criteria for species differentiat i on . 

Schuetze (1921) attempted to distinguish various groups of 

salmonellae through the use of absorbed serums . Wh ite (1925) 

formulated a system of classification based partially on t he 

o r ganism ' s antigenic composition . Kauffmann (1941) e x panded 

and refined White ' s scheme and the present system of c l a s s i f i -

cation is based on morphologic , biochemical and serologi c 

characterist ics of each individual species . 

Most spec ies of salmonellae will infect a wide var iety 

of animals , however , a few are host specific . All known 

species o f salmonellae can be pathogenic for man or othe r 

animals but most animals will often harbor one o r more s pecies 

without exhibit i ng clinical disease (Breed et a l ., 1957) . 



Dorset et al . (1905) reported that swine may have primary , 

secondary , o r latent salmonellae infections . Murray et al . 

(1927) reproduced porc i ne salmonellosis by oral inoculation 

of swine with cultures of Sal monella suipestifur (cholerae 

suis) . These e x periments were continued by Bi es t er et al . 

(1927) who described the sequential development of gross and 

microscopic l e sions . 

Salmonella choleraes uis var . kunzendorf has been the 

most common cause o f clinical porcine salmonellos is in the 

United States (Edwards and Galton , 1967 ; Jubb and Kennedy , 

1970) . Nume r ous other salmonella serotypes have a l so been 

associated with disease in swine (Edwards et al ., 1948 ; Mor a n , 

1962 ; Edwards and Ewing , 19 70 ; Harrington et a l ., 1971) . 

Harrington et a l . (1971) i solated salmonellae f r om 831 p i gs 

o f 2 , 774 suspec ted o f being infected with hog cholera . Five 

hundred a nd nineteen o r 62 . 5 percent of these 8 31 isolates 

were Salmonella choleraesuis var . kunzendorf . The r emaining 

isolates were a conglomerate of 42 distinct se r otypes . 

Porc ine salmone llosis can be divided into 2 clinical 

syndromes , an acute septicemic form and a chronic enteric 

f or m (Jubb and Kennedy , 1970 ) . An animal that surv ives the 

acute syndrome usually develops the chroni c ente ri c form . 

Acute salmonellosis usual l y affects young pigs , 2- 4 months 

o f age , and is only rar ely seen before weaning (Jubb and 

Kennedy , 1970) . Clinically the piglets a r e febrile , weak , 

dull and rapidly become moribund . Cyanos i s of the snout , 
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ears , tail and distal portions of the e xtremities is often 

evident . Death usually occurs from 1 - 7 days after clinical 

signs appear . Mortal i ty is high in p i gs with cl inical signs 

but herd morbid ity is low (Sorensen , 1970) . At nec r opsy there 

are widespread subserosal and submucosal hemorrhages that 

mimic those of hog cholera with regard to s ize and distri -

bution . Renal cortical hemorrhages , serohemorrhagic lymphad -

enitis and splenomegaly are common (Sorensen, 1970 ; Jubb and 

Kennedy, 1970) . 

Microscopically the lesions are char acterized by capi l -

lary thrombos is and focal necrosis . In the lungs t her e i s 

subpleural hemorrhage , pulmonary edema , and congestion . The 

liver is usually conges ted and contains subcapsular petechial 

hemorrhages . Numerous small foci of necrosis, referred to as 

typhoid nodules , are scattered throughout t he hepat i c paren-

chyma (Robb ins, 1962 ; Boyd, 1970 ; and Jubb and Kennedy , 1970) . 

These small lesions vary in their development from simple 

coagulative necrosis to diffuse reactive h i stiocyt i c granu-

lomas with Kupffer cell hyperplasia . Typically these lesions 

are not i nflammatory as there i s only min imal focal leukocy -

tosis . Central ne cros is occur s as the lesions progress. Very 

few fibroblasts are present surrounding the necrotic foci . A 

mild meningitis , characterized by perivascular cuffing with 

lymphocytes , plasma cells and a few macrophages , is somet ime s 

present but an e n cephalitis is rare (Jubb and Kennedy , 1970) . 

Infrequently there are small myocardial infarcts (Seghetti , 



6 

1946; Dade , 1966; and Sor ensen , 1970) . 

The main clinical features of chroni c enteric salmonel -

losis are diarrhea , dehydration a nd emaciation . Salmonellae 

pr oduce the primary insult to the inte stinal mucosa and sub-

sequently many organi s ms along with salmonellae ga in entry 

in to the mes enteric lymphatic system a nd gene r al circulation 

resul t ing in system i c reactions (Murray et al . , 1927 ; Biester 

et a l ., 1 9 27 ; Lawson and Dow, 1964 ; and Jubb and Kennedy , 

1970 ). A deficiency of niacin can alter the intestinal mucosa 

s o t hat it is mor e susceptible to invasion by salmonellae 

(Edwa rds and Galton , 1967). In the chronic form of t he 

disease the hos t is usually able t o eliminate the or ga n i sm 

from the general circulation but the salmonellae oft en per -

sist i n the visceral lymph nodes and gall bladder . The ma i n 

lesi on seen at necropsy is a severe enteritis with necros i s 

and h emo rrhages (Jubb and Kennedy , 1970 ; and Sorensen , 1970) . 

Sorensen (1970) states that the necrotic intestinal mucosal 

lesion is often secondarily invaded by Fusiformis necrophorus 

o r Bal a ntidium coli . The systemic lesions when presen t are 

e ssentially the same as those desc r ibed for the acute sept i -

c e mic form although they may be less severe . 

Very little has been done to establish hematol ogic 

changes pr oduced by salmonella infection in sw ine . Sorensen 

et al . (1961) studied leukocyte c ounts in swine infected with 

virulent hog cholera virus (HCV) a nd mod i f i ed HCV using S . 

chol e raesuis as a stressing agent . He also studied a group 
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of pigs infected with ~ · cholerae suis alone . In these animals 

he r eported a decrease in thrombocytes and a leukocytosis . 

Seghett i (1946) , studying a natura l outbreak of salmonellosis 

caused by ~· choleraesuis var. kunzendorf , reported a moderate 

leukocytosis with an increase of neutrophils and a decr ease 

in lymphocytes . Sorensen (1970) stated that hemograms of 

pigs with salmonellosis usually revealed a slight anemia 

and a marked leukocytosis with a regenerative shift to the 

left . 

Stud ies of changes in the levels of serum enzyme activity 

have not been reported in porcine salmonellosis . 

Most Gram - negat ive bacteria contain a complex p r ote in-

lipopolysaccharide e ndotoxin in their cell walls which is 

very toxic t o animals (Nowotny , 1969) . Endotoxin is released 

when the bacterium dies and the cell wall is lysed (Jawetz et 

al ., 1970) . The presence of a toxic substance in Gram- negative 

bacteria was suspected for many years prior t o the discovery 

of endotoxin . In certain human diseases such as typhoid fever 

no t all of the body responses could be attributed to the di -

rect effect of t he bacteria . Seibert (1923 , 1925) reported 

a pyrogenic substance in Gram- negative bacteria and Boivin 

et al . (1933) extracted and identified the substance as endo-

toxin . Antigenically endotoxins appear to be d istinct and 

a re the ant i gens responsible for the 0-antigenic specificities 

of Enter obacteriaciae of which the genus Salmonella is a 

member (Work, 1971) . 
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According t o Braude (1964) and Work (1971) a ll e ndotox ins 

produce the same general sign s i n e xperimen tal ly inoculated 

a n imals r egardles s of the Gram- negat i ve bacterium from wh i ch 

they ~ere derived . The known physiopathologic effec ts of 

endotoxin are mo r e or less characteristic for th i s group of 

substances . Typically they a r e very pyrogenic (Work , 1971 ) . 

After inject i on o f an e ndo t oxin there i s a short latent peri od 

followed by a d i phasic t emperature r ise . The interval between 

peaks in tempe r a t u r e i s about one hour . A marked decrease 

in circulating neut r ophil ic leukocytes occu r s sho r t ly a fter 

the init i al rise in tempe r ature (Jawetz et al . , 1970) . Braude 

(1964) a t tributes the second rise in temper ature to an en -

dogenous pyrogen r eleased f rom leukocy tes d amaged by the 

endotoxin . Braude (1964) also suggested that the temp e rature 

r ise coul d be a direct effec t of the e ndotoxin on the ther mal 

control centers i n the h y pothal amus . 

After repeat ed dai ly doses of e ndo t oxin , a t o lera n c e 

develops and the r e is a p r ogressive d i mi nut ion o f feb ri le 

and other systemic responses (Beeson , 1947) . Toler a nce is 

thought to be d u e to t he production of anti - endotoxin a nti -

bodies which e nable the r eticuloe ndothe l ial s ys tem t o rapidly 

remove the e ndo t oxin from t he blood s tream (Br a ude , 1964) . 

If a blockage o f t he reti culoendothelial system i s produced 

with par t i cles o f car bon , t h orium dioxide o r sacchar ated iron , 

tolerance can b e abolished . Th e a dministr at i on of a d r e na l 

cortical steroids a l so seem t o d imini sh the effec t s of the 
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injected endotoxin (Braude , 1964; Jawetz et al ., 1970) . 

Zweifach (1964) studying the vascular effects of large 

doses of endotoxin produced a general circulatory collapse 

which resulted in a shock syndrome. A few minutes after in-

oculation with endotoxin the arterial blood pressure fell 

rapidly . The blood became sluggish and failed to adequately 

perfuse the brain, lungs and kidneys . This synd r ome mimicked 

shock resulting fro m massive blood loss . Braude (1964) states 

that the collapse of the circulatory system is not due to a 

depletion of b lood volume . He believes t he collapse is the 

result of a slowing down of blood flow to the heart which i n 

turn can not pump the normal volume of blood into the a r ter ial 

circulation . Epinephrine greatly accentuates the tox i c e ffects 

of endotoxin . Stetson (1955) and Thomas (1956) found epine -

phrine caused the blood vessels to overreact if they had been 

sensitized to endotoxin . The resultant impaired ci r culation 

caused extensive tissue damage . Brunson et al . (1955) and 

Zweifach (1964) stated that bacterial endotoxins mainly damage 

the microcirculation of ~he body . 

Endotoxins can cause both local and generalized Schwartz-

man reactions . This phenomenon was first obse r ved by Sana-

relli (1924) but Schwartzman (1928) studied and described it . 

The local Schwar tzman reaction is produced when an animal is 

injected intradermally with endotoxin and 24 hours late r given 

an intravenous injection of the same substance . Severe in-

flammatio n and necrosis develop at the site of the first in -
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jection . The generalized Schwartzman reaction is p r oduced 

by two successive intravenous injections of endotoxin . After 

the second injection bilateral renal cortical necrosis devel -

ops as a result of the occlusion of glomerular capillaries 

by masses of fibrinoid material (Thomas and Good , 1952; 

Brunson et al ., 1955) . Lawson and Dow (1964) have produced 

this reaction in rabbits with s . choleraesuis endotoxin and 

Nordstoga (1970) has produced it in swine . 

Nonspecific resistance can occur from the administration 

of small doses of endotoxin since it increases serum levels 

of properdin and stimulates phagocytic activity of leukocytes 

(Landy and Pillemer , 1956) . Animals subjected to excessive 

amounts of ionizing radiation usually die of overwhelming 

Gram- negative bacterial infections . I ncr eased resistance 

to the latter is produced by prior administration of small 

doses of endotox in (Jawetz et al . , 1970) . 
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MATERIALS AND METHODS 

Source of Animals 

F ifteen, first gene r ation , specific pathogen free (SPF ) , 

naturally farrowed Chesterwhite pigs were obtained from the 

herd at the National Animal Disease Laboratory (NADL) , Ames , 

Iowa . There were 7 males and 8 females in the g roup . All 

pigs we re a pproximately 3 months of age , weighed 30 to 40 

pounds and had received no immunizations . 

The pigs were raised on concrete and housed in isolation 

units away from other swine . Three pigs at a time were 

b r ought from the holding pens into the building where the 

e xperiment was conducted . The r ooms in this building were 

all concrete and the temperature and relative humid i ty were 

kept at 70 F . and 45 percent respectively . 
1 The pigs were fed a special pe lleted feed diet , which 

was nutri t i onally balanced and complete . The p igs were fed 

this die t from time of weaning until completion of the experi -

ment . The feed contained n o antibiotics or growth stimulants . 

Rectal swabs were collected from each p i g every third 

day until 3 specimens were obta ined . The swabs were cultured 

immediately in selenite broth , 2 enriched with cyst ine , 3 as 

1 NADL Pig Grower No . 539 , Al Nuzum Supply Company , 
Baxter , Iowa . 

2 Difeo Laboratories , Detroit , Michigan . 

3calb i ochem Corporation , Los Angeles , California . 
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described by North and Bartram (195J) . After incubation for 

18 t o 24 hours at 37 c. a loopful of this med ium was streaked 

on brilliant green agar (BGS agar) 1 with Na sulfadiazene1 

added as an inhibitor for pseudomonas and proteus . The agar 

plates were incubated for 1 8 to 24 hours at 37 c. If sal -

monellae were present , there would be typical colony growth 

surrounded by a pink zone . If no growth was present on the 

plates at 24 hours they were incubated for another 24 hours 

to avoid missing slow g r owing organisms . All a ttempts to 

isolate salmone llae from the experimental pigs were negat ive . 

Surgical Preparation of Experimental Animals 

An indwell ing arterial cathe ter was placed in the femoral 

artery of all pigs according to the method of Dougherty et al . 

(1965) . The pigs were anesthet ized with a halo thane anes -

thetic , 2 and a polyvinyl catheter) (inside diame ter 0 . 058 11 X 

outside diameter 0 . 08" ) was surgically inserted into the fe -

moral a rte ry in the midfemoral reg ion. The c a theter was in -

serted deep into the artery and passed anterior into t he aorta 

to a po int just caudal to the origin of the renal a rte ries . 

The catheter was anchored t o muscle and fascia and t he distal 

end passed subcutaneously t o the lumbosacral reg i on on the 

1Difco Laboratories , Detro i t , Michigan . 
2 " Fluothane " - Aye r st Labo r atories , Chicago , Illinois. 

3Becton , Dickinson and Company , Rutherford , New Jersey . 
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back . 1 A metal stopcock (Figures 1 and 2) was attached to 

the exterior end of the catheter and f irrnly ~utured t o the 

skin . 
2 A quaternary ammonia sanitizing agent, diluted 1 : 1250 

was applied daily to the suture wounds to prevent infect i on . 

Each pig was placed in a separat e pen to prevent mu til a -

tion of the surgical site . 

Source of Inoculum 

The strain of s . choleraesuis var . kunzendorf us e d was 

o r iginally isolated from a natural outbreak and has been ma in-

tained as a type culture (70 -13679) by the USDA , An i mal a nd 

Plant Health Se r vice , Diagnostic Services , NADL , Ame s , I owa . 

This isolate of Q. choleraesuis var. kunzendorf belongs to 

the c1 group of salmonellae , with somatic (0) antige ns numbe r s 

6 , 7 and flagellar (H) antigens , phase 1 , (C) a nd phase 2 , 1 , 

5. This class i f i cation is in accordance wi th the Kau ffmann -

White schema as listed by Edwards and Ewing (1970) . 

Preparat i on of Inoculum 

Experiment I 

A 4 mm . loopful of the selected cultu r e was inoculate d 

into each of 6 mi lk dilut i on bottles which conta ined 30 ml . 

1 Becton , Di ck ins on a nd Company , Ru t herfor d , New Jersey . 
2 Roccal , Winthr op e Labor a t o r ie s , New Yor k , New Yo r k . 



Figure 1 . Metal stopcock sutured to skin in the lumbar 
area 

Figure 2 . Pig with catheter in place . The catheter is 
protected from damage and filth in this loca-
tion . There is minimal discomfor t and no 
impairmen t of locomot i on 
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of a liquid med i um . The liquid medium was a mixtur e of 50 

percent trypticase soy broth1 and 50 percent tryptose b r oth 2 

(TST media) . The bottles were incubated at J7 C . for 18 

hours . The medium was centrifuged for JO minutes at J4 , 800 

X G. The supernatant fluid was decanted and the pellet re -

suspended in sterile saline . This washing p r ocedur e wa s 

repeated J times . All saline solutions used in this exper i -

ment and subsequent experiments contained 0 . 85 Gm . of NaCl 

per 100 ml . of d i stilled water . The final pellet a fter cen-

trifugation was resuspended in 20 ml . of sterile saline . This 

suspension was diluted to a McFarland nephelometer reading 

of 1 . 0 (McFarland , 1907) . 

Experiment II 

Six milk dilution bottles containing JO ml . of TST medium 

each were inoculated and incubated as in Experiment I . The 

contents of each bottle was emptied into a sterile metal cen-

trifuge cup . The metal cups were placed in a bo iling water 

ba~h for one hour . The cups were cooled and centrifuged at 

J4 , 800 X G for JO minutes . The bacteria were washed and stan-

dardized as in Experiment I . A suspension equal to a McFar-

land nephelomete r reading of 10 was prepared . A 4 mm . loopf ul 

1 Baltimore Biologics , Division of Bioquest Laboratories , 
Baltimore , Md . 

2Di fco Laboratories , Detr oit , Michigan . 
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o f th e bacterial suspension was streaked on BGS agar and i n -

cubated at J? c . overnight . There was no bacterial g rowth 

in 24 hours incubation . 

Experiment III 

A milk dilution bottle containing JO ml . of TST medium 

was inoculated as in Experiments I and II . The bottle was 

incubated at J7 C. for 6 hours . One ml . of the 6 hour cul -

ture was inoculated onto each of 56 large metal media pans . 

The large media pans were stainless steel cake pans 8 inches 

in diameter covered by 9 inch stainless steel cake pans . 

The medium was prepared according to the following 

formula : 

Per liter 

Trypticase soy broth JO Gm . 

Tryptose broth 20 Gm . 

Yeast extract 1 5 Gm . 

Agar 1 20 Gm . 

The inoculum was smeared over the surface of the medium 

with a sterile L- shaped glass rod until the s urface was evenly 

covered . The culture pans were incubated for 24 hour s at 37c . 

The bacter ia were harvested by adding 7 ml . of sterile 

saline to the surface of the media . The L- shaped glass rod 

was used to loosen the salmonellae from the medium . The 

1 Difeo Laboratories , Detroit , Michigan . 
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o r ganism- saline suspens ion was pipetted into a s terile 100 

ml . containe r . Another 7 o r 8 ml . o f sterile sal ine was added 

to the medium and the rema i ning salmonellae were r ecovered on 

the second washing . 

The 56 l arge media pans y i elded ove r 600 ml . of the bac-

te r ia - saline suspens i on . The volume was reduced to approxi-

mately 180 ml . by centrifugation and the o r ganisms were washed 

J times in saline solution . 

After the third washing the method o f Roschka (1950) 

as outlined in Edwa r ds and Ewing (1970) fo r the production 

of " O" or somatic antigen was used to kill a nd d ry suff i cient 

salmonellae f o r endotoxin extraction . 

The e ndo toxin was e xtra cted by the me t hod of We s tphal 

and Jann (1965) which utilized the hot water a nd phenol method 

for crude endotoxin e x traction and ultracentrifugat ion for 

con centration and purification . The gelatinous endotoxin at 

the end o f ultracentrifugation was r e suspended in 25 ml . of 

sterile saline solut i on . This mixture was the final inoculum 

for Experiment III . 

One ml . o f the endo t oxin mixture was drawn into a 10 ml. 

syringe . A syringe 1 adapter (Swinny adapte r ) with a mill ipore 

filter (Type AAWP - pore size 0 . 81) 1 pos itioned inside was 

attached to the 1 0 ml . syringe . The millipore filter was 

pre pared by dry ing in an oven at 110 C., then weighed . 

1 Mi llipore Filter Corpo r a tion , Bedford , Massachusetts . 
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Pressure on the plunger forced the mixture thr ough the f ilter . 

The filtrate was discarded . After filtrat i on the filte r was 

again dried in a 110 c . oven and weighed . The filter con-

tained JOO mg . of solids . According to Westphal and Jann 

(1965) this residue is 97 percent lipopolysaccharide (endo -

toxin) and J percent bacterial nucleic acid . 

Inoculation Procedures 

Immediately following the collection of t he pr e - inocula-

tion blood specimen through the catheter , the pigs we r e placed 

in a dorsal recumbent position in a wooden V- shaped t r ou gh . 

The inoculum was injected into the anterior vena cavae acc ord-

ing to the following schedule . 

