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Vascular changes compatible to the vascular lesions accom
panying the generalized Shwartzman reaction (GSR) occur rela
tively often in pigs in association with acute septicemic infec
tions caused by Salmonella cholerae-suis (Lawson & Dow 1964, 
1966, Nordstoga 1968, Nordstoga 1970), and GSR, including bi
lateral cortical necrosis (BCN) has also been induced in rabbits 
by intravenous injections of endotoxin derived from this microbe 
(Lawson & Dow 1964). The present experiment shows that BCN 
can also be provoked in pigs in a similar way. 

MATERIAL AND METHODS 
The Salmonella strain used in this experiment was the same 

as that used in a previous experiment (Nordstoga 1970). The 
bacteria were inoculated in 12 flasks containing 100 ml 3 % 
nutrient agar and 50 ml saline. Incubation was carried out in a 
shaker (150 rev./min.) at 30°C for 24 hrs. The contents of the 
flasks were centrifuged (10,000 X g for 20 min.), the sedimented 
bacteria washed twice in saline and resuspended in saline to a 
volume of 31 ml. By the plate count method carried out on the 
surface of blood agar the suspension was found to contain 
24X108 living bacteria/ml. Thirty ml of this suspension were 
frozen at -20°C in an X-Press (AB BIOX, Nacka 2, Sweden) and 
the cells disintegrated by pressing them three times through a 
hole having a diameter of 2.5 mm. The suspension was diluted 
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in saline to 50 ml, merthiolate added to a concentration of 
1: 10,000 and stored at 4°C. Ten days later samples taken from 
the suspension were inoculated on nutrient agar and nutrient 
broth and incubated for 48 hrs. at 37°C. No growth occurred. 

Three pigs, each weighing approximately 15 kg, received 4 ml 
of the suspension intravenously. Twenty-four hrs. later another 
dose (5 mO was intravenously administered to all the animals, 
and on the following day ( 48 hrs. after the first infus,ion) pigs 1 
and 2 received 10 ml of the same material intravenously. Twenty
four hrs. later the pigs were killed with intravenous injections of 
mebumal and necropsied immediately. Pieces of tissue were fixed 
in 10 % neutral formalin, embedded in paraffin, sections cut at 
about 5 µ and stained with hematoxylin and eosin (HE), phos
photungstic acid hematoxylin (PTAH) and Lendrum's acid 
picro-Mallory method. 

RESULTS 
Half an hour after the first injection all animals showed 

moderate dyspnea and a few hours later a slight diarrhea oc
curred. After the second injection pig 1 became cyanotic on the 
tail and on the skin adjacent to the base of the tail. All animals 
were in good general condition at this time. After the third in
fusion the cyanosis on the tail of pig 1 increased in intensity, 
and the animal revealed signs of posterior weakness. 

Gross lesions 
Pig 1. This animal had considerably enlarged kidneys with 

hemorrhagic and completely necrotic cortices (Figs. 1-2). The 
cortical tissue was extremely friable and the capsule was almost 
entirely loosened from the external surface. Great blood extra
Yasations occurred around the kidneys, and the renal lymph 
nodes were considerably enlarged and hemorrhagic. The bron
chial lymph nodes, too, were large and hemorrhagic, whereas no 
macroscopic lesions were visible in the pulmonary tissue. 

Pig 2. This animal had pale and somewhat enlarged kidneys 
and the inner part of the cortical layer appeared severely de
generated, or almost necrotic on the cut surface. This pig had 
also circumscribed hyperemic spots on the lungs, otherwise no 
macroscopic lesions occurred in any organ. 

Pig 3. Necropsy did not reveal any gross changes in this pig. 
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F i g u r e 1. A: Renal cortical necrosis. Case l. B: Kidney of normal 
pig of the same size. 

Microscopic lesions 

Pig 1. Renal sections revealed extentive parenchymal de
struction with complete cortical necrosis, also partly including 
the juxtamedullary portion, and widespread extravasations of 
erythrocytes. In HE-stained sections the glomeruli were scarcely 
visible as pale, necrotic structures. Sections stained for fibrin 
exhibited fibrin thrombi in glomerular capillaries, afferent ar
terioles and interlobular arteries (Fig. 3). In the greater vessels 
the vascular damage also included fibrinoid necrosis of the 
vascular walls (Fig. 4). Occasionally, fibrin thrombi were also 
noted in intertubular capillaries. \Vithin some areas the necrotic 
renal parenchyma was penetrated by a network of fibrin threads. 
In the juxtamedullary zone the glomeruli were somewhat less 
damaged, but in this location, too, fibrin thrombi occurred in the 
capillary loops. In relatively isolated areas considerable calci
fication was observed in glomeruli as well as in necrotic tubules, 
and cast formation was noted throughout the necrotic cortex. 
The casts were composed of desquamated epithelial cells, partly 
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Fi g u re 2. Cut surface of the same kidney as shown in Fig. 1 A; 
completely necrotic and hemorrhagic cortical layer. 

