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INTRODUCTION 

Hog cholera is a common disease of swine, affecting pigs 

of all ages, breeds and sexes. The disease is infectious, 

highly contagious, and generally fatal. It is characterized 

clinically by anorexia, fever, and extreme debility. Lesions 

commonly observed at necropsy include petechial and ecchymotic 

hemorrhages, hyperemia and infarction. Hog cholera was appar

ently first recognized as an important disease around I83O 

in the states of Ohio and Indiana. In 1903 a virus was shown 

to be the etiologic agent of hog cholera. Recently, numerous 

outbreaks of the disease have been caused by viruses of low 

and moderate virulence. 

Leukopenia has been considered one of the most reliable 

criteria available for the diagnosis of hog cholera during 

the past 50 years. However, the exact cause of the reduction 

of white blood cell numbers has remained a mystery. Anemia 

in varying degrees of severity has also been described during 

field outbreaks of hog cholera and no explanation of the mech

anism producing this change is known. Even though anemia and 

leukopenia are salient questions in the practical problem of 

diagnosing hog cholera, there has been little study on the 

basic pathogenetic mechanism of hog cholera in the swine 

hemopoietic organs. 

It was the purpose of this research to investigate the 

pathogenesis of hog cholera in the hemopoietic organs of pigs 
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infected with 2 strains of hog cholera virus. This was an 

attempt to understand the fundamental mechanisms responsible 

for the changes produced by hog cholera in the peripheral 

blood of infected animals. It is believed that knowledge 

from this study will contribute to a more complete under

standing of the mechanism of this disease of swine. 
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REVIEW OP THE LITERATURE 

Early History of Hog Cholera 

Hog cholera (HC) was unknown 150 years ago, yet no other 

disease of swine has produced such a high mortality or has 

been so dreaded. Losses to the American livestock industry 

from this disease during the period from 1914 to 1924 were 

estimated at 415 million dollars (Atherton, I923). In 1950 

the annual loss was placed at between 30 and 40 million dol

lars (Quin, 1950). More recently Mulhern (196I) appraised 

the average yearly cost of the disease at between 4o to 60 

million dollars. 

In this review only the hematologic and some related 

changes observed in the blood and other tissues of swine in

fected with HC virus (HCV) will be considered. For a more 

comprehensive review and discussion the work of Dunne (1964a) 

should be consulted. 

Hanson (1957) published a critical review of the earliest 

reports of HC In the United States. He concluded from these 

reports that HC was first recognized in an area which can be 

encompassed by a circle with a radius of 200 miles, having 

its center in Clay County, Tennessee. This Includes most of 

Kentucky, Tennessee, areas of Indiana, Alabama, Georgia and 

North Carolina. Hanson further concluded that the acute 

disease was recognized in Kentucky, Tennessee and Indiana 

during the early 1840's, but the virus may have existed in 
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Kernkamp (1961) also reviewed early reports of HC in the 

United States and summarized early research work on the 

disease. 

Most early workers attributed the disease to an infec

tious agent but were less certain as to the exact nature of 

the causative agent. Salmon and Smith (1886) carried out 

extensive experiments in an effort to determine the etiology 

of HC. During these investigations Salmon isolated a bac

terium, the genus of which was later named for him, which 

he considered to be the cause of the disease. It remained 

for DeSchweinltz and Dorset (1903) to discover that a virus 

was the cause of HC. The discovery of the viral etiology 

of HC established an unequivocal basis for the diagnosis of 

the disease. However the impracticality of withholding a 

diagnosis until proof of the presence of the virus in fil

tered blood or other tissue had been confirmed by inoculation 

of susceptible swine, made it imperative that other diagnostic 

criteria be developed. 