Experiment I 

Three pigs were each inoculated with J ml . of a suspen -

sion of live washed salmonellae at a concentrat i on of J times 

a McFarland nephelometer 1 . 0 reading . 

Experiment II 

Three pigs were each inoculated with J ml . of a s uspen-

sion of killed , washed salmonellae at a concentr at i on o f 10 

times a McFarl and nephelomete r 1 . 0 reading . 

Experiment III 

Three pigs were each i nocul ated with J ml . o f t he f i nal 

endotoxin extr act f r om t h e sal monellae . 
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Contro ls 

Three pigs were each inoculated with 3 ml . of steri le 

saline solution . 

Hematologic Procedures 

Blood samples were collected from each pig once a day 

for at least 4 days prior to inoculation and then immed iately 

before inoculation to establish normal individual hematol ogic 

values . 

Blood was collected at 15 , JO , 45 and 60 minutes , a nd 

2 , 4 , and 6 hour s postinoculation (PI) for the first day . 

On subsequent days samples were collected at 9 : 00 a . m. a nd 

3 : 00 p . m. 

Appr oximate l y 10 ml . of blood was coll ected each t ime . 

Five ml . of blood was drawn into a " Vacutainer" ( 4727 - 3200 QS ) 1 

vial containing liquid anticoagulant , ethylenediami ne - tetra -

acetic ac i d trisodium salt (EDTA) . 1 Another 5 ml . was d rawn 

into a " Vacuta ine r " (4710 - 3200) 1 vial which conta i ned n o addi-

tives . 

A drop of b l ood from the syringe was placed on a g lass 

slide and a d ire c t smear was made wi th another s lide by the 

method of Sch a l m (1965) . Two blood smears were made from 

each pig at each b l eeding time for differential leukocyte 

counts . 

1 Becton , Dickinson and Compa ny, Rutherford , New Je rsey . 
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The catheter system was emptied of heparinized saline 

by withdrawing a J ml . sample of blood which was discar ded 

prior to collecting the desired sample . Following the speci -

men collection (Figure J), the catheter system was refilled 

with sterile saline solution containing 1,000 International 

Units o f heparin1 per ml . and left until the next bleed ing 

time . 

The tests conducted on the unclotted blood samples were : 

erythrocyte sedimentation rates (ESR); packed cell volumes 

(PCV); total red blood cell counts (TRBC) ; and total white 

blood cell counts (TWBC) . 

The ESR was done using the modified Westergren method 

(Gambino et al . , 1965) . All ESR tests were started within 

1 hour after blood was collected . 

The PCV determinations were made by the micro - hematocrit 

tube method . 

The erythrocytes were electronically counted by a Coulter , 

Model B , research counter . 2 Machine calibration and procedur es 

used for enumerating swine erythrocytes was the method pre -

sented by Wisecup and Crouch (1963) . 

No TRBC counts were conducted on the 15, JO and 45 mi nute 

PI bleedings . Total erythrocyte counts were done at 1 , 2 , 4 

and 6 hours PI and on both bleedings on subsequent days . 

1calbiochem Corporation , Los Angeles , California . 
2 Coulter Electronics, Inc ., Hialeah , Florida . 



Figure J . Collection of a blood sample . Safety cap is 
removed and a syringe attached . Valve is turned 
to open the position and the b l ood d rawn into 
the syringe . The catheter system is filled with 
heparinized saline except while b lood is being 
collected 
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The TWBC counts were made by the same machine us i ng dif-

ferent d ilutions and calibrat i ons , again following the methods 

described by Wisecup and Crouch (1963) . 

The blood with no additives was allowed to clot and then 

centrifuged at approximately 1,000 X G for 20 minutes to ob -

tain the serum for the serum enzyme assays . 

Serum glutamic oxaloacetic t r ansaminase (SGOT) determina-

tions were conducted us ing the colorimetric method of Re i tman 

and Frankel (1957) . Kits , commercially available from the 

Sigma Chemical Company, were used and the procedures followed 

were those outlined in Sigma Technical Bulletin No . 505 . 1 

Results were reported in Sigma- Frankel units which a r e defined 

in the same technical bulletin . 

Serum l act ic dehydrogenase (LDH) levels were dete r mi ned 

by the colorimetric method of Cabaud et al . (1958) . Reagent 

ki~s were used and p r ocedures followed as described in Sigma 
1 Technical Bullet in No . 500 . Results of LDH act ivity were 

reported in Be r ger- Broida (B- B) units which are defined in 

Sigma Technical Bulletin No . 500 . 

The blood smears were stained with Wr i ght ' s Blood St ain2 

and buffered by Wright ' s method for staining white blood 

cells . Differential leukocyte counts were performed by the 

cross section method of MacGregor, Richards and Loh (1940) . 

1 Sigma Chemical Company , St . Louis , Missouri . 
2 Wright ' s Blood Stain , Item No . 740 , Hartmann- Leddon 

Company , Philadelphia, Pennsylvania . 
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Two hundred leukocytes were counted on a ll blood smears . The 

leukocytes were differentiated by their mo r phologic and char -

acteristic staining qualities as described by Schalm (1965) . 

Necropsy Procedures 

All pigs were killed 96 hours PI . Five ml . of a 10 per-
1 cent solution o f succinylcholine chloride was injected into 

the arterial catheter after the l ast blood colle ction was 

made from each animal. Necropsies were perfor med according 

to the procedure of Jones and Gleiser (1954) , with all bod y 

systems being examined . Gross lesions encountered during 

the nec r opsy were carefully recorded . 

Representative tissue specimens were collected and 

placed in 10 percent buffered f ormalin solution for f ixation . 

If lesions were present a specimen was also collected . The 

following is a list of tissues routinely collected from each 

animal : 

Nervous system - intact brain and portion of 

cervical spinal cord . 

Cardiovascular system - wall of right atrium and wall 

of r ight ventricle . 

Respirato ry system - diaphragmatic lobes of bo t h 

lungs . 

1Sigma Chem i cal Company , St . Louis , Missouri . 



Diges t ive system 

Hemopoietic system 

Urinary system 
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- liver , stomach, j ej unum , ileum , 

caecum , colon and rectum . 

- tons il, spleen and lymph nodes. 

The lymph nodes were : mandibular, 

cervical, med i astinal , bronchial , 

gastri c , mesenteric, colonic and 

interna l iliac . 

- kidney . 

Duplicate o r re p r e sentative tissue specimens of all the 

tissue s listed for formalin fixation , with the exce ption of 

brain and sp inal c ord tissue, we re c ollected in the fresh 

state . Each fresh tissue specimen was packaged in a small 

plastic envelope and identified as to tissue , location , and 

animal . These tissues were frozen in a - 70 c . chest type 

freezer. 

Histologic Procedures 

Tissue specimens collected at necropsy were fixed in 

1 0 percent formalin f o r 72 to 96 h ours at r oom temperatur e . 

The fixed tissues were trimmed, dehydrated in graded concen-
1 trations o f ethanol, cleared in clearing agent and infil -

trated with paraffin, 2 in the r outine manner in an Autotech-
1 nicon . Following infiltration with paraffin, the tissues 

1 The Technicon Company, Chauncey, New York . 
2 Paraplast - Aloe Scientific, St . Louis, Missouri . 
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were then embedded i n paraff i n and cut into 6 mi cron th i ck 

sections wh i ch were mounted on glass slides for s t a i n i ng . 

All sections were s t a i ned with Harr is ' hema toxyl i n and eosin 

Y (H & E) . 1 Spec ial stains were also employed on selected 

tissues . MacCallum- Goodpasture ' s Gram stain ,
1 

and May -

Grunwa ld Giems a ' s sta in1 were used for bacteria . Per i odic 

acid - Schiff ( PAS) sta i n1 was used to demonst r ate f i brin 

accumula tions . The t echniques for all histologic and sta i n -

ing procedures f ol l ow those found in a manual publ i shed by 

the Armed Forces Ins t itute o f Pathology (1968) . 

Cultural a n d Fluor escent Antibody Pr ocedures 

Studies on HCV i nfected pigs were be ing conduct ed con-

currently i n the s a me iso l ation building , therefo r e , acci -

dental contaminat i on was a possibility . T i ssues f r om every 

a nimal used in t he pr oject were examined for the presence 

of HC viral ant i gen . 

Frozen tons i l , spleen and mandibular lymph node were 

used for the f luo r escen t ant i body tests for hog chole r a . Two 

tests were used , the fluo r escen t a n tibody tissue sect i on tech-

nique (FATST) , Bedell et al . (1969) , and t he fluo r e s c en t ant i -

body tissue cultur e technique ( FATCT) , Tur ner et a l . (1969) . 

Frozen liver, kidney , s pleen a nd mand i bular l ymph node 

were used fo r fluores cent antibod y ( FA) de t ect i on of salmo-

1 Allied Chemical s , National Bi ological Sta i ns and Re -
agents Department , Mo r r i stown , New Jer sey . 
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nellae by the method of Ellis and Harrington (1968) . The 

FA test was conducted on tissues from all animals used in 

the project . 

Portions of frozen liver , kidney, spleen and mandibular 

lymph nodes from all pigs were also cultured for salmonellae . 

This was accomplished by mincing bits of tissue into tetra-

thionate broth1 and incubating overnight at 37 c . A loopful 

o f broth was str eaked on brilliant green agar (BGS agar) with 

sulfadiazine and incubated overnight at 37 c. If pr esent , 

s almonella colonies were selected and transferred into a tube 

of triple sugar iron agar (TSI agar) 1 and cultured overnight 

at 37 C. Hydr ogen sulf ide (H 2s) production, as evidenced 

by blackening of the TSI agar was indicative of S . chole r ae -

suis var . kunzendorf . 

The FA conjugates for both the HC and salmonella diag-

nostic tests were p r oduced by the Animal Health Division , 

Diagnost i c Services , NADL , Ames, Iowa . 

All FA test results were read on Leitz Orthoplan micro -
2 scopes equipped with a xenon ultraviolet light source and 

using a BG 38 heat absorbing filter , a BG 12 blue e x citing 

filter and a K530 barrier filter . 

1 Difeo Laboratories , Detroit , Michigan . 
2 E . Le itz, Inc . , New York , New York . 
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RESULTS 

Ex periment I 

Clinl~al observations 

Following i noculation of the pigs with live sal monellae 

there was no apparent reaction for 4 hours PI . All pigs a te 

within 1 hour PI . About 4 hours PI, the pigs lay down and 

did not r esist when blood was collected . They would get up 

and move a r oun d when stimulated . 

Twenty- f our hours PI , the pigs we r e vomiting , depressed 

and re luctant to move . They had stopped eating . The fe ces 

were fi r m, mucus cove r ed and in pellet fo r m (F igure 4) . The 

pigs were still able to get up and walk short dis tances when 

prodded . 

From 24 to 48 hour s PI , the pigs were ve r y reluctant 

to move , but cont inued to r espond when stimulated . They were 

still n ot eating . The feces were firm and mucus covered . 

Vomiting ceased during t h is period . Slight bleeding of t he 

catheter surgery wounds was observed between 48 and 72 hours 

PI (F igure 5) . 
At 72 hours PI , the pigs appeared mor e ale rt but were 

still recumbent . They opened the ir eyes and watched whil e 

the care takers cleaned their pens and put in fresh feed . 

They we re n ot eating or drinking . A f ew small pellets of 

fec es were scattered about the pen indicating the pigs had 

moved a r ound during the night . They still offe r ed no 



Figure 4 . Experiment I, 24 hours PI. The pig is severely 
depressed . Firm, dry feces and untouched f e ed 
are present in the pen 

Figure 5. Experiment I , 48 hours PI . The pig is moribund 
and serosanguinous fluid from the surgical 
incision stains the back and sides 
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r es i stance whe n t he lr tempe r a tures we r e taken and t he b l ood 

collected . 

At 96 h ours PI, the clini cal appear a nce of all J p i gs 

had impr ove d . They wer e still r ecumbent a nd anorexic , bu t 

appeared mor e a l e rt a nd showed s ome interes t i n feed . Body 

temperature s o f all J p i gs a r e r ecor ded in Table 1 . The t em -

peratur e s became elevated rapidly . At 6 hours PI a 2 to 4 F . 

i ncrease was disclo sed . The temp e r a t u r es r emained elevated 

u n til 96 hours PI , at which time the pig s were killed and the 

e x perimen t c oncluded . 

Hematology 

Eryth r o cyte sed i mentation r a te The ESR results are 

lis ted i n Tab le 2 . After 2 hour s PI , the ESR b egan to in-

c r ease r ap i d l y . Pig 525 had an e x t reme ly fast ESR . The ESRs 

wer e mar kedl y e leva ted in a ll J pig s a t 24 hours PI and re -

mained high until the p i gs were k illed a t 96 ho urs PI . 

Packed c ell vol ume The PCV r esults are listed i n 

Tab l e J . The greatest PCV values occurred with in the first 

2 hour s P I . After 2 hours PI , a definite decreasing t rend 

o ccurr ed which continued through 72 hours PI . Sligh t rises 

in t he PCVs were noted at 96 hours PI . 

To tal red blood cells The TRBC counts are listed in 

Ta b le 4 . The h i ghest TRBC counts we r e recorded prio r to i noc -

ulat ion . A very gradual decrease in numbe r s of erythr ocytes 

occurred thr oughout the course of the experiment . No s udden 
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Table 1 . a Body temperatures of swine inoculated with virulent 
S . choleraesuls var . kunzendorf . Experiment I 

Hours PI Pig 524 Pig 525 Pig 550 

- 96 lOJ . 2 102 . 6 lOJ . O 

- 72 101 . 8 lOJ . O 102 . 6 

- 48 101.6 102 . 7 102 . 1 

- 24 102 . 0 104 . 4 l OJ.4 

0 102 . 2 104 . 8 104 . 4 

15 min . b 

JO min . 

45 min . 

1 

2 ... 
4 

6 106. 6 106 . 4 106 . o 

24 106 . 8 105 . 0 106 . 4 

30 107 . 8 107 . 0 106 . 6 

48 107 . 2 107 . 4 106 . 6 

54 107 . 4 107 . 2 107 . 2 

72 106 . 4 106.6 107 . 0 

78 107 . 0 1 06 . 6 106 . 8 

96 106 . 6 106.8 106 . 2 

a Temperatures recor ded in degrees Fahrenhe it. 
b No temperatures taken. 
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a 
Table 2 . Erythrocyte sedimentation rates o f b lood from 

Hours 

- 96 

- 72 

-48 

-24 

0 

15 

JO 

45 

1 

2 

4 

6 

24 

JO 

48 

54 

72 

78 

96 

a 

swine inoculated with virulent s . choleraesuls 
var . kunzendorf . Expe r iment I 

PI Pig 524 Pig 525 P i g 550 

7. 0 22.0 21 . 0 

6 . o 27 .5 17. 0 

6.5 41 . 0 28. 0 

10 . 0 94 . 5 15. 0 

4 . o 92 . 0 26 . 0 

min . 4 . 5 120 . 0 21. 5 

min . 2. 5 76. 0 18 . 0 

mi n . 4 . o 66 . o 15. 0 

3 . 0 47 . 0 11. 0 

2. 5 96 . 0 15 . 0 

15 . 0 144 . o 39 ·5 

20 . 0 lJl . O 55 .5 
42 . 0 128 . 0 89 . 0 

49 . 5 147 . 0 102 . 5 

45 . 0 146 . o 92 . 0 

48 . 0 151 . 0 98 . 0 

51 . 0 101 . 0 59 .0 

55 . 0 99 .5 54 . o 

46. o 112 . 0 60 . 0 

Packed cell volume r eport ed a s pe r c entage . 
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~abl0. J . Packed cell volurnea of blood of swine inoculated 
with virulent s . choleraesuis var . kunzendorf . 
Experiment I -

Hours PI Pig 524 Pig 525 Pig 550 

- 96 31 . 0 27 . 0 28 . 0 

- 72 32 . 5 27 . 5 28.0 

- 48 33 . 0 26 . 5 29 . 5 

- 24 34 . 5 28 . 5 30 . 5 

0 32 . 0 28 . 0 30 . 5 

15 min . 35 . 5 27.5 J2 . 5 

JO min . J4 . o 26 . 5 34.0 

45 min . 3J . O 27 . 0 31 . 0 

1 32 . 5 26 . 0 Jl . O 

2 30 . 0 29 . 5 31 . 0 

4 30 . 0 24 . o 28 . 5 

6 31 . 5 26 . 5 27 . 5 

24 28 . 0 27 . 0 27.0 

JO 27. 5 25 . 5 25 . 5 

48 28 . 5 25 . 0 24 . o 

54 27 . 0 23 . 5 22 . 0 

72 27 . 0 30.5 26 . 5 

78 27.0 23 . 5 24. 5 

96 29 . 0 25 . 0 25 . 5 

a Packed cell vol ume r eported as percentage . 
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Table 4 . Total r e d b l ood ce ll countsa f r om b l ood o f s wine 
inocul ated wi th v irulent s . choleraesu i s var . 
kunzendo r f . Ex per i ment I -

Hours PI Pig 524 Pig 525 P i g 550 

-96 515 446 469 

- 72 548 460 475 

-48 620 487 548 

- 24 645 512 559 

0 570 476 552 

15 min . b 

30 min . 

45 min . 

1 581 438 541 

2 564 488 546 

4 496 379 470 

6 563 480 474 

24 484 457 470 

30 466 454 429 

48 507 419 424 

54 507 399 380 

72 478 527 460 

78 464 384 416 

96 492 422 430 

aRed blood cells repor ted as numbe r of c ells x 4 10 /cu . mm . 
b Counts not conducted on these bleeding s . 
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or drastic changes were detected to have occurred at any t i me 

during the expe riment . 

Total white blood cells The TWBC counts are listed 

in Table 5 . The counts slowly elevated from the time of inocu-

lation to about 6 hours PI at which time they started to de -

cline . The gradual decline continued from 24 to 48 hours PI . 

At 72 hours PI, a leukopenia (less than 10 , 000 WBCs) was found 

in 2 of the pigs (524 and 550) . The TWBC counts continued to 

decrease in these pigs until 78 hours PI . A slight rise in 

TWBC counts occurred at 96 hours PI . Pig 525 maintained a 

high TWBC count throughout the experiment . 

Serum glutamic oxaloacetic transaminase The levels 

of SGOT activity are listed in Table 6. Elevated levels we r e 

noted 24 to 48 hours PI . The values doubled eve r y 24 hours 

PI until the pigs were killed at 96 hours PI . The highest 

levels of SGOT activity were present at 96 hours PI . 

Lactic dehydrogenase The levels of LDH act i vity are 

listed in Table 7. The resul ts of this serum enzyme dete r mi na -

tion were very erratic . During the course of the experiment 

the levels doubled with the greatest increases occurring 48 

to 96 hours PI . 

Differential leukocyte counts The r esults of the 

differential leukocyte counts on pig 524 are listed in Table 

8 . Lymphocyte s were the predominant cells in the postsurgical 

and pre - inoculation blood smear s . Segmented neutr ophils de -

creased in total numbers durin g recovery from surgery . 
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Table 5 . a Total white blood cell count s from b l ood of s wine 

Hours 

- 96 

- 72 

- 48 

- 24 

0 

15 

JO 

45 

1 

2 

4 

6 

24 

JO 

48 

54 

72 

78 

96 

inoculated with virulent S . choleraesui s var . 
kunzendorf . Experiment I -

PI Pig 524 Pig 525 Pig 550 

14,580 16,800 lJ , 100 

14,580 20 , 800 12 , 600 

14 , 700 19 , 100 11 , JOO 

15,000 23 , 100 12 , 600 

16 , JOO 22 , 700 15 , 200 

min . 15 , 600 20 , 600 16 , 400 

min . 12 , 700 19 , 700 1 6 , 700 

min . 17 , 600 25 , 000 18, 800 

20 , 900 24 ,100 20 , 000 

20 , 100 29 , 100 28 , 900 

18 , 600 19 , 900 24 , 000 

23 , 500 21 ,100 24 , JOO 

17 , 000 19 , 100 19 , 700 

lJ , 900 16 , 500 15 , 600 

12 , 800 17 , 000 lJ , 000 

12 , 200 18 , 100 9 , 940 

9 , 157 24 , 200 8 , 067 

8 , 978 19 , 000 7 , 443 

16 , 400 17 , 800 9 , 984 

a 
White b l ood cell count s repor ted in number o f cells / cmm. 
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Table 6. Serum glutamic oxaloacetic transaminasea l evels of 
activity in serum of swine inoculated with v irulent 
S . choleraesuis var . kunzendorf . Experiment I 

Hours PI Pig 524 Pig 525 Pig 550 

- 96 36 27 25 

- 72 21 21 23 

- 48 30 25 42 

- 24 25 20 25 
0 27 20 44 

15 min . b 

30 min . 