destroyed red blood cells, polymorphonuclear leucocytes and 
fibrin. Excessive hemorrhages and incipient necrotic changes 
with the presence of a few inflammatory cells, including some 
eosinophils, were demonstrated in the renal lymph nodes. Dis
sociation of the parenchymal cells and slight hyperplasia of the 
reticulo-endothelial cells were found in hepatic sections together 
with minor cellular infiltrations in the periportal spaces (mono
nuclear cells and some eosinophils). In the lungs, the inter
alveolar septa appeared thickened, and, to a less extent, they 
were also infiltrated by large, mononuclear cells. Inside the 
areas where these changes were most evident hemorrhages into 
alveoli occurred; in some alveoli a fibrinous material and macro
phages desquamated from the lining epithelium could also be 
demonstrated. Sections from the bronchial lymph nodes revealed 
changes similar to those in the renal nodes, though less pro
nounced. Fibrin thrombi were found in vessels from the skin of 
the tail (Fig. 5), in meninges of the ,posterior part of the spinal 
cord, and in the caudal spinal nerve roots. 

Pig 2. Renal specimens revealed extensive tubular damage 
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Figure 3. Kidney. Fibrin thrombi in glomerular capillary loops 
and afferent vessels; necrotic tubular epithelium. Case 1. PTAH, x 114. 

F i g u r e 4. Interlobular renal artery with fibrinoid necrosis of the 
wall. Case 1. Lendrum's acid picro-Mallory method, x 114. 



F i g u r e 5. Skin 
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in vessels in corium (ar
X 114. 

in the inner portion of cortex where the epithelium in circum
scribed areas was completely necrotic. In the same areas minor 
casts occurred, the casts consisting of partly decomposed red 
blood cells as well as of other cells with a marked preponderance 
of polymorphonuclear leucocytes. In the interstitium as well, 
there were minor cellular accumulations, consisting almost 
exclusively of mononuclear cells. In some degenerated tubules 
precipitation of calcium occurred. Glomeruli appeared normal, 
and thrombosed vessels were not observed in the kidneys. In 
the lungs, a picture was found somewhat similar to case 1, 
whereas preparations from other organs did not reveal any 
changes. 

Pig 3. This animal did not show microscopic lesions in any 
organ. 

DISCUSSION 
The classic changes of GSR, including BCN, which is regarded 

as the hallmark of GSR (Thomas 1959), may be produced in 



376 K. Nordstoga & M. Fjolstad 

:iiabbi1ts by two properly spaced intravenous injections of endo
toxins derived from Gram-negative organisms. The optimal in
terval is about 24 hrs. However, approximately 40 % of rabbits 
submitted to such a treatment fail to develop GSR (McKay 1965). 
It has also been demonstrated that two subsequent injections 
of disintegrated cells of Haemophilus parainfluenzae may elicit 
GSR in pigs (Nordstoga & Fjolstad 1967a). The present experi
ment shows that intravenous injections of disintegrated cells 
of S. cholerae-suis, too, are capable of provoking GSR in pig. 
Certainly, our material is scanty, and three subsequent in
fusions were used, but there is no reason for assuming that 
mechanisms other than GSR were involved. Pigs 1 and 2 tolerated 
remarkably great amounts of endotoxin in the third injection, 
without lethal effect, but it must be remembered that a small 
dose of endotoxin may render experimental animals resistant 
to lethal dosages of endotoxin in 24 hrs. (Bert6k & Berczi, cited 
by Bert6k 1968). Thus, their susceptibility may have been re
duced by the previous injeotions. The eruption of GSR is ap
parently dependent on an added effect of the fi.rst ("prepara
tory") and the second ("provbking") dose of endotoxin, during 
increasing impainnent of the r.eticulo-endothelial system, and 
if insufficient amounts are given, it is not surprising that a 
third injection can elicit GSR, provided that complete resistance 
has not already been acquired. It is clear from experimental 
studies that considerable individual differences exist as to the 
susceptibility to GSR, and that young rabbits are more sensitive 
to GSR than adult animals. We have, therefore, not made any 
attempt to determine the incidence of GSR in pigs, since this, 
in our opinion, would be almost purposeless without application 
of varying doses of endotoxin to a great number of experimental 
pigs of various ages. Furthermore, in many experimental situa
tions, one cannot quite neglect a possible participation of "endo
genous" endotoxin. The present authors have considered a simi
lar possibility in a few porcine cases of spontaneous hemophilic 
infections which were .accompanied by GSR, but where also 
hemolytic strains of Escherichia coli were recovered from the 
jejunum (Nordstoga & Fjolstad 1967b). 

The severe acute renal injury pbserved in case 2 cannot de
finitively be interpreted as caused by endotoxin, but it seems 
possible that these changes, too, were related to endotoxin aetion 
since such lesions are otherwise rare in pigs, and since endo-
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and prior to the development of the generalized cyanosis, the 
ears of the experimental pigs were cyanotic and thickened, and 
in this phase of experimentation there was great resemblance 
between these pigs and those which developed GSR after intra
venous administration of disintegrated hemophilic cells (Nord
stoga & Fjolstad 1967a). At present, however, sufficient evidence 
is not available to explain these phenomena. 

Intestinal changes are characteristic findings in prolonged 
cases of S. cholerae-suis infection (Jubb & Kennedy, Lawson & 
Dow 1966), but such lesions were not found in the present experi
ment. This question will be discussed in more detail in a subse
quent paper (Nordstoga & Fjolstad 1970). 
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