45 min . 

1 32 22 38 
2 32 25 34 
4 30 22 32 
6 36 25 32 

24 38 42 48 
30 34 24 48 
48 100 25 120 
54 104 25 174 
72 275 62 275 
78 395 57 315 
96 600 70 680 

aGlutamic oxaloacetic transami nase 
Frankel units . 

reported in Sigma-

bNo determinations made . 



40 

TablP 7. Lactlc dehydrogenasea levels of actlv lty ln serum 
of swlne lnoculated wlth s . choleraesu l s var . 
kunzendorf . Experlment I 

Hours PI 

- 96 

- 72 

- 48 

- 24 

0 

1 

2 

4 

6 

24 

30 

48 

54 

72 

78 

96 

15 min . 

30 min . 

45 min . 

P i g 524 

1140 

1060 

965 
1040 

925 

1005 

880 

910 

805 

990 

700 

785 

1200 

1150 

1435 
1910 

b 

Pig 525 

480 

83 5 

910 

785 

720 

835 

735 

685 

545 
1315 

735 

625 

770 
965 

925 

1325 

Pig 550 

895 

1060 

1075 

975 

1280 

1055 

990 

925 

820 

975 

965 

1140 

1250 

1710 

2000 

1825 

a Lactic dehydrogenase reported in Ber ge r - Br oida (B- B) 
unit s . 

bNo dete r minat i ons made . 
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Hours PI 

- 96 

- 72 

- 48 

- 24 

0 

15 min . 

30 min . 

45 min . 

1 

2 

4 

6 

24 

JO 
48 

54 

72 

78 

96 

a 
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a Differential leukocyte counts on blood smears 
prepared from swine inoculated with virul ent 
s . choleraesuis var . kunzendorf . Experiment I 

Pig _224 

Lymph Mono Se gs Bands Meta Myl Eos i no 

122 8 61 5 0 0 3 

130 8 54 3 1 0 4 

131 2 57 4 1 0 3 

158 4 31 2 0 0 4 

137 4 47 5 0 0 7 

143 2 45 5 0 0 5 

149 1 45 0 0 0 2 

131 4 49 8 1 0 3 

103 2 76 15 1 0 2 

62 3 98 34 2 0 0 

39 1 119 40 1 0 0 

31 3 122 40 4 0 0 

51 4 122 21 2 0 0 

55 3 102 JS 1 0 1 

59 3 87 46 5 0 0 

50 2 93 49 4 0 0 

61 7 47 68 13 4 0 

87 2 42 58 9 2 0 

64 5 54 67 7 0 3 

Baso 

1 

0 

2 

1 

0 

0 

3 

4 

1 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

Different i al leukocyte counts e xpressed in percentage of 
100 cells ; 200 cells counted , t here f o r e , number of ce l ls = 
percentage . 2 
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Forty- five minutes PI , the number of lymphocytes began t o 

decrease and neutrophils increased. By 6 hours PI t he number 

of neutroph ils outnumbered the lymphocytes . A marked degener-

ative shift to the left, or an increase in the numbers of 

immature leukocytes (Schilling 's index), was demonstrated. 

The TWBC counts increased only slightly during the first 6 

hours PI . From 24 to 78 hours PI a degenera~ive shift to the 

left was slowly progressive . At 96 hours PI , a regenerative 

shift to the left was obvious . Immature neutrophils were 

the predom inant cell types, but an increase in lymphocytes 

and segmented neutrophils was apparent . 

The differential leukocyte counts for pig 525 are given 

in Table 9 . The counts were similar to pig 524 but the shift 

to the left was not as drastic as in pig 524 . The differ-

ential leukocyte counts on pig 550 are listed in Table 10. 
The results from this pig were similar to those of the other 

2 pig s (524 and 525) . Pig 550 had a marked shift to the left 

which from 48 to 72 hours PI was a degener ative shift to the 

left but by 96 hours PI it was regenerative . Numbers of 

eosinophils and monocytes decreased following inoculation 

in all J pigs . 

The absolute differential leukocyte counts are listed 

in Tables 11 , 12 and lJ on pigs 524 , 525 and 550 respectively . 

The absolute counts did not disclose any significant differ-

ences from the relative counts . 
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Table 9 . a Differential leukocyte counts on blood sme a r s 
prepared from swine inoculated with v i r u l ent 
s . choleraesuis var . kunzendorf . Exper i me nt I 

Pig 22,:2 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 126 7 55 2 1 0 8 1 

- 72 101 4 81 J 2 0 5 4 

- 48 106 1 78 10 J 0 0 2 

- 24 78 J 101 7 8 0 1 2 

0 88 4 88 7 5 0 7 1 

15 min . 101 5 76 10 J 1 J 1 

JO min . 6J 0 124 7 2 0 J 1 

45 min . 68 2 115 11 J 1 0 0 

1 79 2 102 11 5 1 0 0 

2 60 4 116 16 2 1 0 1 

4 JO 0 144 17 7 2 0 0 

6 46 4 128 14 7 0 1 0 

24 81 6 97 10 4 0 2 0 

JO 59 6 119 12 J 0 1 0 

48 59 4 105 28 J 0 0 1 

54 54 4 89 45 6 2 0 0 

72 67 2 9J JO J 1 4 0 

78 71 J 89 JJ 1 1 2 0 

96 64 2 99 26 6 0 J 0 

a Diffe r ential leukocyte counts e xpressed in per centa ge of 
100 cells ; 200 cell s counted , therefor e , number of cells = 
percentage . 2 
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Table 10 . a Differentia l leukocyte counts on blood smears 
prepared from swine inoculated with virulent 
S . choleraesuis var . kunzendorf . Experiment I 

Pig 220 
Hours PI Lymph Mono Se gs Bands Me ta Myl Eos ino Baso 

- 96 64 10 101 14 1 0 4 6 

- 72 72 5 100 10 5 0 5 3 

- 48 92 2 91 10 3 0 1 1 

- 24 94 2 82 14 2 0 3 3 

0 55 3 123 13 2 0 4 0 

15 min . 64 1 1 22 7 1 0 4 1 

30 min . 77 5 103 1 2 1 0 2 0 

45 min . 58 0 127 14 0 0 0 1 

1 60 2 123 12 3 0 0 0 

2 41 1 135 20 2 0 1 0 

4 57 2 122 14 3 1 1 0 

6 21 0 164 13 2 0 0 0 

24 36 2 145 13 3 0 1 0 

30 36 1 145 13 1 0 4 0 

48 38 0 77 69 8 2 6 0 

54 49 7 76 53 12 1 2 0 

72 65 6 45 61 14 7 2 0 

78 75 4 16 52 38 13 2 0 

96 84 2 67 34 10 2 1 0 

a Di fferential leukocyte counts expressed in percentage of 100 ce lls; 200 cells counted , therefore, number of cells = percentage . 2 
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Table 11 . Absolute a differential leukocyte count s on blood 
smear s prepared f r om swine inocu l ated wi th v i r u l ent 
s . choleraesuis var . kunzendorf . Experiment I 

Pig ,224 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 8894 583 4447 365 0 0 219 73 
- 72 9477 583 3937 218 73 0 292 0 

-48 9629 147 4190 294 73 0 220 147 
- 24 11850 JOO 2325 150 0 0 300 75 

0 11166 326 3831 407 0 0 570 0 
15 min . 11154 156 3510 390 0 0 390 0 
30 min . 9461 63 2858 0 0 0 127 191 
45 min . 11528 352 4312 704 88 0 264 352 

1 10763 209 7942 1568 104 0 209 105 
2 6231 302 9849 3417 201 0 0 101 
4 3627 93 11062 3720 93 0 0 0 
6 3443 352 14335 4700 470 0 0 0 

24 4335 340 10370 1785 170 0 0 0 
30 3823 208 7089 2641 69 0 70 0 
48 3776 192 5568 2944 320 0 0 0 
54 3050 122 5673 2989 244 0 0 122 
72 2793 320 2152 3113 595 184 0 0 
78 3905 90 1885 2604 404 90 0 0 
96 5248 410 4428 5494 594 0 246 0 

a Absolute d i fferent i a l leukocyte counts expressed i n 
numbers pe r cub i c mm . of bl ood . 
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Table 12 . Absolute a differential leukocyte counts on blood 
smears prepared f r om swine inoculated with virulent 
s . choleraesuis var . kunzendorf . Experiment I 

Pig ,22,2 

Hours PI Lymph Mono Se gs Bands Meta Myl Eos ino Ba s o 

- 96 10584 588 4620 168 84 0 672 84 

- 72 10504 416 8424 312 208 0 520 416 

-48 10123 95 7449 955 287 0 0 191 
- 24 9009 346 11667 808 924 0 115 231 

0 9988 454 9988 794 568 0 794 114 

15 min . 10403 515 7828 1030 309 103 309 103 

30 min . 6205 0 12214 690 197 0 295 99 
45 min . 8500 250 14375 1375 375 125 0 0 

1 9520 241 12291 1325 603 120 0 0 
2 8730 582 16878 2328 291 146 0 145 
4 2985 0 14328 1692 696 199 0 0 
6 4853 422 13504 1477 739 0 105 0 

24 7736 573 9263 955 382 0 191 0 
30 4868 495 981 7 990 248 0 82 0 
48 5015 340 8925 2380 255 0 0 85 
54 4887 362 8055 4072 543 181 0 0 
72 8107 242 11253 3630 363 121 484 0 
78 6745 285 8455 3135 95 95 190 0 
96 5696 178 8811 2314 534 0 0 0 

a Absolute d ifferentia l leukocyte counts expressed in 
numbers pe r cubic mm . of blood . 
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a 
Table lJ . Absolute differential leukocyte counts on bl ood 

smears prepared from swine inoculated with v i r ulent 
s . choleraesuis var . kunzendorf . Expe riment I 

Pig 220 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 4192 655 6616 917 65 0 262 J9J 

- 72 4536 Jl5 6JOO 6JO Jl5 0 Jl5 189 

- 48 5198 llJ 5142 565 164 0 57 56 

- 24 5922 126 5166 882 126 0 189 189 

0 4180 228 9J48 988 152 0 J04 0 

15 min . 5248 82 10004 574 82 0 J28 82 

JO min . 64JO 417 8601 1002 8J 0 167 0 

45 min . 5452 0 119J8 1Jl6 0 0 0 94 

1 6000 200 12JOO 1200 JOO 0 0 0 

2 5925 144 19508 2890 289 0 144 0 

4 6840 240 14640 1680 J60 120 1 20 0 

6 2552 0 19926 1579 24J 0 0 0 

24 J546 197 1428J 1280 296 0 98 0 

JO 2808 78 llJlO 1014 78 0 J l 2 0 

48 2470 0 5005 4485 520 l JO J 90 0 

54 24J5 J48 J777 26J4 596 50 100 0 

72 2622 242 1815 2460 565 282 81 0 

78 2791 149 595 19J5 1414 484 75 0 

96 4193 100 JJ15 1697 499 100 50 0 

a Absolute diff erential leukocyte counts expr e s sed in 
numbers per cubic mm. of blood . 



Necrop s y findings 

Gross lesions 

48 

Dehydr ation and loss of condit i on were 

quite apparent at the time of necropsy . There were no dis -

colorations o r other changes present in the skin . The natural 

body openings were n o rmal as were the conjunctiva and mucous 

membranes . There were no abnormal swellings on the body and 

the joints were normal . Suture wounds at the site of the 

exte rna l catheter valve were not visibly inflamed . 

Petechial hemorrhages were present in the visceral peri -

toneum and visceral pleura . The lymph nodes throughout the 

body were edematous and enlarged approximately 2 times . The r e 

was marked bilateral perirenal edema . Petechial hemorrhages 

were present in the renal cortex (Figure 6) . Numerous renal 

infarc ts that extended from the pelvis to the capsule were 

present (Figure 7) . The livers were mottled and numerous 

small petechial hemorrhages we r e present (Figure 8) . The 

gall b ladders had submucosal petechial hemorrhages and the 

walls were c onsistently edematous (Figure 9) . The stomach 

o f p i g 524 had a focal area of submucosal gelatinous edema 

along the greater curvature that measured approximately 6 cm . 

in d iameter and 1 cm . thick . 

Microscopic lesions The lesions observed on h i sto-

pathologic examinati on were similar in all 3 pigs . The res -

piratory system was free of lesions except in the lungs where 

there were congestion and scattered interstitial accumulations 

of lymphocytes and plasma cells in the alveolar walls 



Figure 6 . Experiment I , 4 days PI . Multiple petechial 
hemorrhages are present in the renal cortex 

Figure 7 . Experiment I , 4 days PI . Renal infarcts at 
various stages of development are present in 
the cortex 
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Figure 8 . Experiment I , 4 days PI. Multiple lobular 
hemorrhages and large pale foci are pr esent 
on the surface of the liver 

Figure 9 . Experiment I , 4 days PI . Mar ked edema i s 
present in the wall of the gal l bladder 
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(Figure 10) . Many small alveolar capillaries were plugged 

with neutroph ils and lymphocytes (F i gure 11 ) . The capillary 

endothelial cells were swollen and reduced the diameter of 

the lumen nearly to the point of occlus i on (Figur e 1 2) . 

Erythrocytes we r e found in the l um ina of the alveoli and 

small bronchi with no apparent break in t h e capillary walls . 

There was lympho id hyperplasia in a reas surrounding the 

bronchi and larger bronchioles . The lung changes were not 

extensive . 

Hepatic lesions were pronounced with multiple , small, 

f ocal areas of coagulative necrosis scattered throughout the 

liver tissue ( Figure lJ ) . These necrotic areas did not foll ow 

a d efinite pattern of distribution within the lobule (Figure 

14 ) . Some o f these necr o t i c foci were near the central ve i n , 

others near the periphery o f the lobule , but most were located 

in the midlobular re g i on . The l esions appeared to arise be -

tween the liver cord cells in the sinusoids . The r e were 

nume r ous neutrophils in the sinusoids but they did not appear 

to be part of an inflammat o ry response from t he lesi ons 

( Figure 15) . The necrotic foci contained lymphocytes and 

macrophages but few neutrophils (Figure 1 6) . Marked hype r -

plasia of the Kupffer cells was present throughout the liver . 

There was mild congestion of the liver . The cord cells were 

shrunken a nd the sinusoids were slightly dilated . The mucosa 

o f the gall bladder was normal , but the vessels in the s ub -

mucosa were congested . The s ubmucosa and muscularis were 



Figure 10 . Experiment I , 4 days PI . Lung . Foc i of 
alveolar hemorrhage surround vessel (a) and 
e r ythrocytes (arrows) . H&E stain; 250 X 





Figure 11 . Experiment I , 4 days PI . Lung . Pulmonar y 
capillary is occluded with neutrophils . 
H&E sta i n ; 250 X 

Figure 12 . Experiment I , 4 days PI . Lung . The cap illary 
is occluded by swollen endothel ial cells and 
mononuclear leukocytes . H&E stain ; 430 X 





Figure lJ . Experiment I , 4 days PI . Liver . I ndividual 
hepatic l obules c ontain multiple foci of 
coagulation necros is . H&E stain ; 80 X 

Figure 14 . Ex periment I , 4 days PI . Liver . Randomly 
distributed f oci o f necrosis are present 
within one hepatic lobule . H&E stain ; 200 X 





Figure 15 . Experiment I , 4 days PI . Liver. Early stage 
in the formation of the focal areas of necrosis 
(arrows) . A proteinaceous eosinophilic stain-
ing fluid (a) is present near the central vein 
and in dilated sinusoids . Foci of neutr oph ils 
trapped in sinusoids (b) appear to precede 
focal necrosis (arrows) . H&E stain ; 200 X 

Figure 16 . Experiment I , 4 days PI . Liver . Focus of 
hepatic necrosis with central hemorrhage 
(arrow) . Neutrophils surround the necrotic 
focus (a) and fill the adjacent hepat ic vein 
(b) . H&E stain ; 200 X 
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thickened due to the presence of edema (Figure 17) . 

The spleen was congested and a diffuse reticuloendothe -

lial cellular hyperplasia was prominent . No abscesses were 

present . 

The renal infarcts seen grossly were clearly delineated 

microscopically by a zone of inflaomation at the edge of the 

infarcted areas (Figure 18) . Both red and white infarcts 

were present . The red infarcts contained many erythr ocy tes 

and there was coagulation necrosis of the tubules and glomer-

uli . The white infarcts were characterized by the lack of 

erythrocytes . Fibrous connective tissue had replaced the 

parenchymatous elements . Pathologic changes in the kidneys 

were minimal except in the infarcted areas . Some glomerular 

capillary tufts were congested and appeared to be hype r -

cellular . In some glomeruli , Bowman ' s space appeared t o 

be distended . One kidney , from pig 525 , had numerous hyaline 

casts in the lumina of the distal tubules and in the collect-

ing duct s . These casts were assoc i ated with the infa rcted 

areas . No abscesses were present in any of the kidneys . 

The lymph nodes were edematous , congested and some con-

tained a few microabscesses (Figure 19) . The mic r oabscesses 

were cha r acterized by a central zone of necrosis with much 

nuclear debris surrounded by an accumulation of neutrophils 

(Figure 20) . The absces ses were not composed entirely of 

neutrophils , but contained other cells such as lymphocytes , 

plasma cells and mononuc l ear macrophages . These lesions 



Figure 17 . Experiment I , 4 days ~ I . Gall 
wide zone of edema (a~rows) is 
the muscularis and submucosa . 
80 x 

bladder . A 
present in 
H&E sta i n ; 

Figure 18 . Experiment I , 4 days PI . Ki dney . The edge 
of a r enal inf a r ct (a) i s separated f r om 
normal parenc hyma (b) by a zone of infl amma -
t i on (c) . H&E s t a i n ; 80 X 
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Figure 19 . Experiment I , 4 days PI . Lymph node . 
Multiple micr oabscesses (arrows) with 
necrotic centers . H&E stain ; 80 X 

Figure 20 . Experiment I , 4 days PI . Lymph node . The 
ne c r ot ic focus contains nuclear debris and 
many neutrophils . H&E sta in; 200 X 
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developed in t he stroma at the periphery of the germinal 

centers near the peritrabecular lymph spaces and in the cell 

poor area at the periphe ry of the nodes . The in ternal iliac 

lymph nodes , that received lymph from the leg that was cathe -

t erized , contained many e r ythrocytes and neutrophils in the 

subcapsular and peritrabecular sinuses . These lymph nodes 

were similarly involved in all 3 pigs . 

No lesions were observed in the central nervous system. 

Cultural and FA results 

All tests were negative for hog cholera viral antigen. 

The results of the FA tests were pos itive f or salmonellae on 

all spec imens examined (Figure 21). S. choleraesuis var. 

kunzendorf was re - isolated from all the parenchymatous tissues 

in pure culture from all 3 pigs . 

Experiment II 

Clinical observations 

Pigs exposed to a killed salmonellae cell suspension 

were not affected until approximately 1 hour PI when they 

began to look uncomfortable and 1 pig vomited. All J pigs 

were prostrate in 1 to 2 hours PI and did not resist when 

tempe ratures and blood specimens were taken . At 24 hours PI , 

the pigs were recumbent . They were not eating or drinking. 

No v omitus or feces were noted in the pens . The pigs still 
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Figure 21 . Experiment I . Numerous bacill i isolated 
from parenchymatous organs are stained 
specifically with the fluorescein conjugated 
anti - salmonella antibody . 750 X 
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did not get up when the temperatures were taken or when the 

blood was collected . They would stand if prodded but would 

lie down immediately when left alone . They were rotated every 

few hours to prevent the development of pneumonia . By 48 

hours PI , the pigs appeared to be markedly improved . Although 

the pigs were lying down when the caretaKers entered the r oom 

they did stand and walk short distances . When fresh feed 

was offered they ate while the temperatures were taken and 

the blood collected . They remained recumbent for the rest 

of the day and were even more improved by 54 hours PI . Feces 

o f normal consistency were present in 2 of the pens , but pig 

564 passed feces that were firm and mucus c overed . By 72 

hour s PI , all 3 pigs were eating . At 96 hours PI, when the 

experiment was concluded, the pigs appeared normal and had 

eaten all the feed left from the previous afternoon feeding . 

Normal feces were present in all J pens . 

The body temperatur es of the pigs are recorded in Table 

14 . The temperatures were elevated 4 to 5 F . by 1 hour PI 

and slowly increased another degree by 2 hours PI . At 4 hours 

PI , the temperatures began to decrease in 2 pigs (564 and 566) 

while in the third pig (565) the temperature continued to rise 

and peaked at 6 hours PI . At 24 hours PI , the temperatures 

of all 3 pigs were back within normal ranges . With minor 

fluctuations , the temperatures remained normal for the dura -

tion of the experiment which was concluded at 96 hours PI . 
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Table 14 . a Body temperatures of swine inoculated with killed , 
washed suspension of ~ · choleraesuis var . kunzen -
dorf . Experiment II 

Hours PI Pig 564 Pig 565 Pig 566 

- 96 102 . 6 102 . 6 102 . 0 

- 72 lOJ . 2 lOJ . O lOJ . 4 

- 48 102 . 7 102 . 2 1 01 . 1 

- 24 101 . 6 101 . 4 101.4 

0 100 . 8 101.4 100 . 8 

15 min . b 

JO min . 

45 min . 

1 105 . 6 105 . 0 105 . 4 

2 106 . 6 105 . 4 105 . 2 

4 104 . 2 105 . 8 105 . 4 

6 104 . 2 106 . 0 lOJ . 4 

24 102 . 4 102 . 8 102 . 6 

JO 101. 8 102 . 4 102 . 6 

48 lOJ . O 102 . 4 102 . 2 

54 lOJ . O 102 . 2 102 . 2 

72 102 . 4 102 . 6 102 . 0 

78 lOJ . O 102 . 8 102 . 0 

96 102 . 0 101 . 8 101. 8 

a 
Temperatures recorded in degr ees Fahrenhei t . 

b No tempe ratu r es taken . 
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Hematology 

Erythrocyte sedimentation rate The ESR r esult s o f 

the pigs in this experiment are listed in Tab le 15 . The rates 

were somewhat elevated at the time of inoculation . The ESRs 

decreased during the first hour PI and the lowest values re -

corded were at approximately 1 hour PI . A slight ri s e was 

noted at 2 hours PI, but the ESRs were definitely r is ing in 

all J pigs by 4 hours PI . A sharp rise was present f r om 4 

to 6 hours PI . At 24 hours PI the highest ESRs were recor ded . 

These ESR values were 5 times those r ecorded at the time of 

inoculation in 2 of the pigs (564 and 566) . By JO h ou rs PI , 

a sharp drop in the ESRs was evident . The ESRs e rra tically 

decreased from 48 to 96 hours PI . At 78 hours PI the ESRs 

were near the pre - inoculation values . 

Packed cell volume The changes in t he PCV of blood 

from pigs in this experiment are listed in Table 16 . The 

PCVs were somewhat elevated in the pre - inoculat ion hematolog i c 

studies and the greatest values for PCVs were at th i s time . 

Following inoculation a slight decrease occurred in a ll J 

pigs with i n 1 hour PI . The PCVs decr eased from 2 hours 

through 72 hours PI . The lowest values we r e approx ima te l y 

20 percent less than those at the time of inoculat i on . At 

96 hours PI a slight i n crease in PCV was recorded in 1 pig 

(565) and a slight decrease in the other p i gs (564 and 566) . 
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Table 15 . 
a Erythrocyte sedimentation rates of blood from 

swine inoculated with killed , washed suspens i on 
of s . choleraesuis var . kunzendorf . Ex periment I I 

Hours PI Pig 564 Pig 565 Pig 566 

- 96 7 . 0 14 . o 7 . 0 

- 72 9 . 0 27 . 0 7 . 0 

- 48 10 . 0 29 . 5 8 . 0 

- 24 8 . 5 J2 . 0 9 . 0 

0 6 . o 28 . 0 9 . 0 

15 min . 8 . 0 20 . 0 7 . 0 

JO min . 6 . o 17 . 0 12 . 0 

45 min . 5 . 0 lJ . O 7 . 5 

1 6 . o 10 . 0 5 . 5 

2 6 . o lJ . O 9 .. 5 

4 9 . 0 2J . O 19 . 0 

6 26 . 0 44 . o 20 . 0 

24 JO . O 6J . O 49 . 0 

JO 17 . 0 J2 . 5 J5 . 0 

48 19 . 5 47 . 5 24 . 5 

54 15 . 5 JO . O 17 . 5 

72 17 . 5 J l. 5 2J . O 

78 8 . 0 24 . o 11 . 0 

96 11 . 5 27 . 0 1 5 . 0 

a Erythrocyte sedimentation rate results in mm . /hr . 
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Table 16 . Packed cell volumes a of bloorl from ~; win e inocu l nted 
with a killed, washed suspenn1on () f C' 

<) . chole r ae s u i s 
va r . kunzendorf . Experiment II 

Hours PI Pig 564 Pig 565 Pig 566 

- 96 32 . 0 28 . 5 29 . 5 

- 72 40 . 0 32 . 0 35 . 0 

- 48 36 . 0 30 . 0 31 . 5 
- 24 32 . 5 31. 0 35 . 0 

0 35 . 0 30 . 0 31 . 5 

15 min . 33 . 0 30 . 0 Jl . O 

JO min . 31 . 0 29 . 0 J l. O 

45 min . 32 . 0 29 . 5 30 . 5 
1 29 . 0 31.0 J l . O 

2 31 . 5 28 . 5 29 . 0 
4 31 . 0 28 . 5 29 . 0 
6 28 . 5 28 . 5 31. 0 

24 27 . 0 26 . 0 26 . 0 
JO 28 . 0 24 . 5 25 . 5 
48 28 . 0 24 . 5 26 . 0 
54 28 . 0 26 . 0 26 . 5 
72 27 . 5 26 . 5 25 . 5 
78 30 . 5 26 . 5 28 . 0 
96 30 . 0 28 . 0 27 . 5 

a 
Packed cell vo l ume reported as percentag e . 
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Total red blood cell count The TRBC counts on blood 

from these pigs are listed in Table l? . The counts close l y 

paralleled the PCV values as the greatest numbers we r e re -

corded in the pre - inoculation studies . There d id not appea r 

to be any important changes immediately afte r inocula t ion . 

The lowest counts were at 24 to 48 hours PI and no s udden 

or drastic changes were detected at any spec i fic t i me during 

the course of the experiment , which was concluded a t 96 hours 

PI . 

Total white blood cell count The TWBC coun ts a r e 

listed in Table 18 for the pigs in this e xperiment . The TWBC 

numbers were within normal range when the pigs were i nocu -

lated . During the first 6 hours PI there were increased 

numbers o f WBCs in pigs 565 and 566 , but no significant change 

in the TWBCs of pig 564 . The TWBCs doubled in numbers in 

pig 565 from pre - inoculation to 6 hours PI. An err atic in-

crease of about 25 percent was reco r ded in the same period 

of time in pig 566 . At 24 hours PI , the TWBCs had decreased 

in all 3 pigs to near pre - inoculation values . From 48 to 96 

hours PI , the TWBC numbe r s seemed to stabilize with i n normal 

range in 2 of the pigs (564 and 566) . The lowest TWBC count 

in pig 565 occurred at 48 hours PI , and was approach i ng values 

of a leukopenia . A leukopenia is generally considered a TWBC 

count of less than 10 , 000 WBCs per/ml . of blood . From 48 to 

96 hours PI the TWBCs remained low and did not retur n to pre -

inocula tion levels by the time the experiment was concluded 
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Table 17 . Total red blood cell countsa f r om blood o f s wine 
inoculated with killed , washed suspension of 
s . choleraesuis va r . kunzendorf . Experiment II 

Hours PI Pig 564 Pig 565 Pig 566 

- 96 603 492 515 

- 72 607 537 589 

-48 678 547 587 

- 24 634 582 660 

0 628 540 563 

15 min . b 

JO min . 

45 min . 

1 524 534 559 

2 542 487 514 

4 566 509 513 

6 527 514 565 
24 482 448 448 

30 521 433 448 

48 501 432 450 

54 516 471 496 

72 482 432 450 

78 558 460 496 

96 523 475 471 

a Red blood cells repor ted as number of cells X 4 10 /cu . mm . 
b TRBC counts n o t conducted on these bleedings . 
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Table 18 . Total white blood cell countsa from blood of swine 
inoculated with killed , washed suspension of 
S . choleraesuis var . kunzendorf . Exper iment II 

Hours PI Pig 564 P i g 565 Pig 566 

- 9 6 1 6 , 100 14 , 800 1 6 , 800 

- 72 24 , 800 17 , 700 22 , 500 

- 48 16 , 100 14 , 000 1 9 , 400 

- 24 17 , 600 lJ , 400 15 , JOO 

0 22 , 700 14 , JOO 16 , 900 

15 min . 21 , 200 18 , 800 17 , 800 

JO min . 19 , 500 15 , 500 1 6 , 700 

4 5 min . 19 , 100 20 , 000 17 , 600 

1 18 , 000 21 , JOO 18 , 400 

2 18 , 100 27 , 600 21 , 100 

4 19 , JOO 29 , 300 17 , 500 

6 20 , 200 Jl , 900 22 , 600 

24 17 , 000 21 , JOO 15 , 800 

J O 1 6 , 900 16 , 700 17 , 000 

4 8 15 , 700 10 , 900 16 , 800 

54 17 , 100 12 , JOO 16 , 1 00 

72 14 , 600 12 , 600 14 , JOO 

78 17 , JOO lJ , JOO 16 , ooo 

96 15 , 600 11 , 900 14 , 700 

aWhite blood cell counts reported in number of cells/cmm . 



78 

at 96 hours PI . 

Serum glutamic oxaloacetic transaminase The level s 

of SGOT activity are listed in Table 19 fo r the 3 pigs in 

this e xper iment . The highest levels were recorded in the 

pre-inoculation dete rminations in 2 of the pigs (564 and 565) . 

The ~ighes t levels of SGOT activity occurr ed between 2 and 

6 hours PI in a l l J p i gs . At 24 hours P I , a s ignif i cant d e -

crease was reco r ded in SGOT activity . From 48 thr ough 96 

hour~ PI , the SGOT levels became qu ite e r r atic with no appar-

ent trends . 

Lactic dehydr ogenase Serum LDH levels are listed 

in Tabl e 20 f o r the pigs in this e xperiment . The highest 

levels were recorded in the p r e - inoculation hematolog i c 

studies in 2 of the pigs (564 a nd 565) . The se values did 

not chan ge appreciably following inoculation . P i g 566 did 

not reveal any s i gnificant changes i n LDH f rom time of inocu-

la tion unt il 72 hours PI , when the LDH leve ls o f act i vity 

started to elevate slightly . At 96 hours PI the highest 

value s occurred and were higher than pre - inoculation values . 

The o ther 2 pigs (564 and 565) r emained nearly the same 

thro t1~hout the e x periment and no def inite trends could be 

estahlished . 

Diff e rential leukocyte count The differential leuko-

cyte counts on p i g 564 are listed in Table 21 . Lymphocytes 

were the p redominant cell type in the p re - inoculation studies . 

With~n 1 hour PI , segmented neutrophils were beginning t o 
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Table 19. Serum glutamic oxaloacetic transaminasea levels 
of activity from swine inoculated with killed , 
washed suspension of S . choleraesuis var . 
kunzendorf . Experiment II 

Hours PI Pig 564 Pig 565 Pig 566 

-06 28 30 27 
/ 

- 72 75 41 41 

- 48 51 30 36 

- 24 32 28 27 

0 32 22 38 

15 min . b 

30 min . 

45 min . 

1 27 22 34 

2 J4 23 43 

4 32 25 52 

6 27 25 45 

24 25 20 28 

30 23 18 20 

48 20 25 19 

54 J6 19 30 

72 30 19 34 

78 27 20 J2 

96 22 27 2J 

a Glutamic oxaloacetic transaminase reported in Sigma -
Frankel units . 

bNo determinations made . 
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Table 20 . Lactic dehydr ogenasea l evels of activity i n s erum 
of swine inoculated with killed , washed suspension 
of S . choleraesuis var . kunzendorf . Ex perimen t I I 

Hours PI Pig 564 Pig 565 Pig 566 

- 96 665 895 850 

- 72 1085 1100 935 
- 48 1140 1005 8J5 
- 24 1J75 935 895 

0 950 850 1005 

15 min . b 

JO mi n . 

45 min . 

1 1005 895 950 
2 965 805 1005 
4 935 755 975 
6 820 785 990 

24 910 770 920 
JO 975 805 990 
48 865 785 820 
54 910 740 865 
72 895 805 935 
78 990 665 1015 
96 965 945 1140 

a 
Lactic dehydrogenas e r e po rted in Ber ge r - Bro ida (B- B) 

uni ts . 
b No d ete r mi nat i ons made . 
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Table 21 . Diffe rential leukocyte coun tsa on blood smear s f r om 
sw ine i noculated with k illed , washed suspension of 
s . chole r aesu i s var . kun zendorf . Experiment II 

Pig ,264 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 108 4 80 4 0 0 2 2 

- 72 100 8 90 2 0 0 0 0 

- 48 104 6 88 0 0 0 2 0 

- 24 105 4 84 4 0 0 J 0 

0 112 2 BJ 1 0 0 0 2 

15 min . 110 2 84 0 0 0 2 2 

JO min . 116 6 77 1 0 0 0 0 

45 min . 108 6 82 2 0 0 1 1 

1 106 J 79 6 0 0 J J 

2 81 2 95 18 0 0 0 4 

4 48 4 124 22 1 0 1 0 

6 46 4 128 20 0 0 1 1 

24 102 4 82 4 0 0 2 6 

JO 114 5 72 4 0 0 J 2 

48 llJ 2 75 5 0 0 4 1 

54 11 2 8 76 0 0 0 J 1 

72 102 J 84 2 0 0 6 J 

78 112 2 78 0 0 0 6 2 

96 lJO 4 60 0 0 0 2 4 

a Differential leukocyte counts expressed in percent age of 
100 cells ; 200 cells counted , therefore , numbe r of cells = 
percentage . 2 
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increase and the lymphocytes were decreasin~ . Immature f orms 

of the neutrophils were also i ncreasing in numbers , lndtcat ing 

a shift to the le f t (Schilling ' s index) . The segmented and 

immature forms of neutrophils continued to rise thr oughout 

the first 6 hours PI while the lymphocytes decreased . The 

numbers of monocytes , eosinophils and basophils did not change 

appreciabl y , but a slight increase in eosinophils wa s pr e sent 

at 72 to 96 hour s PI . After 24 hours PI , the lymphocytes 

increased and the segmented and immatur e forms of neutrophi l s 

decreased until pre - inoculation values had returned by 48 

hours PI . 

The diffe r ent i al l eukocyte counts on pig 565 a re l i s t ed 

in Table 22 . The numbe r of lymphocyt es began to decrease 

as early as 30 minutes PI and the neutrophil became t he p re -

dominant cell type . Immatur e forms of neutrophils began to 

appear by 1 hour PI and steadily increased in numbers thr ough 

6 hours PI . At 24 hours PI , the segmented and immatu r e neu -

trophils still predominated as the most numerous cell types 

but by 30 hours PI the lymphocytes again outnumbe r ed the 

neutrophils . Fr om 30 to 96 hours PI , a return to p re - i nocul a -

tion normals occurred . 

The d iffe rentia l leukocyte count s on p i g 566 a r e li s ted 

in Table 23 . The counts on th is pig are ve ry similar to p i gs 

564 and 565 . Neutrophils b egan t o increas e and lymphocytes 

to decrease af ter 1 hour PI . A defin i te shift to the lef t 

occurred t h r ough 6 hours PI . At 24 hours PI , the diffe rential 
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Table 22 . Differential leukocyte countsa on blood smears from 
swine inoculated with killed , washed suspension of 
s . choleraesuis VRr . kunzendorf . Expe riment II 

Pig 262 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 80 J 110 2 0 0 J 2 

- 72 75 6 109 0 0 0 10 0 

- 48 12J 2 7J 2 0 0 0 0 

- 24 121 1 72 2 0 0 4 0 

0 106 2 86 1 0 0 J 2 

15 min . 118 2 75 0 0 0 2 J 

JO min . 87 0 111 2 0 0 0 0 

45 min . 94 2 98 0 0 0 6 0 

1 65 J 12J 4 0 0 4 1 

2 52 2 1J4 12 0 0 0 0 

4 J2 5 1J6 26 0 0 1 0 

6 4J 1 124 JO 2 0 0 0 

24 76 4 105 10 0 0 5 0 

JO 100 2 82 7 0 0 7 2 

48 108 J 84 J 0 0 1 1 

54 102 2 90 0 0 0 6 0 

72 101 4 90 2 0 0 1 2 

78 95 4 96 J 0 0 2 0 

96 122 J 68 1 0 0 4 2 

a Differential leukocyte counts expressed in percentage of 
100 cells ; 200 cells counted , therefore , number o f cells = 
percentage . 2 
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Table 2J . Differential leukocyte countsa on blood smears from 
sw ine inoculated with killed , washed suspension of 
s . choleraesuis var . kunzendorf . Experiment II 

Pig 2_6 6 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Baso 

- 96 112 2 82 1 0 0 J 0 

- 72 127 1 69 0 0 0 2 1 

- 48 120 4 74 0 0 0 0 2 

- 24 lJJ J 60 1 0 0 J 0 

0 137 0 58 0 0 0 3 2 

15 min . 124 3 70 1 0 0 2 0 

JO min . 110 4 84 0 0 0 2 0 

45 min . 126 1 72 0 0 0 1 0 

1 132 5 61 2 0 0 0 0 

2 69 2 109 18 0 0 0 2 

4 56 0 134 9 1 0 0 0 

6 51 2 129 18 0 0 0 0 

24 106 4 78 5 J 0 4 0 

30 141 3 48 4 1 0 3 0 

48 132 0 59 0 0 0 7 2 

54 131 1 62 2 0 0 3 1 

72 114 2 83 1 0 0 0 0 

78 112 3 82 0 0 0 2 1 

96 1 20 1 76 0 0 0 2 1 

aDifferential leukocyte counts expressed in percentage of 
100 cells ; 200 cells counted , therefore , number of cells = 
percentage . 2 
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leukocyte counts were back to the pre-inoculation values . 

The absolute differential leukocyte count s are listed 

in Tables 24 , 25 and 26 for pigs 564 , 565 and 566 respective -

ly. The absolu te counts d id not d isclose any s i gnificant 

differences from the relative counts . 

Necropsy findings 

Gross lesions The necropsy findings in al l J pigs 

in this experiment were essentially the same . No gross ex -

ternal lesions were observed and the surgical wounds associ -

ated with catheterization of the femoral artery were healed . 

Lesions we re not visible in the viscera with the e x ception 

of multiple bilateral renal infarcts in all J p igs . 

Microscopic lesions The alveolar walls of the lungs 

were moderately thickened due to infiltrations of macrophages 

along with lymphocytes and plasma cells . The plugged capil-

laries were present as in Experiment I. There was an obvious 

hyperplasia of the Kupffer cells of the liver (Figure 22) . 

The hepatocytes were foamy in appearance and not shrunken 

as in Experiment I (Figure 2J) . The spleen exhibited mild , 

diffuse reticuloendothelial hyperplasia . The renal infarcts 

were the same as described in Experiment I . In the lymph 

nodes there were slight edema and a depletion of the small 

lymphocytes at the periphery of the germinal centers (Figure 

24) . No other microscopi c l e sions were observed . 
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Table 24 . Absolute a differential leukocyte counts on blood 
smears prepared from swine inoculated wi th killed , 
washed suspension of s . choleraesuis var . kunzen-
dorf . Experiment II 

Pig 564 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 8694 J22 6440 322 0 0 161 161 

- 72 12400 992 11160 248 0 0 0 0 

- 48 8372 483 7084 0 0 0 161 0 

- 24 9240 352 7392 352 0 0 264 0 

0 12712 227 9421 113 0 0 0 227 

15 min . 11660 212 8904 0 0 0 212 212 

30 min . 11310 585 7508 97 0 0 0 0 

45 min . 10314 573 7831 191 0 0 96 95 

1 9540 270 7110 540 0 0 270 270 

2 7331 181 8597 1629 0 0 0 362 

4 4632 386 11966 2123 96 0 97 0 

6 4646 404 12928 2020 0 0 101 101 

24 8670 340 6970 340 0 0 170 510 

30 9633 423 6084 338 0 0 253 169 

48 8871 157 5887 393 0 0 314 78 

54 9576 684 6498 0 0 0 257 85 

72 7446 219 6132 146 0 0 438 219 

78 9688 173 6747 0 0 0 519 173 

96 10140 3 12 4680 0 0 0 156 312 

a Absolute differential leukocyte c ounts expressed in 
numbers per cubic mm . of blood . 
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Table 25 . Absolute a differential leukocyte counts on b lood 
smears prepared from swine inoculated wi th ki lled , 
washed suspens ion of s . choleraesuis var . kunzen -
dorf . Experiment II 

Pig ,26,2 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 5920 222 8140 148 0 0 222 148 

- 72 6638 531 9646 0 0 0 885 0 

-48 8610 140 5110 140 0 0 0 0 
- 24 8107 67 4824 1J4 0 0 268 0 

0 7579 143 6149 72 0 0 214 143 

15 min . 11092 188 7050 0 0 0 188 282 

JO min . 6743 0 8602 155 0 0 0 0 

45 min . 9400 200 9800 0 0 0 600 0 
1 6923 319 13100 426 0 0 426 106 
2 7176 276 18492 1656 0 0 0 0 
4 4688 733 19924 3809 0 0 146 0 
6 6859 159 19778 4785 319 0 0 0 

24 8094 426 11183 1065 0 0 532 0 
JO 8350 167 6847 585 0 0 584 167 
48 5886 164 4578 163 0 0 54 55 
54 6273 123 5535 0 0 0 J69 0 
72 6363 252 5670 126 0 0 63 126 
78 6318 266 6J84 199 0 0 133 0 
96 7259 179 4046 59 0 0 238 119 

a Absolute differential leukocyte c ounts e xpressed in 
numbers pe r cubic mm . of blood . 
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Table 26 . Absolute a different i al leukocyte coun t s on blood 
smear s prepared from swine inoculated wi th k illed , 
washed suspension of S . choleraesuis var . kunzen -
dorf . Experiment II 

Pig 266 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 9408 168 6888 84 0 0 252 0 

- 72 14288 llJ 7762 0 0 0 225 112 

- 48 11640 JBS 7178 0 0 0 0 194 

- 24 10175 229 4590 77 0 0 229 0 

0 11577 0 4901 0 0 0 25J 169 

15 min . llOJ6 267 62JO 89 0 0 178 0 

JO min . 9185 JJ4 7014 0 0 0 167 0 

45 min . 11088 88 6JJ6 0 0 0 88 0 

1 12144 460 5612 184 0 0 0 0 

2 7280 211 11499 1899 0 0 0 211 

4 4900 0 11725 788 87 0 0 0 

6 576J 226 14577 20J4 0 0 0 0 

24 8J74 Jl6 6162 J95 2J7 0 Jl6 0 

JO 11985 255 4080 J40 85 0 255 0 

48 11088 0 4956 0 0 0 588 168 

54 1 0546 80 4991 161 0 0 242 80 

72 8 151 14J 59J5 71 0 0 0 0 

78 8960 240 6560 0 0 0 160 80 

96 8820 7J 5586 0 0 0 147 74 

a Abs olute differential leukocyte counts expressed in 
numbers per cubic mm . of blood . 



Figure 22 . Experiment II , 96 hours PI . Liver . Hyper-
plasia of the Kupffer cells i s present 
throughout the l iver t i ssue . H&E s tain; 
200 x 

Figure 2J . Ex perimen t II , 96 hours PI . Live r . The 
hepatocytes appear to be foamy and d is t inc t 
cords or s i nuso i ds not eas ily seen . 
H&E stain ; 200 X 
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Figure 24 . Experiment II, 96 hours PI . Lymph node . 
Slight edema and cellular depl etion of small 
lymphocytes are evident . H&E stain ; 120 X 
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Cultural and FA results 

All fluorescent antibody tests for HC viral antigen 

and salmonellae were negative . All attempts to culture 

salmonellae from t he tissues were also negat ive . 

Experiment III 

Clin ical observations 

About 5 minutes after inoculation with endotoxin , pig 

706 went into shock . It started shaking and lay down . 

Respiration was rapid and labored, and the skin b ecame cya -

notic . The pig vomited and had a bowel movement . The pig 

appeared to be in danger of dying , but after 15 to 20 minutes 

PI it began to recover . Respiration became eas ier and cya-

n os i s o f the skin disappeared . The vomiting continued , 

however, and the feces became fluid. A pronounced diarrhea 

foll owed . 

The other 2 pigs (705 and 707) did not go through the 

shock stage but after 10 minutes PI , vomiting and large bowel 

movements occurred . Each pig vomited about 5 times in the 

next 15 minutes . The pigs exhibited slight incoordination 

and ppsterior weakness (Figure 25) . The feces were at first 

firm in consistency but a definite diarrhea was present in 

all J pigs by 1 hour PI . For the remainder of the first hour 

PI , the pigs were restless and would lie down , then get up , 

walk around and lie down again . After the first hour PI , 



Figure 25 . Experiment III, JO minutes PI . As a result 
of posterior weakness a nd incoordination the 
pig is unable to stand 

Figure 26 . Experiment III , 2 hours PI . Posterior 
weakness persists . Salivation is p r e sent 
f o llowing repeated vomit ing and defecation 





the pigs were prostrate and would not stand t o vomit o r 

defecate . They did n ot resist when temperatures and b l ood 

samples were taken . 

Vomiting and d iarrhea cont inued 2 hours PI with frequent 

r egularity . Between 1 a nd 2 hours PI, attempts to vomit were 

eventually no longer productive and retching was severe 

(Figure 26) . Profuse salivation was obvious by 2 hours PI 

(Figure 27) . The salivat i on was so copious it became frothy 

and would drip from the mouth (Figure 28) . Vomiting and 

diarrhea began to subside 4 hours PI , and the salivation 

lasted approximately another 2 hours . 

Six hours PI , the pigs were recumbent and almost coma -

t ose , but would respond if prodded . The salivation had 

diminished and vomiting and diarrhea had ceased . When the 

thermometer was removed from the rectum streaks of fres h 

blood in the fecal material adhered to it . 

Eight hours PI , the pigs had not moved and were nearly 

comatose . Fresh blood oozed from the anal orifice . ·rhe 

exte rnal surgical wounds from the catheter surgery bled 

slightly in all 3 pigs . Due to the seriousness of the clin-

ical signs and to the bleeding t h e pigs were observed con-

tinuously for the first 12 hours PI . The pigs had not moved 

since about 6 hours PI so each was turned to the oppos ite 

side . Bleeding was still evident but apparently not increas -

ing in intensity . 

Twenty - four hours PI , the condition of the pigs was 



Figure 27 . Experiment III , 2 hours PI . Pig is recum-
bent . Note feces and vomitus . Open mouth 
breathing and profuse salivation are present 

Figure 28 . Experiment III , 3 hours PI . Note e xtensive 
frothy salivation . Pig is bright eyed but 
too weak to rise 
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p r actically unchan ged from the 1 2 hours P I obs ervat i ons . 

External bleeding had stopped . The pigs continu ed t o l i e 

as if comatose but would rise if severely prodded . Little , 

i f a ny , change was noted i n their overall c ondit i on from 24 

to 48 hours PI . Feed and water had n o t been touched . No 

vomitus o r feces we r e pr esent in the pens . 

Fo rty - e i ght hour s PI , dehydr ation and l oss of condi t i on 

we re apparent . The pigs wer e awake and watched t h e anima l 

caretak ers mov e about their pens , but d i d n o t get up o r eat . 

I n the afternoon , JO h ours PI , 2 of the pigs (705 a nd 707) 

were on the ir feet and were obse r ved to eat small amount s 

of feed . Firm , mu c u s cov ered fe ces were presen t in the pens . 

The fece s we r e dark col o r ed but no fresh blood wa s noted . 

The th i rd p i g (706) was showing some improvemen t bu t made 

no attempt t o stand . 

Seventy- two hour s PI , a l l 3 pigs were on their fee t and 

ate some f eed whil e the tempe r atures we re t aken a nd t h e blood 

c ollec t e d . The p i gs we r e qui te weak a nd s t ood fo r only short 

pe r i ods . They l a y d o wn as s oon a s the an i mal handlers left 

t he pens . The afternoon observations we r e pr act i cally the 

same a s i n t h e mor ning but the pigs appe a red t o b e s tronger , 

mo r e alert and defini tely recovering f r om t he effects of the 

endotoxin . 

At 96 hours PI , t he p i g s were on the i r feet a nd h ungr y . 

Loss o f cond ition and wea kne ss we re t h e only c hanges f rom 

t h ei r p r e - inocul ation phys ical state . 
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The body temperatures a re r ecorded in Table 2 7 . All 

pigs were within the normal tempera t ure range when inocula-

tion occurred . The tempe r atures elevated 2 to J F . during 

the first hour PI . At 2 hour s PI , 2 of the pigs (705 and 

707) had marked decreases i n temperatures , but p i g 706 went 

up anothe r degree . At 4 hours PI , all J pigs had tempera -

tures near or less than their pre - inoculation readings . At 

6 hours PI , pig 705 had a J . O F . rise in temperature . The 

other 2 pigs (706 and 707) remained in the normal tempe r ature 

range . At 24 hours PI , all J pigs had e levated temperatures . 

From 48 to 96 hours PI t he temperatures were within the normal 

temperature range in all J pigs . 

Hematology 

Erythrocyte sedimentation r ate The ESRs are listed 

in Table 28 . The pre - inoculation values were eleva t ed follow -

ing surgery . Th es e levels were decreasing at the time of 

inoculation and for 4 hours PI . Between 4 and 6 h ours PI , 

the ESRs began to rise . At 24 hours PI , t he ESRs of all pigs 

were approximately 4 times the level of the 6 hour PI bleed-

ing . Th is was the maximum ESR f or pig 706 , but the othe r 

2 pigs (705 and 707) did not r each their peak until 48 hours 

PI . The ESRs remained elevated in all J pigs unt il the ex -

periment was concluded at 96 hours P I . 

Packed cell volume The PCV results are listed in 

Table 29 . The PCVs were sligh tly elevated during the 
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Table 27 . Body temperatur es a of sw ine inocula t ed with 
e ndotoxin o f S . chol e r ae s u i s var . kunzendorf . 
Experiment III 

Hours PI Pig 705 P i g 706 P i g 70 7 

-96 102 . 2 102 . 0 101 . 8 

- 72 102 . 0 102 . 6 102 . 6 

- 48 101 . 8 101 . 8 l OJ . O 

- 24 102 . 1 102 . 0 10 2 . 8 

0 102 . 4 101 . 6 10 2 . 0 

15 min . b 

JO min . 

45 min . 

1 104 . 0 104 . o 104 . 8 

2 102 . 8 105 . 0 102 . 4 

4 102 . 0 102 . 4 100 . 6 

6 105 . 0 101 . 6 101 . 6 

24 104 . 0 104 . 2 104 . 4 

JO 104 . 4 104 . 2 l OJ . 6 

48 10 2 . 6 101 . 8 102 . 2 

54 101 . 4 101 . 8 101 . 0 

72 101 . 8 101 . 4 102 . 6 

78 l OJ . O 101 . 2 102 . 8 

96 102 . 0 102 . 2 102 . 0 

a Temperatures recorded in degrees Fahrenheit . 
b No tempe r atures taken . 
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Table 28 . Erythrocyte sedimentation 
a of hlnorl rr-om sw ine rate 

inoculated with endotoxin of S . ~holc r11es11ls vnr . 
kunzendorf. Experi ment III 

Hours PI Pig 705 Pig 706 Pig 707 

-96 3. 0 4 . 5 3 . 0 

- 72 9. 0 10 . 0 5. 5 

-48 19 . 0 20 . 0 8. 0 

- 24 17. 0 19 . 0 11.0 

0 15 . 0 15 . 0 9 . 0 

15 min . 3. 5 1 . 5 3. 0 

30 min . 4 . 0 6 . o 3 .0 

45 min . 3. 0 3 . 5 2. 5 

1 3. 5 4 . 5 3. 0 

2 2. 0 2. 5 2. 0 

4 5. 0 J . 5 1. 5 

6 16. 5 22 . 5 7. 5 

24 67 . 0 94 . 5 J2 .0 

JO 77 . 0 69 . 5 31. 0 

48 89 . 0 60 . 0 J6 . 5 

54 91 . 5 58 . 0 J8 . 0 

72 75. 5 85 . 5 36 . 0 

78 J6 . 5 73 . 0 11 . 0 

96 64 . o 72 . 5 28 . 0 

a Erythr ocyte sedimentat i on r ate results in mm . /hr . 
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Table 29. Packed cell volumea of blood from sw ine inoculated 
with the e nd otoxin of s . choleraesuls var . kunzen -
dorf. Experiment III 

Hours PI Pig 705 Pip- 706 Pig 707 

-96 36 . 5 36 . 0 33 . 0 
- 72 33 . 0 37 .0 35 . 5 
-48 31 . 0 33 . 5 33 . 0 
- 24 30 . 5 30 . 0 31 .0 

0 29 .5 29 . 5 28 . 5 
15 min. 34 . 5 34 . 5 32 . 5 
30 min . 35 . 0 34 . 5 34 . 5 
45 min . 36 . 5 34 . 5 35 . 5 

1 35 .0 33 . 0 34 .5 
2 J4 . 5 33 .0 33 .5 
4 35 . 5 34 . o 35 . 0 
6 J5 . 5 33 . 5 34 .5 

24 29 . 0 25 .0 29 . 5 
JO 26 . 0 27 . 0 28 .0 
48 24 . o 25 . 0 25 . 0 
54 23 . 5 23 . 5 26 . 5 
72 24 . o 22 . 5 26 . 5 
78 24 . 5 22 . 5 27 . 5 
96 23 . 0 25 . 5 27 . 5 

a 
Packed cel l volume repor ted as percentage . 
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pre-inoculation bleedings but were decreasing with the 

lowest results recorded immediately before inoculation . 

The PCVs were all increased at 15 minutes PI and remained 

elevated for the next 6 hours PI. In 2 of the pigs (705 

and 707) the highest readings occurred at 45 minutes PI . 

In pig 706 , the PCVs did not change from 15 to 45 minutes 

PI . At 24 hours PI , all PCVs were conside r ably lower than 

at 6 hours PI . The PCV readings continued downward from 24 

hours PI to 54 hours PI . In 2 of the pigs (705 and 706) the 

PCV results had reached the lowest po int by 54 hours PI and 

were rising from 72 to 96 hours PI . The lowest PCV in blood 

from pig 707 was at 48 hours PI . 

Total red blood cell counts The TRBC counts a r e 

listed in Table JO . The results are very similar to the PCV 

results . The pre - inoculation levels were decreasing whe n 

inoculation occurred . No TRBC counts were made dur ing the 

first hour PI . At 1 hour PI , the counts were agai n elevated 

in all J pigs and rema ined slightly elevated through 6 hours 

PI . At 24 hours PI , the TRBC levels decreased considerably 

and continued to decrease through 72 hours PI . In all J pigs 

the TRBC values began to rise on the 78 and 96 hour s PI bleed-

i ngs . 

Total white blood cell counts The TWBC counts are 

listed in Table Jl . The values were within normal ranges 

in the pre - inoculation hematologic studies . Very little 

change was noted in the 15 minute PI blood samples , but a 
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a 
Table 30 . Total red blood cell counts in blood of swine 

inoculated with the endotoxin of s . choleraesu l s 
var . kunzendorf . Experiment III 

Hours PI Pig 705 Pig 706 Pig 707 

-96 621 613 565 

- 72 572 634 628 

-48 566 601 607 

- 24 549 544 578 

0 534 518 524 

15 min . b 

JO min . 

45 min . 

1 620 589 619 

2 618 589 628 

4 601 577 644 

6 642 584 630 

24 486 424 527 

30 428 476 487 

48 380 396 456 

54 415 401 448 

72 406 386 448 

78 422 395 488 

96 382 439 483 

a 4 Red blood cells reported as number of cells x 10 /cu . mm. 

b TRBC not conducted on these bleedings . 
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a 
Table Jl . Tota l white blood cell counts of blood from sw i ne 

i nocul ated with the endotoxin of S . choleraesuis 
var . kunzendorf . Experiment III 

Hours PI Pi g 705 Pig 706 Pi g 707 

- 96 14 , 600 14 , 700 1 2 , 600 

- 72 12 , 700 15 , 400 15 , 000 

- 48 12 , 600 14 , 600 14 , 000 

- 24 11 , 100 l J , 600 l J , 600 

0 12 , 500 lJ , 900 1 0 , 500 

15 min . 1 1 , 000 12 , 600 11 , 400 

JO min . 4 , 677 7 , 758 4 , 880 

45 mi n . 4 , 658 8 , 58J 5 , J 75 

1 4 , 262 6 , 064 5 , 728 

2 1 , 656 J , 182 J , 00 1 

4 1 , 269 2 , 534 1 , 071 

6 1 , 558 3 , 412 l , 4JO 

24 20 , 200 25 , 8 00 23 , 900 

JO 29 , 000 J2 , 900 28 , 500 

48 JB , 700 4 1 , J OO 5J , 400 

54 J7 , 700 36 , 700 54 , 800 

72 1 6 , 800 17 ,700 21 , 000 

78 15 , 200 15 , 500 19 , 200 

96 1 0 , 400 l J , 900 14 , 800 

a Wh i t e blood cell counts reported in number o f cells/cmm. 



107 

50 percent decrease in WBCs was recorded at 30 minutes PI . 

The levels remained about the same for 1 hour PI and then 

again began to decrease . The leukopenia was most pronounced 

in all 3 pigs at 4 hours PI . By 24 hours PI , a leukocytosis 

had developed , and by 48 hours PI it was more evident . The 

TWBC values returned to near normal at 72 hours PI and re -

mained in the normal range until the conclusion of the experi -

ment at 96 hoJrs PI . 

Serum glutamic oxaloacetic transaminase The SGOT 

levels of activity are listed in Table 32 . The postsurgical 

and pre - inoculation values decreased until the time of inocu-

lation . At 1 hour PI , the SGOT levels of activity were in -

creased , and they continued to rise through 6 hours PI . At 

24 hours PI , the highest levels of SGOT activity were obtained 

in all 3 pigs . At 48 hours PI , the levels were almost reduced 

by half from the 24 hour PI values . The SGOT values decreased 

from 48 through 96 hours PI and were below the pre - inoculation 

levels at 96 hours PI . 

Lactic dehydrogenase The LDH levels are listed in 

Table 33 . Following surgery the LDH levels were elevated 

bu~ were decreasing when inoculation occurred . One hour PI , 

the LDH levels were elevated slightly above the values at 

the time of inoculation . At 2 hours PI , the levels decreased 

in all 3 pigs to approximately the values at inoculation . 

At 4 hours PI , the LDH levels were again elevated and were 

about the same at 6 hours PI . The highest levels of LDH 



Table J2 . 

Hours PI 

- 96 

- 72 

-48 

- 24 

0 

15 min . 

JO min . 

45 min . 

1 

2 

4 

6 

24 

30 

48 

54 

72 

78 

96 
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a Serum glutam1c oxaloacetic transaminase levels 
of ac tivi ty from sw ine inoculated with the endo-
toxin of S . choleraesuis var . kunzendorf . 
Experiment III 

Pig 705 Pig ?Ob P i g 707 

23 27 15 

27 40 18 

21 23 12 

21 21 9 
21 22 13 

b 

30 34 27 

34 37 22 

61 48 42 

75 57 57 
120 79 89 
104 70 79 
45 48 45 
J6 40 42 

23 22 17 
c 

18 19 17 
a Glutamic oxaloacetic transaminase reported in Sigma -

Frankel units . 
bNo determinati ons made . 
cTubes broken in centrifuge . 
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TablP. JJ . LRctic dehydrogenase levelsa of acL1v 1 ty from s win e 
inoculated with the endotoxin of 8 . cholcraesu is 
var . kunzendorf . Experiment III 

Hours PI Pig 705 Pig 706 Pig 707 

- 96 1060 1060 935 

- 72 1175 1030 1015 

- 48 990 700 735 
- 24 1160 700 820 

0 820 685 700 

15 min . b 

JO min . 

45 min . 

1 895 850 880 
2 770 700 720 
4 1115 850 895 
6 1115 865 1015 

24 1305 990 1150 
30 1070 770 1225 
48 1030 925 1150 
54 1100 755 1140 
72 925 735 895 
78 c 

96 990 755 895 

a Lactic dehyd r ogenase reported in Be r ger- Broida (B- B) units . 
bNo determinations made . 
cTubes broken i n centri fug e . 
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activity occurred 24 hours PI in 2 pigs (705 and 706) and at 

JO hours PI in pig 707 . From 48 through 96 hours PI , the LDH 

levels slowly decreased , but did not return to the values ob-

tained at the time of inoculation . 

Differential leukocyte counts The differential leuko -

cyte counts on blood smears from pig 705 are listed in Table 

J4 . Pre - inoculation b l ood smears following surger y d i sclosed 

the neutrophils to be more numerous than the lymphocytes . 

Lymphocytes increased and the neutrophils decreased in numbers 

and were in the range of normal when inoculation occurred . 

Monocytes and basophils were within normal ranges , but the 

eosinophils were slightly above normal values . Litt l e c hange 

was present at 15 minutes PI , but at JO minutes PI there was 

a drastic change . A leukopenia was striking . Lymphocytes 

were about the only leukocytes present on the blood smear s . 

Segmented neutrophils were practically gone from the circu-

lating blood . The differential WBC count did not change much 

from JO to 60 minutes PI , but by 2 hours PI a drastic shift 

to the left was e v ident . A few segmented neutrophils we r e 

also observed . From 2 hours PI thr ough 6 hours PI , the shift 

to the left was spectacular with neutrophilic leukocytes being 

the predom inant cell type . At 24 hours PI , the immatur e n e u -

trophilic leukocytes were still the dominant cell types and 

a definite leukocytosis was present . The immature forms were 

primarily band cells and metamyelocytes , but also a few myelo -

cytes were observed . By 48 hours PI , the segmented neutrophil 
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Table 34 . Differential leukocyte countsa on blood smear s 
from swine inoculated with the endo toxin o f 
s . choleraesuis var . kunzendorf . Experiment III 

Pig 702 

Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 87 6 1 05 1 0 0 1 0 

- 72 97 8 87 0 0 0 8 0 

- 48 106 4 80 1 0 0 7 2 

- 24 133 4 59 1 0 0 2 1 

0 120 5 61 3 0 0 11 0 

15 min . 127 1 64 1 0 0 6 1 

30 min . 193 1 3 0 0 0 2 1 

45 min . 177 3 5 5 0 0 10 0 

1 183 2 2 4 0 0 8 1 

2 180 3 10 3 1 0 2 1 

4 168 4 14 8 0 0 6 0 

6 136 2 20 36 2 0 2 2 

24 39 6 52 84 16 3 0 0 

30 1 9 2 71 82 19 7 0 0 

48 29 2 99 51 4 1 13 1 

54 36 2 126 31 2 0 2 1 

72 76 5 90 11 1 0 17 0 

78 92 3 77 8 0 0 20 0 

96 1 21 7 61 2 0 0 8 1 

aDifferential leukocyte counts expressed in percentage of 
100 cells ; 200 cells counted , therefore, numbe r o f cells = 
percentage . 2 
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was the most numerous , but a few immature forms were present . 

A return toward normal was evident by 72 hours PI as t he 

lymphocytes again outnumbered the neutrophilic leukocy t es . 

At 96 hours PI , the differential WBC counts were back to pre -

inoculation val ues . 

The results of differential WBC counts on blood smears 

from pig 706 are listed in Table 35 · The results were similar 

to tnose described for pig 705 . The lymphocyte count did not 

go quite as h i gh in pig 706 as in pig 705 , but the re were no 

neutrophilic leukocytes present at JO minutes PI in pig 706 . 

The leukopenia and shift to the l eft was every bit as drastic 

however between 1 and 6 hours PI as in pig 705 . From 24 t o 

48 hours PI , a l eukocytosis was present with mature and im-

mature forms of neutrophils p redom inating . The differentia l 

WBC counts for pig 707 are listed in Table J6 . The differ -

ential counts were similar to p i gs 705 and 706 . The counts 

were sim ilar not only in number s but also in t imes when the 

changes occurred . 

The absolute differential leukocyte counts f o r pigs 

705 , 706 and 707 are listed in Tabl es 37 , JB and 39 respec -

tively . The absolute counts did not reveal significant 

variations from the r elative differential leukocyte counts . 
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Table 35 . a Differential leukocyte counts on blood smear s 
from swine inoculated with the endotox in of 
s . choleraesuis var . kunzendorf . Expe riment III 

Pig 706 

Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Basa 

- 96 76 5 114 5 0 0 0 0 

- 72 132 8 50 3 0 0 4 3 

- 48 138 6 40 6 0 0 9 1 

- 24 152 6 34 2 0 0 2 4 

0 134 5 51 6 0 0 2 2 

15 min . 13 0 4 63 0 0 0 1 2 

30 min . 188 4 0 0 0 0 4 4 

45 min . 176 2 11 5 0 0 4 2 

1 178 4 6 5 0 0 4 3 

2 165 2 14 10 0 0 7 2 

4 143 0 28 25 1 0 2 1 

6 99 0 46 48 3 1 1 2 

24 39 1 55 87 lJ 4 1 0 

JO 40 1 81 63 7 J 4 1 

4 8 29 4 131 24 2 2 6 2 

54 41 1 141 lJ 1 0 3 0 

72 103 4 77 6 2 0 5 J 
78 1 27 1 60 5 0 0 6 1 

96 126 7 58 1 0 0 7 1 

a Diffe r ential l eukocyte counts expressed in pe rcentage of 
100 ce lls ; 200 ce l ls c ounted , therefore , number of cells = 
percentage . 2 
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Table J6 . a Differential leukocyte counts on blood smears 
from swine inoculated with the endotoxin of 
s . choleraesuis var . kunzendorf . Experiment III 

Pig 707 

Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Baso 

- 96 111 4 81 4 0 0 0 0 

- 72 120 2 69 0 0 0 9 0 

- 48 116 2 74 0 0 0 8 0 

- 24 125 J 65 0 0 0 4 J 

0 114 1 75 0 0 0 8 2 

15 min . 121 1 74 0 0 0 J 1 

JO min . 190 0 4 0 0 0 6 0 

45 min . 187 0 5 2 0 0 1 5 

1 177 2 15 0 0 0 5 1 

2 194 0 2 2 0 0 0 2 

4 181 0 7 0 0 0 6 6 

6 154 2 JO 9 0 0 0 5 
24 25 1 J4 llJ 22 5 0 0 

J O JJ 1 49 94 20 J 0 0 

48 19 J 104 64 7 1 2 0 

54 JO 5 ll J 48 2 0 2 0 

72 57 7 112 16 1 0 7 0 

78 86 6 94 5 0 0 8 1 

96 12J 5 55 4 0 0 11 2 

a Differential leukocyte c ounts expressed in percentage of 100 cells ; 200 cells counted , therefore , number of cells = 
percentage . 2 
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Table 37 . Absolute differential leukocyte countsa from blood 
smears from swine inoculated with the endotoxin 
of s . choleraesuis var. kunzendorf. Experiment III 

Pig 70,2 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 6351 438 7665 73 0 0 73 0 

- 72 6160 508 5524 0 0 0 508 0 

-48 6678 252 5040 63 0 0 441 126 

- 24 7382 222 3274 56 0 0 111 55 
0 7500 313 3812 188 0 0 687 0 

15 min . 6985 55 3520 55 0 0 330 55 
JO min . 4513 23 71 0 0 0 47 23 
L~5 min . 4123 70 116 116 0 0 233 0 

1 3900 43 44 84 0 0 170 21 
2 1490 25 83 25 8 0 17 8 
4 1066 25 89 51 0 0 38 0 
6 1058 16 156 280 16 0 16 16 

24 3939 606 5252 8484 1616 303 0 0 
JO 2755 290 10295 11890 2755 1015 0 0 
48 5612 387 19156 9869 774 193 2516 193 
54 6786 377 23751 5844 377 0 377 188 
72 6384 420 7560 924 84 0 1428 0 
78 6992 228 5852 608 0 0 1520 0 
96 6292 364 3172 104 0 0 416 52 

aAbsolute differential leukocyte 
numbers per cubic mm . of blood . 

counts expressed in 
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Table JS . 
a Absolute d i fferential leukocyte counts from blood 

smears from swine inoculated with t he endotoxin 
of s . choleraesuis var . kunzendorf . Experiment III 

Pig 706 

Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 5586 J68 8379 367 0 0 0 0 

- 72 10164 616 3850 2Jl 0 0 308 2Jl 

- 48 10074 438 2920 438 0 0 657 73 

- 24 10336 408 2312 136 0 0 1J6 272 

0 931J J48 J544 417 0 0 139 1J9 

15 min . 8190 252 3969 0 0 0 63 126 

30 min . 7293 155 0 0 0 0 155 155 

45 min . 7553 85 472 215 0 0 172 86 

1 5J97 121 182 152 0 0 121 91 

2 2625 J2 223 159 0 0 111 J2 

4 1812 0 355 317 13 0 25 12 

6 1689 0 785 819 51 17 17 34 

24 5031 129 7095 11223 1677 516 129 0 

JO 6580 165 13J24 10364 1151 493 658 165 

48 5989 826 27051 4956 413 413 1239 413 

54 7524 18J 25874 2385 183 0 551 0 

72 9116 354 6814 531 177 0 44J 265 

78 9843 77 4650 388 0 0 465 77 

96 8757 487 4031 69 0 0 487 69 

a Absolute differential leukocyte counts expr essed in 
numbers per cub i c mm . of blood . 
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Table 39 . f.l Absolute differential leukocyte counts from blood 
smears from s wine inoculated wi th the e nd o toxin 
o f S . choleraesuis var . kunzendorf . Ex per i ment III 

Pig 707 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 6993 252 5103 252 0 0 0 0 

- 72 9000 150 5175 0 0 0 675 0 

- 48 8120 140 5180 0 0 0 560 0 

- 24 8500 204 4420 0 0 0 272 204 

0 5985 53 3937 0 0 0 420 105 
15 min . 6897 57 4218 0 0 0 171 57 
30 min . 4636 0 98 0 0 0 146 0 
45 min . 5026 0 134 54 0 0 27 1J4 

1 5069 57 4JO 0 0 0 14J 29 
2 2911 0 JO JO 0 0 0 JO 
4 970 0 37 0 0 0 32 J2 
6 1101 14 215 64 0 0 0 J6 

24 2988 119 406J 1J504 2629 597 0 0 
JO 470J 142 698J 13J95 2850 427 0 0 
48 507J 801 27768 17088 1869 267 5J4 0 
54 8220 1J70 30962 13152 548 0 548 0 
72 5985 7J5 11760 1680 105 0 7J5 0 
78 8256 576 9024 480 0 0 768 96 
96 9102 370 4070 296 0 0 814 148 

a Absolute differential leuko cyte 
numbers per c ubic mm . of b l ood . 

c ounts ex pr essed in 
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Necropsy f indinv,s 

Gross les i ons The only external changes observed 

in the pigs were dehydration and loss of condition . The in-

ternal lesions were min i mal with a few subpleural petechial 

hemorrhages in the lungs . Large renal infarcts were aga in 

present in both kidneys of all J p i gs as in Experiments I 

and II . The lymph nodes were soft and slightly edematou s 

but otherwise normal . 

Microscopic lesions The lungs contained smal l f ocal 

areas of hemorrhage (Figure 29) . The alveolar walls we r e 

infiltrated with lymphocytes , plasma cells and macrophages . 

There was slight edema of the interstitial connect i ve tissue 

(Figure JO) . The cell u l ar infiltrat i ons in the alv eola r walls 

compressed the alveolar lumina , many of which we re f i l l ed wi th 

homogenous eosinophilic staining material (Figure Jl) . The 

livers had numerous focal collections of lymphocytes and 

macrophages (Figure 32) and necrotic lesions similar to those 

found in Experiment I (Fi gures 33 and J4) . The live r lesions 

in this experiment were not as numerous as in Experi ment I . 

Th e hear t of p i g 707 had a mi l d endocarditis and a l ym -

phaden itis was p r esent in several of the l ymph nod es . The 

subcapsula r space and peritrabecular spaces conta ined many 

neutr ophils . No def i ni t e absce sses were present . These 

l esions we re pres ent i n only this pig (707) and n ot in pigs 

705 or 706 . 



Figure 29 . Experiment III, 4 days PI . Lung . The 
alveolar walls contain diffuse infiltrations 
of mononuclear leukocytes . H&E stain ; 200 X 

Figure JO . Experiment III , 96 hours PI . Lung . The 
alveolar lumina are greatly reduced in size 
and the walls are diffusely i nfiltrated with 
mononuclear leukocytes . The interlobular 
septum is slight edematous . H&E sta in ; 80 X 
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Figure Jl . Experiment III , 96 hours PI . Lung . The 
alveolar walls are diffusely infiltrated 
with mononuclear leukocytes . Homogen ous 
eosinophilic material and scattered e r ythr o -
cytes are present in a few alveolar lumina . 
H&E stain ; 200 X 

Figure 32 . Ex pe r iment III , 96 hours PI . Liver . 
Mononuclear leukocytes are present at t he 
peripheral margins of a hepatic lobule . 
H&E stain ; 200 X 





Figure 33 . Experiment III , 96 hours PI . Liver . A focus 
of coagulation necrosis is present in the 
midzonal portion of the lobule. The necr ot i c 
area contains numerous neutrophils , macro -
phages and lymphocytes . H&E stain ; 200 X 

Figure 34 . Experiment III , 96 hours PI . Liver . The 
focus of necrosis contains fewer leukocytes 
than Figure 33 . Note the prominent Kupffer 
cells in the parenchyma surrounding t h e 
n ecrot i c focus . H&E stain; 200 X 
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Cultural and FA results 

The tissues were negative for hog cholera virus on both 

the FATST and the FATCT diagnostic tests. 

The tissues were cultured for the presence of salmonellae 

and were negative . When the lesions were found in the heart 

and lymph nodes on histopathology , the heart , lymph nodes , 

spleen and liver were again cultured . Streptococcus ~· was 

isolated but no attempt was made to identify the species . 

Very few colonies were present on the culture plates . 

Swine Controls 

Clinical observations 

Following inoculat i on with sterile saline , the pigs were 

eating within 1 hour PI . The incision in pig 577 became in-

flamed where the catheter emerged to attach to the catheter 

stopcock . Although a germicide was applied at the time o f 

each bleeding , the inflammation extended deeper than could 

be reached by the germicide . The catheter acted as a wick 

as it moved slightly in and out as the pig walked . This move -

ment occurred in other pigs also but inflammation did not 

occur . The inflammation was apparently accompanied by pruri -

tus as the pig was observed to rub the area on any protr uding 

obj ect in the pen or against the wall . When blood was col -

lected a nd the catheter valve handled, the pig tried to rub 

and it was difficult to hold the stopcock and collect the 

blood . 
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No clinical signs were obse rved during the course of 

the experiment which was concluded at 96 hours PI . 

The body temperatures are listed in Table 40 . Pig 577 
had an elevated temperature which was attributed to infection 

in the external catheter wound . 

Hematology 

Erythrocyte sedimentation rate The ESR values for 

the control pigs are listed in Table 41 . All ESRs were within 

the range of normal when inoculation with saline occurred . 

Two of the pigs (575 and 576) remained in the normal range 

but pig 577 had a slightly elevated ESR . 

Packed cell volume The PCV results for the control 

pigs are listed in Table 42 . The PCVs decreased slightly 

in all 3 pigs during the course of the experiment . No sudden 

or drastic changes were detected at any specific time follow -

ing inoculation with saline . 

Total red blood cell counts The TRBC counts for the 

control pigs are given in Table 43 . The values were relative -

ly stable in all 3 pigs but there were minor fluctuations . 

The TRBC values decreased slightly during the experiment but 

not significantly . 

Total white blood cell counts The TWBC counts are 

listed in Table 44 . Minor changes were noted but no signifi -

cant or abrupt changes were demonstrated during the course 

of the experiment . Pig 577 developed a slight leukocytosis 



127 

Table 40 . Body temperaturesa of cathete r ized swine inoculat ed 
with sal ine . Controls 

Hours PI Pig 575 Pig 576 Pig 577 

- 120 103 . 4 102 . 6 103 . 4 

- 96 102.2 101 . 4 103 . 6 

- 72 101 . 0 103 . 6 102 . 0 

- 48 103 . 4 102 . 4 1 03 . 0 

- 24 103 . 2 103 . 0 1 01 . 8 

0 102 . 4 101 . 4 102 . 0 

15 min . b 

30 min . 

45 min . 

1 101 . 4 103 . 0 1 03 . 8 

2 101 . 7 102 . 5 104 . o 

4 103 . 4 103 . 0 103 . 5 

6 103 . 5 103 . 0 1 03 . 4 

24 102 . 0 101. 6 103 . 4 

30 102 . 8 102 . 6 104 . o 

48 101 . 8 1 02 . 6 1 03 . 0 

54 102 . 8 102 . 6 103 . 2 

72 102 . 4 101 . 4 1 04 . 6 

78 102 . 8 102 . 4 106 . 0 

96 101 . 8 101 . 6 1 02 . 8 

a Tempe r a tures r ecorded in degrees Fahr enheit . 
b No tempe r atur es taken . 



Table 41 . 

Hours P I 

-120 

- 96 

-72 

-48 

- 24 

0 

15 min . 

JO min . 

45 min . 

1 

2 

4 

6 

24 

JO 
48 

54 
72 

78 

96 
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a Erythrocyte sedimentat i on rates of blood from 
catheterized swine inoculated with saline. 
Cont r ol s 

Pig 575 Pig 576 

4 . o 9 . 0 
11 . 0 6. o 

8. 0 6. 5 
12. 0 14 . 0 

4 . o 9 . 5 

J . O 6 . o 

2. 0 6 . o 
1 . 0 7. 5 

1 . 5 J . O 
2. 0 5 . 5 
1 . 0 J . O 
2. 0 5 . 5 
J . O 5. 0 

5. 5 6. o 

J . 5 5. 5 
6. o 5 . 0 
2. 5 4 . 5 
4 . 5 J . O 
4 . o 6. o 
7.0 6 . o 

Pig 577 

8. 0 

6. o 

4 . 5 

7. 0 
4 . o 

4. o 

J . 5 
4 . o 

J . O 

4 . o 

2. 0 

9 . 0 

11 . 0 

7. 0 

5. 0 
4 . o 

4 . o 

9 . 0 

15. 0 

11 . 5 

a 
Erythrocyte sedimentation rate results in mm . /hr . 
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Table 42 . Packed cell volumesa of blood from cHthete rl zed 
s wine inoculated wlth saline . Controls 

Hours PI Pig 575 Pig 576 Pig 577 

-120 32 . 0 29 . 0 31 . 0 

- 96 30 . 0 32 . 0 34 . 5 
- 72 31 . 5 29 . 0 32 . 5 
- 48 29 . 0 30 . 0 32 . 0 

- 24 33 .0 32 . 5 34 . 5 
0 29 . 5 31 . 5 J4 . 5 

15 min . JO . O 30 .0 J4 . o 

30 min . 29 . 5 29 . 5 34 . 0 

45 min . J0 . 5 32 . 0 35 . 0 
1 JO . O 31. 5 J3 . 0 
2 31. 0 30 . 0 32 . 0 
4 29 . 5 28 . 0 29 . 5 
6 29 . 5 29 . 0 32 . 0 

24 27. 5 31 . 0 29 . 5 
JO 28 . 0 31 . 0 32 . 0 
48 28 . 5 33 . 0 32 . 5 
54 28 . 5 J l. 5 31. 5 
72 27 . 5 29 . 0 27 . 0 
78 28 .0 28 . 0 28 . 0 
96 26 . 5 29 . 5 28 . 0 

a Packed cell volume reported as percentage . 
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Table 4J . Total red bl ood cell countsa on blood f r om 
ca t hete rized s wine inoculated wi th saline . 
Control s 

Hours PI Pig 575 P i g 576 

- 120 590 526 

- 96 581 612 

- 72 606 561 

-48 595 591 
- 24 6J9 646 

0 570 602 

15 min . b 

JO min . 

45 min . 

1 552 600 
2 576 556 
4 548 491 
6 548 542 

24 499 577 
JO 53 7 559 
48 529 60J 
54 548 615 
72 454 501 
78 491 52J 
96 501 550 

a 

P i g 57 7 

580 

672 

622 

67J 

7JJ 
654 

6J l 

584 

550 

620 

531 

596 

6J l 

591 
481 

527 

515 
4 Red blo od cells r eported as number o f cells X 10 /cu . mm . 

b TRBC counts n o t conducted on thes e bleedings . 
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Table 44 . Total white blood cell countsn on hlood from 
catheterized swine inoculated w1 th r.nl i nc . 
Con t r ols 

Hours PI Pig 575 Pig 576 Pig 577 

- 120 18 , 700 10 , 400 12 , 000 

- 96 19 , 200 12 , 500 15 , 800 

- 72 16 , 700 lJ , 000 16 , 400 

- 48 19 , 400 12 , 900 16 , JOO 

- 24 17 , 900 10 , 900 14 , 700 

0 26 , JOO 16 , 200 17 , 500 

15 min . 26 , 100 14 , 600 20 , 700 

JO min . 25 , 900 15 , 000 19 , 900 

45 mi n . 27 , 200 1 5 , 700 20 , 900 

1 26 , 700 14 , 900 20 , 200 

2 2J , JOO 15 , 000 20 , 400 

4 21 , 200 16 , 100 21 , JOO 

6 2J , 500 1 6 , 100 24 , 200 

24 18 , 700 lJ , 100 19 , JOO 

JO 1 9 , 600 14 , JOO 19 , 000 

48 19 , JOO 12 , 900 17 , 500 

54 19 , 600 1 6 , 700 17 , 200 

72 20 , 700 11 , 100 24 , 400 

78 20 , 600 lJ , 900 29 , 900 

96 19 , 600 14 , 700 2J , 900 

a 
White blood ce l l counts r eported i n numbe r of cells/cmm . 
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between 72 and 96 hours PI . 

Serum glutamic oxaloacetic transaminase The SGOT 

levels of activity from the control pigs are listed in Table 

45 . Pig 575 had a high postsurgery SGOT level but it dropped 

rapidly prior to inoculation with saline . The SGOT levels 

were essentially normal for the remainder of the experiment 

which was concluded at 96 hours PI . 

Lactic dehydrogenase The LDH levels of activity in 

the serum of the control pigs are listed in Table 46 . Pig 

575 had a high LDH reading following surgery but it decreased 

slowly until inoculation with saline . The LDH values for 

the o ther 2 pigs (576 and 577) were relatively stable for 

the duration of the experiment . 

Differential leukocyte counts The differential leuko -

cyte counts for pigs 575 , 576 and 577 are listed in Tables 

47 , 48 and 49 respectively . The numbers of neutrophils a r e 

increased the first 24 hours PI . Lymphocytes became the most 

numerous cell types in 2 of the pigs (575 and 576) from 24 

to 96 hours PI , but the neutrophil count r ema ined elevated 

in pig 577 through 96 hours PI when the experiment was con-

cluded . 

Absolute differential leukocyte counts a re listed in 

Tables 50 , 51 and 52 for control pigs 575 , 576 and 577 r e -

spectively . The absolute values did not r eveal significant 

differences from the relative differential counts . 
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Table 45 . Serum glutamic oxaloacetic transaminase~ levels 
of activity from catheterized swine i noculated 
with saline . Controls 

Hours PI Pig 575 Pig 576 Pig 577 

- 120 130 Jl 54 

- 96 65 25 53 

- 72 J? JJ J9 

- 48 22 41 J4 

- 24 25 32 J4 

0 29 22 40 

15 min . b 

30 min . 

45 min . 

1 25 JO 51 

2 27 J6 48 

4 29 J4 51 

6 25 J2 51 

24 19 J4 40 

JO 45 44 52 

48 28 27 48 

54 28 28 56 

72 JO 22 51 

78 20 2J 40 

96 10 20 J4 

a Glutam i c oxaloacetic transaminase reported in Sigma-
Frankel units . 

bNo determ inat i ons made . 
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Table 46 . Lactic dehydrogenasea levels of activ ity in serum 
of catheterized swine inoculated with saline . 
Controls 

Hours PI Pig 575 Pig 576 Pig 577 

- 120 1250 920 1245 

- 96 1425 1085 1455 

- 72 1055 1080 1280 

- 48 8J5 1100 1015 

- 24 910 1235 1085 

0 865 1085 1060 

15 min . b 

30 min . 

45 min . 

1 820 1005 1185 

2 755 1055 1100 

4 805 1085 1175 

6 880 1015 1200 

24 735 1100 lOJO 

JO 685 950 1035 

48 720 1040 1085 

54 655 1100 1045 

72 710 990 1100 

78 605 1015 865 

96 665 1570 895 

aLactic 
units . 

dehydrogenase reported in Berge r - Broida (B- B) 

b No determinations made . 
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Table 47 . a Diffe r ential leukocyte counts on blood smears 
prepar ed from catheterized swin e inoculated with 
sal ine . Controls 

Pig 272 
Hours PI Lymph Mono Se gs Bands Meta My l Eosino Ba so 

- 96 115 5 78 0 0 0 2 0 

- 72 146 4 44 1 0 0 5 0 

- 48 119 5 70 0 0 0 4 2 

- 24 123 4 68 2 0 0 2 1 

0 120 6 68 1 0 0 4 1 

1 5 min . 115 2 75 0 0 0 6 2 

JO min . 118 J 72 2 0 0 4 1 

45 min . 104 4 89 J 0 0 0 0 

1 106 4 80 4 0 0 4 2 

2 9 1 4 102 2 0 0 1 0 

4 96 5 86 9 0 0 J 1 

6 94 J 97 J 0 0 J 0 

24 llJ 4 79 2 0 0 0 2 

JO 114 6 74 0 0 0 4 2 

48 1 20 7 73 0 0 0 0 0 

54 1J6 2 56 2 0 0 2 2 

72 llJ 2 77 2 0 0 4 2 

78 109 J 78 0 0 0 6 4 

96 126 4 65 1 0 0 2 2 

aDiffer ential leukocyte counts expressed in pe r centage of 100 cells ; 200 cells counted , t herefore , number of cells = 
percentage . 2 
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Table 48 . 
a Different i a l leukocyte counts on blood smears 

prepar ed from catheter i zed swine inoculated with 
sal ine . Controls 

Pig 5_76 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Ba so 

- 96 144 5 48 0 0 0 J 0 

- 72 lJ J 6 55 2 0 0 4 0 

- 48 136 J 57 2 0 0 2 0 

- 24 1J6 2 58 0 0 0 2 2 

0 1J4 4 55 0 0 0 4 3 

15 min . 1J3 2 63 1 0 0 0 1 

30 min . 110 7 78 1 0 0 3 1 

45 min . 124 1 71 2 0 0 2 0 

1 1 03 4 93 0 0 0 0 0 

2 94 4 100 1 0 0 0 1 

4 74 3 117 2 0 0 2 2 

6 109 3 84 1 0 0 3 0 

24 116 6 69 0 0 0 9 0 

30 111 5 72 0 0 0 10 2 

48 123 2 68 0 0 0 4 3 

54 132 2 63 0 0 0 3 0 

72 140 2 52 0 0 0 5 1 

78 124 1 70 0 0 0 3 2 

96 127 6 63 0 0 0 0 4 

aDi fferential leukocyte counts e xpressed in perce ntage of 
100 cells ; 200 cells counted , the r efore , number o f cells = 
percentage . 2 
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Table 49 . 
a Differential leukocyte counts on blood smears 

prepared from catheterized swine inoculated wi th 
saline . Controls 

Pig 277 
Hours PI Lymph Mono Se gs Bands Meta Myl Eosino Baso 

- 96 117 J 75 2 0 0 3 0 

- 72 128 4 61 0 0 0 5 2 

- 48 122 6 57 3 0 0 9 3 

- 24 127 4 57 2 0 0 10 0 

0 116 7 67 0 0 0 8 2 

15 min . 123 3 68 1 0 0 4 1 

JO min . 116 4 72 2 0 0 3 3 

45 mi n . 92 5 95 3 0 0 4 1 

1 109 2 88 1 0 0 0 0 

2 122 2 76 0 0 0 0 0 

4 123 0 75 0 0 0 0 2 

6 68 4 124 3 0 0 1 0 

24 91 3 100 1 0 0 3 2 

JO 97 6 91 0 0 0 4 2 

48 110 2 84 0 0 0 3 1 

54 92 5 91 1 0 0 8 3 

72 70 4 120 4 0 0 0 2 

78 57 4 129 J 0 0 5 2 

96 74 3 114 0 0 0 7 2 

a Different ial leukocyte counts expressed in percentage of 
100 cells ; 200 cells counted , therefore , number of cells = 
percentage . 2 
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Table 50 . 
a on blood Absolute d ifferential leukocyte counts 

smear s pr epar ed from catheterized s wi ne i noculated 
with saline . Controls 

Pig .2 7.2 
Hours PI Lymph Mono Se gs Bands Eosino Ba so 

- 96 11040 480 7488 0 192 0 

- 72 12191 JJ4 J674 BJ 418 0 

- 48 1154J 485 6790 0 JBS 194 

- 24 11009 J58 6086 179 179 89 

0 15780 789 8942 1J2 526 lJl 

15 min . 15008 261 9787 0 ?BJ 261 

JO min . 15281 J89 9J24 259 518 129 

45 min . 14144 544 12104 408 0 0 

1 14151 534 10680 5J4 5J4 267 

2 10602 466 1188J 2JJ 116 0 

4 10176 5JO 9116 954 Jl8 106 

6 11045 J5J 11J98 J52 J5 2 0 

24 10566 J74 7J86 187 0 187 

JO 11172 588 7252 0 J92 196 

48 11580 676 7044 0 0 0 

54 1JJ28 196 5488 196 196 196 

72 11696 207 7969 207 414 207 

78 11227 J09 80J4 0 618 412 

96 12348 392 6370 98 196 196 

a Absolute TWBC differential counts expressed in numbers 
per cubic mm . of blood . 
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a on bl ood Table 51 . Absolute diffe r ent ial leukocyte counts 
smears pr epar ed from catheterized swine inoculated 
with saline . Controls 

Pig 5.76 
Hours PI Lymph Mono Se gs Bands Eosino Ba s o 

- 96 9000 JlJ JOOO 0 187 0 

- 72 8645 390 3575 130 260 0 

-48 877 2 194 J676 129 129 0 

- 24 741 2 109 3161 0 109 109 

0 10854 324 4455 0 J24 24J 

15 min . 9709 146 4599 7J 0 7J 

JO min . 8250 525 5850 75 225 75 

45 min . 9734 79 5573 157 157 0 

1 7674 298 6928 0 0 0 

2 7050 JOO 7500 75 0 75 

4 5957 242 9418 161 161 161 

6 8775 242 6762 80 241 0 

24 7598 J9J 4520 0 589 0 

JO 7937 J57 5148 0 715 14J 

48 79J4 129 4386 0 258 193 

54 11022 167 5261 0 250 0 

72 7770 111 2886 0 278 55 

78 8618 70 4865 0 208 139 

96 9335 441 4630 0 0 294 

a Absolute TWBC differential counts expressed in numbers 
per cubic mm . o f blood . 



140 

a on blood Table 52 . Absolute different i al leukocyte coun t s 
smears prepared from catheterized sw ine inoculated 
with saline . Contr ol s 

Pig 577 
Hours PI Lymph Mono Se gs Bands Eosino Ba so 

- 96 9243 237 5925 158 237 0 

- 72 10496 J28 5002 0 410 164 

- 48 9943 489 4646 244 734 244 

- 24 9335 294 4189 147 735 0 

0 10150 613 5862 0 700 175 

15 min . 12731 310 7038 104 414 lOJ 

JO min . 11542 398 7164 199 299 298 

45 min . 9614 523 9927 Jl4 418 104 

1 11009 202 8888 101 0 0 

2 12444 204 7752 0 0 0 

4 13100 0 7987 0 0 213 

6 8228 484 15004 363 121 0 

24 8782 289 9650 97 289 193 

JO 9215 570 8645 0 380 190 

48 9625 175 7350 0 263 87 

54 791 2 430 7826 86 688 258 

72 8540 488 14640 488 0 244 

78 8522 598 19285 449 747 299 

96 8843 359 13623 0 836 239 

a Absolute TWBC differential counts expressed in numbe rs 
per cub ic mm . of blood . 
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Necropsy findings 

Gross lesions Renal infarcts were present in all J 

pigs . No other lesions were observed . Pig 577 had an abscess 

in the subcutaneous tissue where the catheter emerged from 

the back . The purulent exudate f ollowed the cathe ter a few 

centimeters in to the subcutaneous fat . No othe r changes were 

observed . 

Microscopic lesions The renal infarcts were s i milar 

to those described in Experiments I , II and III . No other 

lesions were present . 

Cultural and FA results 

The FA tests we re negative for both HC viral antigen 

and salmonellae . The cultural attempts to isolate salmonel lae 

were also negative . 
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DISCUSSION 

Clinical Observations 

The clinical responses resulting from inoculat i on with 

live salmonellae , killed salmonellae and extracted endotoxin 

all produced similar clinical signs in pigs, but vari ed in 

their intensity and dur ation . The clinical signs included 

elevated temperature , vomiting , anorexia , depress i on , and 

t r ansient diarrhea followed by constipation . The pr ogression 

o f clinical signs appear ed to be due to the effects o f endo -

t oxin and the severity was directly proportional to the endo -

tox in concentration . 

Clinical s i gns were not obs erved in p i g s inocul ated 

with l ive salmonellae for several hour s PI . It was necessary 

f or the o rganisms t o multiply in the body of the pig and be 

destroyed b y the defense mechanism to liber ate enough endo -

tox in to produce clinical signs. The effects o f endotoxin 

were observed much sooner in pigs inoculated with the killed , 

washed cell suspensi on of salmonellae . Large numbe r s of 

cells were inoculated , but were washed to be f ree of any 

endotoxin in the media prior to inoculation . The endotoxin 

was a component o f the bacterial cell wall and was liberated 

by macrophages and leukocytes as they phagocytized the for-

eign particulate matter from the b l ood . The clinical signs 

began to decrease after t he cell walls we r e destroyed and 

the endotoxin detoxified . When extracted endotoxin was 
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inoculated the clinical response was immediate . One pig 

went into shock but recovered . The effects of the endotoxin 

were severe but did not persist . 

The temperature response in all 3 experiments indicated 

that endotoxin was a pyrogenic substance. Jawetz et al . ( 1970) 

believes the pyrogen is released f r om leukocytes that have 

been damaged or destroyed by the endotoxin . Bee son (1947) 

found endotoxin altered the glycolytic activity of the leuko -

cytes and caused the liberation of leukocytic pyrogens . 

Braude (1964) attributes the pyrogenic effect to di r ect 

action of the endotoxin on the thermal control centers in 

the hypothalamus . He also believed the e levate d temperature 

was due to slowing o f the peripheral blood , pa rticularly 

through the skin , which did not allow excess body heat to 

dissipate through radiation . The findings in this study 

were best explained on the basis o f the pyrogen being re -

leased from damaged leukocytes , as the highest temperature 

recorded in each case coincided with the maximum leukopenia . 

The autonomic nervous system appeared t o be affected 

by endotoxin . Clinical signs of vomiting , exaggerated peri -

stalsis and profuse salivation were all s igns consistent 

with parasympathetic stimulation. These signs were present 

in all 3 e x periments , but were most severe in pigs inoculated 

with endotoxin . Coulter and Swenson (1968) mentioned emesis 

as a clinical sign in their work with pigs and endotoxins . 

The action of endotoxin on the parasympathet ic nerves is 
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not known . The endotoxin may stimulate the parasympathetic 

nerves or it may mimic their reaction . 

Cyanosis of the skin is usually described in acute sal-

monellosis of sw i ne (Jubb and Kennedy, 1970; Sorensen , 1970) . 

Cyanosis was not observed in the skins of pigs in this study , 

but they did not receive enough inoculum to result in death . 

Cyanosis of the skin is usually seen in terminal cases of 

salmonellosis , and results f r om sludging of per i phe ral blood 

and hypostatic congestion of the cutaneous vessels . Cyanosis 

is compatible with an unfavorable prognosis . Pigs which 

received live, virulent organisms were given enough of the 

inoculum to produce the desired clinical response of acute 

salmonellosis but not enough to cause death . Les ions were 

just part of this study with hematol ogic changes being the 

other part . The interests of this study were bes t se rved 

by not causing deaths and all owing the clinical course of 

the disease to be studied . 

The pigs inocul ated with live organisms were observed 

to start bleeding spontaneously from surgical wounds from 

48 to 72 hours PI . Th is time corresponded with the maximum 

effect of endotoxin resulting from inoculation with live 

organisms . Pigs inoculated with endotoxin started bleeding 

around the surgical wounds and from the anus at about 6 hour s 

PI . This time corresponded with the maximum effect of endo -

toxin in the endotoxin inoculated pigs . The clott i ng mecha -

nism of the blood was definitely affected by the endotoxin . 
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Milner et al . (1971) attributed the reduced ability of the 

blood to clot to destruction of thrombocytes . He believes 

endotoxin causes a clumping of the thrombocytes and that 

it increases their osmotic fragility resulting in a thrombo -

cytopenia . If this is true , it might appear a total thrombo -

cyte count would be benef icial to detect the presence of 

endotoxins . Thrombocyte counts were not conducted in this 

study , however , as it is very difficult to do accurate counts 

and the margin of error is quite large even with technicians 

who have a great deal of proficiency in doing these counts . 

In addition , a thrombocytopenia would not be a good point 

of differential diagnosis between salmonellosis and hog 

cholera as a thrombocytopenia is also a consistent f i ndi ng 

in hog cholera (Dunne , 1970) . In hog cholera the th r ombo -

cytes are removed from the circulating blood by adhering 

to the roughened intima of the vasculature which is a result 

of damage to the endothelial cells by the virus . 

Using clinical signs as a basis for the diagnosis o r 

for the di fferential diagnosis of acute salmonellosis would 

be very difficult . Astute observat i ons of clinical signs 

coupled with hematolog i c and pathologic changes are all 

necessary fo r the diagnosis of salmonellosis . Labor atory 

confirmation would still be necessary in most cases to con-

firm the presumptive diagnosis . 

What happens when large quantities of antibiotics are 

given to pigs with acute salmonellosis? This study proves 
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definite intensification of clinical signs when lnrge numbers 

of killed salmonellae are released into the ~eneral circula -

tion . This addit i onal stress may be sufficient to cause 

deaths in pigs that might have otherwise survived with no 

treatment . Abernathy and Spink (1958) while working with 

Brucella abortus in humans found a definite increase in tem-

perature following treatment with antibiotics . They attribu-

ted the rise in temperature to the action of endotoxin re -

leased from the killed Brucella organisms . 

The indwelling arterial catheters served thei r purpose 

very well , as handling the pigs for the blood collection s 

did not cause any sign ificant elevations of temper atures 

or other undesirable cl inical changes . The contro l animals 

did not become hyperthermic at any time during the e x peri -

ments . 

Hematology 

Erythrocyte sedimenta t ion rates have not been studied 

in porcine salmonellosis as a sequential study durin g the 

course of the disease . The ESRs are good hematologic tests 

to determine the general state of health in pigs . Er ythro -

cytes in the blood of pigs have a tendency for r ouleau forma -

tion and this fact results in a moderately fast sedimentation 

rate . The state of health of the pig affects the colloidal 

osmotic pressure exerted against the erythrocytes and the 

ESR will vary makin g it a valuable tes t in hematologic 
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studies. Schalm (1965) lists the average normals for both 

sexes of pigs of the Duroc- Jersey crossbreeds as 2 . 6 mm . of 

sedimentation of erythrocytes in 1 hour (Wintrobe method) . 

Many factors influence these determinations but mainly the 

number and maturity of erythrocytes and the buoyant density 

of the plasma . The ESR is naturally variable in pigs and 

sometimes quite high results are expected . 

The pigs in this study were not normal pigs as they were 

surgically prepared for frequent blood collections by insert-

ing indwelling arterial catheters . Following surgery the 

ESRs were elevated but decreased after a few days recovery . 

The ESRs never became stabilized to a point that no r mal values 

could be established . Each pig reacted differently to sur ge r y 

and the ESRs did not all reach the same levels prior to inocu-

lation . 

All J inoculations produced definte changes in the ESRs . 

The live and killed organisms produced changes as early as 

2 hours PI , and the values nearly doubled by 4 hours PI . 

The endotoxin inoculated pigs did not have elevated ESRs 

until 6 hours PI . The cause of this delayed response is 

not known . The endotoxin reaction evidently resulted in 

capillary plugging in the microcirculation of the parenchy-

matous organs and skin , keeping the serum and plasma p r oteins 

in suspension and maintaining constant buoyant density . 

Hemoconcentration would also keep the ESRs from increasing , 

but no evidence of this change occurred as the total erythro -
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cyte counts and the PCVs did not increase . 

facked cell volume determinations are also important 

in hematologic s tud ies to detect anemias , hemoconcentrat i ons 

and to assess the extent of damage to erythrocytes in hemo-

lytic diseases . Schalm (1965) gives the ranges of normal 

values on the sex and age of pigs used in these studies as 

a minimum of J8 and a maximum of 44 with an ave r age as 40 

volume percent . Weide and Twiehaus (1959) reported the PCV 

values on 12 con trol p i gs , from 10 to 94 days of age , with 

a range of 20 . 4 to 32 . 9 v olume percent . There is an obvious 

wide range of normals and many factors influence the so-

called normals . Factors such as breed , sex , age , state of 

h ealth , state of nutrition and many other environmental and 

physical conditions can affect PCVs . 

Pigs used in these studies had pre - inoculation PCVs 

that ranged from 27 . 0 to 40 . 0 between surgery and inocula-

tion . The PCV values varied considerably in each pig . After 

inoculation with live and killed salmonellae very little 

effect was noticed , but a large rise was detected 15 to JO 

minutes after inoculation with endotoxin . This change was 

probably due to contraction of the spleen as a result of 

endotoxin stimulat ion or sensitization to the action o f 

adrenalin . The spleen is an o rgan with conside r able smooth 

muscle contained in the capsule and interstitial trabeculae . 

Zweifach (1964) stated that endotoxin sensitizes smooth 

muscle to become hyperreactive to the effects of adr enalin . 
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The PCV values in all pigs including the controls de -

clined throughout the hematologic studies of each experiment . 

This may have been in part due t o loss of blood resulting 

from the frequent collections . On the day of inoculation 

a pre - inoculation blood sample was collected . Following 

inoculation of the pigs , blood samples were collected 7 times 

in the next 6 hours . Approximately 16 ml . of b lood was taken 

at each bleeding , amounting to 128 ml . on the f irst day . 

On subsequent days there were 2 blood collections amounting 

to 32 ml . of blood each day . This amount of blood loss was 

not excessive from an approximately 35 to 40 pound p i g , but 

certainly was enough to affect the PCV values . The results 

of the PCVs in this study did not indicate that they were 

of much importance in the diagnos is of acute salmonellosis . 

Total red blood cell counts were similar among the 

g r oups of pigs and nearly paralleled the results of the 

PCVs . Schalm (1965) listed the normal range for pigs as 

5 million erythrocytes per cmm . o f blood as a minimum to 

8 million as the maximum with an average of 6 . 5 million . 

Braude (1964) states that some 4 hours after inoculation 

with endotoxin there was generally an ou tpouring of RBCs 

into the circulation from reserve supplies throughout the 

body . This study did not disclose such an increase at any 

time postinoculation with the exception of the PCV increase 

which followed inoculation with endotoxin and caused con-

traction of the spleen . He also stated that many erythro-
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cytes are immature f orms , but in this study only a few 

nucleated erythrocytes were noted at 24 and 48 hours PT . 

Generally in an acute condition , unless there is hemol -

ysis , there are no sudden or drastic changes in the total 

erythrocyte counts because of the long life of the erythro -

cytes . Bush et al . (1955) using c14 labeling determined the 

mean life span for the erythrocytes as 62 days . Jensen et al . 

(1956) using Fe59 found the mean life span as 63 days . An in-

sult to the hematopoietic system is not evident for several 

days after injury . As with the findings in the PCVs , the 

total erythrocyte count does not appear to be important for 

the diagnosis of salmonellosis as determined by this study . 

Glutamic oxaloacetic transaminase is an enzyme present 

in most cells of the body . Serum GOT determinations are not 

o r gan specific tests to detect damage to any single organ. 

Muscle tissue is high in GOT content and serum GOT will be -

come high if there is much muscle damage . The enzyme is 

usually found intrace llular , therefore , a s i gnificant in-

crease of this enzyme in the serum is a good indication of 

cellular destruction . Serum GOT levels of activity are also 

increased in the diseases of the liver if there is much he -

patic necrosis as GOT is present in the hepatocytes in high 

levels . The SGOT determinations are not considered a speci -

fic test for liver destr uction . 

Increases in levels of activity of SGOT were apparent 

in all J experiments o f this s t udy . These determinations 
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were a good indication of tissue damage and the highest 

levels appeared to follow the maximum effects of the endo -

toxin . The effect of the endotoxin on the microcirculation 

throughout the body caused some tissue damage and resulted 

in an increase of the SGOT levels of activity. 

Lactic dehydrogenase is an enzyme that catalyzes the 

reversiole oxidation of lactic acid to pyruvic acid and is 

widely distributed in tissues of the body . In human medi -

cine , patients with myocardial infarctions o r malignant 

neoplasms have an increased amount of LDH activity . 

There are 5 known isoenzymes of LDH that have been iden-

tified by electrophoresis ; they are LD1 , LD2 , LD3 , LD4 and 

LD5 . These isoenzymes of LDH have different rates o f migra -

tion on electrophoresis , with LD1 having the highest negative 

charge and migrates the farthest toward the anode . The pur-

pose of isoenzyme studies is to identify the specific damaged 

organ or tissue . No isoenzyme studies were conducted during 

this study , but only total levels of LDH activity were deter-

mined . 

The LDH levels of activity were quite variable during 

the course of this study . Surgery for arte rial catheteriza -

tion was important to consider in pre - inoculation normal 

LDH values as considerable tissue damage caused an elevation 

of LDH activity . At the time of inoculation with the dif -

ferent inoculums the LDH activity was beginning to stabilize 

or decrease . 
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There was no sudden or drastic change detected in LDH 

activity following inoculation . The pigs inoculated with 

live organisms did not reveal significant changes in LDH 

activity until late in the course of the disease and then 

doubled their pre - inoculation values . Tissue damage appeared 

to occur after the maximum effects of endotoxin and later 

in the course of the disease . If the pigs had progressed 

to death the LDH ac tivity would probably have been signifi -

cantly higher . LDH activity could be used to determine the 

prognosis . High LDH levels of activity would ind icate much 

tissue damage and the prognosis would be unfavorable . 

When extracted endotoxin was inoculated into pigs , a 

change in LDH activity was demonstrated as early as 4 hours 

PI , and reached the highest levels between 24 and 48 hours 

PI . Very little permanent tissue damage occurred as a re -

sponse to the endotoxin . 

on the microcirculation . 

Endotoxin exerts its action mainly 

Although capillary circulation was 

impaired , extensive tissue death did not occur . 

Total white blood cell counts a re important in deter -

mining the state of health of animals . Not only is the total 

number of leukocytes important but also the cell type and 

stage of maturation . All these factors are involved in vari -

ous disease conditions . Results of this study demonstrated 

that salmonellosis produced rather characteristic hematologic 

changes . 

Following inoculation with both the live and killed 
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salmonellae , a marked leukopenia developed in the experi -

mental pigs . When endotoxln wa s inoculated , a severe leuko-

penia soon followed . As the pigs began to recover , a leuko -

cytosis was apparent . Athens et al . (1961) have done con-

siderable work on granulocyte kinetics to explain the leuko -

penia following inoculation with endotoxin . He described 

the compartmentalization of the total body granulocyte pool 

(TBGP) into 2 sub- compartments, the circulating granulocyte 

pool (CGP) and the marginal granulocytic pool (MGP) . Bac-

terial endotoxins were found to produce a shift of the cells 

from CGP to the MGP without an increase in the TBGP . Herion 

et al . (1965) found the granulocytopenia produced by endo-

toxins resulted in the granulocytes leaving the CGP and 

entering the MGP ; most did not recirculate . Mulholland and 

Cluff (1964) attributed the leukopenia to be a result of 

damage to leukocytes by endotoxin . Affected leukocytes did 

not have the ability to migrate from the MGP back into the 

CGP by diapedesis . Braude (1964) stated that granulocytes 

are the first to leave the CGP followed by a gradual decline 

in lymphocytes . As the leukocytes disappear from the blood 

they appear in increas i ng numbers in the tissues of the lungs 

and other organ s . 

In this study the leukopenia persisted for 6 to 8 hours 

after inoculation with endotox in followed by a leukocytosis . 

The endotoxin stimulated the bone marrow to start producing 

granulocytes . The mature cells held in reserves were re -
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leased into the circulation and their leavin1~ [;tlmulrtted 

the bone marrow to start producing large numbers of g r anu -

locytes which were forced into circulation before they had 

a chance to mature . The result was that most of the cir-

culating leukocytes during the leukocytosis were immature 

forms . The leukocytosis persisted for 48 to 72 hours after 

inoculation with endotoxin and then returned to normal . 

The percentage values for each cell type in normal swine 

is quite variable . The surgery for catheterization al te red 

the leukocyte counts in these animals so normal differential 

values could not be established prior to inoculation . Most 

were within the normal limits however . 

Necropsy Findings 

Gross lesions were minimal as most changes were the 

result of the endotoxin and had disappeared by the time the 

pigs were killed at the conclusion of the experiment . If 

enough pigs had been used to allow a pig to be necrops i ed 

at time sequences during the study, more definite lesions 

would probably have been encountered . 

One unfortunate sequella of equipping the pigs with 

indwelling catheters was the development of infarcts which 

occurred in the kidneys of all pigs in the project including 

controls . Numerous cortical infarcts we re present in various 

stages of development in both kidneys of all animals . Al -

though the infarcts were extensive no clinical evidence 
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of uremia was noted in any of the pigs. 

The catheters were inserted into the femoral arteries 

until the ends of the catheters were in the aorta to a point 

just posterior to the renal arteries . On necropsy the cathe -

ters were found to be almost level with the renal arteries . 

Small clots formed on the end of the catheters , dislodged 

and became emboli that occluded the arcuate arteries at the 

cortical- medullary junction of the kidneys . 

The catheters were necessary to allow for the frequent 

bleedings in sequential hematologic studies but had an ad -

verse effect by producing the renal infarcts. Damage to 

the kidney tissue probably affected some of the hematologic 

results , especially the ESR , serum enzyme activ i ties and 

possibly the total leukocyte counts . 

Microscopic lesions are more or less predictable when 

what is al ready known of the effects produced by endotoxins 

on the body are applied to the pathogenesis study . Endo -

toxins , regardless from what Gram - negative bacteria they 

are extracted and into what species of an i mals they are in-

oculated , react essentially in the same characte r istic man -

ner . Unlike other bacterial toxins , ext r acts o f Gr am- negative 

organisms do not appear to be directly cytopathogenic . 

Braude (1964) stated the mode of action by endotoxins inside 

the body is still largely a mystery , and for this reason 

it is an extremely fascinating , and currently one of the most 

interesting fi elds of research in bacteriology and of medicine 
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in general . 

I n this study a single inoculation of endotoxin was 

used to avoid producing lesions of the generalized Schwartz-

man reaction (GSR) , and to produce lesions that would occur 

most likely in natural clinical infections. It was unfor-

tunate that the kidneys were so extensively damaged by in-

farcts that the lesions of GSR could not have been observed 

even if present in histopatho l ogic sections . The i nfarcts 

masked any lesion s that might have been pr odu ced by a single 

injection of the inoculum in each experiment . The kidney 

changes we r e generally disregarded in th is study . Thomas 

and Good (1952) and Brunson et al . (1955) all agree that a 

single injection of endotoxin usually does not produce renal 

cortical necrosis in normal animals , regar dless of the dos -

ages . 

Zweifach (1964) wo rking on the pathogenesis of endo -

tox ins attributed the ma in acti on to be against the vascula-

ture of the body . Following inoculation with endotoxin there 

was a gradual slowing of the flow of blood through the micro -

c ircula t ion , espec ially through the efferent venules . The 

muscul ar vessels became ve ry r esponsive to the constrictor 

action of adrenalin . This hyperactivity persisted for JO 

to 60 mi nutes and involved both the arterial and venular 

s ide of the circulation . The peak of hype rac tivity was 

reached in 10 minutes in the a rterioles and precapillari es 

then slowly decl ined . The venules continued to have an 
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exaggerated response for an hour o r more . He d id n o t believe 

the vascular endothelium was damaged or that the capillnry 

permeability was affected . Later , Gaynor et al . (1970) f ound 

that endotoxin entered the endothelia l cells and many detached 

l eaving exposed basement membranes . Using e l ec tron micr os c opy 

it was determined that small microthrombi origina ted from 

the damaged endothelial lining of the vessels . This also 

explained the thrombocytopenia which occurred when the 

platelets clumped to these microlesions . Endothelial cells 

were actually demonstrated in the circulating blood by spe -

cial techniques . 

Histopa thologic changes observed in the lungs of the 

experimental pigs were r ather consistent with a ll J forms 

o f inoculation . Lesions in the lungs from animals inocula ted 

with l ive organisms were most obvious apparently because 

they had more time t o form and persisted until the necropsy . 

The lesions were mainly interstitial hemorrhages as a resul t 

o f vascular damage . Erythrocytes were also present in the 

alveolar lumina . Jubb and Kennedy (1970) described more pul -

monary edema than was observed in t hese animals . No edema -

tous fl uid was present in the alveolar lumina . There was 

c onsiderable cellular infiltration into the interstitial 

spaces with mononuclear leukocyte s , plasma cells and a few 

neutrophils . Vascular damage was evident in the very ter-

minal vascular bed . There appeared t o be 2 types of occluded 

capillaries , one type was occluded with leukocytes and the 
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other was occluded with leukocytes a nd hypertrophied endo-

thelial cell s lining the capillaries . 

Th e pulmonary clinical signs produced in the endo toxin 

inoculated pigs were the most severe , however , lesions were 

absent at n ecropsy. Probably most of the damage was rever -

sible and had disappeared by the time euthanasia of the pigs 

occurred . Dade (1966 ) found that intravenous inoculation 

of bacterial endotoxins into swine produced many intravas -

cular thrombi in the lungs but rarely did they result in 

necrosis . Lawson and Dow (1966) while wo r king with field 

cases of salmonellosis in swine found pulmonary lesions 

present in varying degrees of severity in almost every case . 

Hemorrhages were the most constant finding and ranged from 

scattered petechiae involving a few alveoli t o diffuse hemor-

rhages of lobular extent . They believed the lesions were 

due to vascular damage at the capil l ary level . They also 

described the infiltrating cells as primarily mononuclear 

cells and stated that neutrophils were rare . These findings 

were in agreement with the description presented by Jubb and 

Kennedy ( 1970) . Nordstoga (1970) described lung lesions 

observed microscopically after inoculation of s . choleraesuis 

var . kun z endorf in experimental p igs as edema of the alveolar 

walls which were also thickened because infiltrations of 

mononuclear cells . He also found fibrin thromb i in the al -

ve ola r capillaries . The lung lesions in this study es sen-

tially agreed with the findings of other workers who have 
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experimented with salmonellosis or endotoxins (Dade , 1966 ; 

Lawson and Dow , 1966; Nor dstoga , 1970; Jubb and Kennedy , 

19 70) . 
The liver lesions were very interesting in this experi -

mental study. The livers of the pigs inoculated with the 

live organisms had marked focal necrotic areas known as 

" typhoid nodules". Grossly the livers were mottled and had 

2- J mm . sized focal areas of necrosis . Jubb and Kennedy 

(1970) described the formation of the liver lesions very 

clearly . The endotoxin was known to have entered the Kupffer 

cells and othe r cells of the reticuloendothelial system . 

The Kupffer cells hypertrophied and histocytic granulomas 

developed, crowding the surrounding hepat i c cord cells until 

a focal area of coagulative necrosis developed . These le -

sions were essentially acellular and there was no attempt 

at encapsulation . These lesions were present in the endo -

tox in inoculated pigs as well as in the ones that received 

the l ive organisms in this study . When killed bacterial 

cell suspension was inoculated the liver lesions were not 

obs erved . The Kupffer cells were hypertrophied but there 

was no evidence of coagulation necrosis in these pigs . The 

cytoplasm of the hepatocytes was very foamy in appearance 

and the sinusoids were almost undetectable . The liver le -

sions in the endotoxin inoculated pigs were few in numbers 

as compared to the ones that occurred in the pigs that re -

ceived the live organisms . The cord cells in the livers 
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of pigs which received the live organisms and the endotoxin 

were shrunken and appeared to have lost their store of glyco -

gen . ~ndotoxin definitely interferes with glycolysis . 

Milner et al . (1971) found the level of b l ood sugar to begin 

rising shortly after the intravenous administration of endo -

toxin and reached a maximum, which may be several times the 

normal level, within 2 hours PI . Thereafter , the level de -

clined and a hypoglycemia ensued , which may be profound in 

shocked animals . 

Holmes and Smith (1969) reported PAS positive inclusion 

bodies in the hepatic cytoplasm of dogs a nd rats after ino cu -

lation with endotoxin . The inclusions were attributed to 

hepatic injury associated with endotoxin possibly due to 

hypoxia and congestion . No such inclusion bodies were demon-

strated in this study . 

Similar microscop ic changes were present in the spleen 

regardless of type o f inoculum . The main change was a 

diffuse reticuloendothelial lymphoid hyperplasia . Jubb and 

Kennedy (1970) described an enlarged spleen with a bluish 

discoloration as being typical of salmonellosis in swine , 

but this was not observed in this study . The spleens in all 

pigs in this study , including the controls , were relatively 

normal in both gross and microscopic appearance . 

Many workers have described heart lesions in animals 

inoculated with salmonellae (Jubb and Kennedy , 1970 ; Seghetti , 

1946 : Sorensen , 1970) . No evidence of cardiac involvement 
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was noted i n th i s study other than one endotox i n inoculated 

p i g wh i ch had an endocar ditis on mi c r oscopic e xamina t ion . 

The myocardium was not involved , only the endothelium . A 

Streptococcus ~· was isolated from the heart tissues in 

this case . These findings appear to be of incidental sig-

n i f i cance and the portal of entry for the bacteria was prob-

ably through the catheter system . 

The brains , spinal cords , and meninges were thorou ghl y 

exam i ned and no lesions were demonstrated in any of the ex -

per i mental pigs . This fact was surprising as cellul ar i nfil -

t r ations of the vascul atu re of the meninges have been de -

sc r ibed by others (Jubb and Kennedy , 1970 ; Sorensen , 1970) . 

Meningeal lesions must develop in the final stages of the 

d isease or be r eversible and disappear as the animal s r e -

cov er . None of the experimental pigs died during this study , 

the r e f ore , i t is not known if these lesions would be present 

in t erminal case s of acute salmonel l osis . 
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SUMMARY 

The objective of this study wa s to dete r mine the r ole 

of endotoxin extracted from s . chol e r aesuis va r . kunzendorf 

in t he clinica l , h ematologic, a n d pathol ogi c manifestations 

of acute salmonellosis . 

Live salmonellae , killed s a lmon e lla e a n d extracted 

endotoxin were inoculated into 3 different groups of pigs 

which were surgically prepared with indwelling vinyl cathe -

ters. The catheters were inserted into the femoral arteries 

and were necessary for the frequent blood collection regimen . 

Control pigs were catheterized and subjected to identical 

procedures as the experimental pigs. 

Clinical similarities included elevated temperatures , 

vomiting , transient diarrhea followed by const i pation , de -

pression, spontaneous bleeding and profuse salivation . The 

effect of endotoxin was definitely pyrogenic . It also af-

fected the parasympathetic side o f the autonomic nervous 

system , and had a marked effect on the clotting ability of 

the blood . Large doses of endotoxin often resulted in shock . 

The hematologic changes were studied and characte r ized . 

The inject i on of endotoxin resulted in increases in the ESRs . 

The PCV val ues and TRBC counts were not significantly altered . 

Se r um enzyme studies revealed increased levels of activity 

of both SGOT and LDH . The main effects of endotoxin were 

on the TWBC counts and differential leukocyte counts . A 
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severe leukopenia was produced in the early stages following 

injection with endotoxin . The TWBC counts of approximately 

15,000 cells/cmm . of b lood decreased to approximately 1,000 

cells/cmm . by the 4th hour PI . Differential leukocyte counts 

revealed segmented neutrophils to be almost totally driven 

from the ma in stream of the circulation . A leukocytos is 

was evident 24 hours PI , with the TWBC count elevated 3 to 

4 times pre- inoculation values . Immature cells of the neu-

trophilic granulocytic series predominated during the leuko -

cytos is . 

Lesions were similar in all pigs although each group 

rece ived a different form of the inoculum . Characteristic 

" typhoid nodules " were found in the endotoxin injected pigs 

as well as in the ones that received live salmonellae . A 

diffuse reticuloendothel i al cellular hyperplasia was a con-

sistent finding i n the spleens . The lungs had foci of cellu-

lar infiltration s associated with damaged alveolar capillar-

ies . Some capillaries were actually occluded with neutro -

phils , lymphocytes and hypertrophied endothelial cells of 

the capillaries . The lung lesions persisted for some time 

after the pigs began to recover . 

No lesions were noted in the central nervous system . 

No intestinal damage was demonstrated in the acute form of 

salmonellosis . 

Only single doses of organisms and endotoxin were given 

to avoid the production of lesions associated with the gen-
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eralized Schwartzman reaction , which would complicate the 

findings of simulated field cases o f acute salmonel losis . 
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