Early Hematologic Studies 

During a study of the effect of HCV on the cellular mor

phology of horse and pig blood. King and Wilson (1910) ob

served a number of interesting changes. No significant effect 

of the virus on horse blood was apparent. In the blood of 

HC infected pigs the number of erythrocytes and amount of 
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hemoglobin were decreased. The anemic condition became In

creasingly severe as the disease progressed. When compared 

with blood from normal swine, blood from HC Infected pigs 

was leukopenic, with an average decrease of 000 leukocytes 

per cu. mm. A relative reduction of some types of leukocytes 

as shown by differential white blood cell (WBC) counts In

volved a decrease of 4 percent of the lymphocytes, ̂  percent 

of the polymorphonuclear neutrophils and 0.1 percent of the 

polymorphonuclear eosinophils. They reported an average In

crease of 4.8 percent of the large mononuclear cells, 2.8 

percent of the basophils and 0.8 percent of the transitional 

forms. 

Lewis e_t (1914) reported a reduction in red and white 

cell numbers and hemoglobin values in the blood of swine in

fected with HCV. They mentioned that not all cases manifested 

these changes to the same extent but there was a general tend

ency toward a reduction in total red blood cell (TRBC) number 

and the amount of hemoglobin present. A lowering of the total 

white blood count (TWBC) numbers also occurred; however, this 

change was not as uniformly present as the two aforementioned 

changes. These workers described 2 forms of HC, an acute 

disease which produced death within a few hours to a few days 

and a chronic form which was a much less severe form of the 

disease. The severity of the infection was reflected in the 

degree of depression of the red and white blood cell numbers 

and hemoglobin values. Analysis of urine from infected pigs 
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failed to detect any significant deviations from normal values. 

Dinwiddie (19l4) reported the results of an intensive 

study of the morphology of the blood cells from 18 normal and 

24 HCV infected pigs. After carefully reviewing the descrip

tion of the red blood cell (RBC) inclusions observed in blood 

from some of the infected animals, it seems probable to me 

that some of the animals were concurrently infected with por

cine eperythrozoonosis. The report lists the following as 

normal values for the 18 normal young swine. Total RBC num

bers averaged between 7 to 9 million per cu. mm., while TWBC 

numbers averaged between 7 to 12 thousand per cu. mm. The 

presence of 2 types of lymphocytes in the swine blood was 

also reported. Difficulties were encountered in attempting 

to classify the WBC*s from HCV infected animals on their mor

phologic characteristics. The most obvious changes detected 

in the blood of the HCV infected pigs were demonstrable at 

the onset of the disease. He further remarked that the leuko

penia was so pronounced that one could readily observe the 

scarcity of leukocytes when examining a stained blood smear 

even before a count was made. In some cases a decrease of 

mature but increase of immature neutrophils occurred. Other 

infected animals manifested a marked polymorphoneuclear leuko

cytosis which was due to some inflammatory complication which 

most commonly was pleurisy or pneumonia. An absence of uni

formity in the changes in the differential WBC count was also 

discussed. A moderately rapid diminution in TRBC numbers was 
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also described but was not considered to be an outstanding 

feature of the disease. Immature erythrocytes generally in

creased in numbers after infection, particularly if the case 

of HC was of long duration. 

In Germany. Regner (1923) attempted to differentiate 

hog cholera, swine plague and swine erysipelas by means of 

the blood picture produced in each disease. He described a 

rapidly occurring leukopenia in acute hog cholera with a rel

ative lymphocytosis of about 75 percent but no change in RBC 

numbers. Eosinophils were absent from the smears of peri

pheral blood. Erysipelas produced a marked increase in nucle

ated red blood cells, a leukocytosis and a normal neutrophil-

lymphocyte ratio. Cases of chronic hog cholera and mixed 

infections of swine plague and hog cholera, manifested leuko

penia and a relative increase in lymphocytes. Pure infections 

of swine plague (bronchopneumonia) resulted in a leukocytosis 

with a relative neutrophilia. Eosinophils and basophils were 

absent from peripheral blood smears collected from cases of 

both diseases. 

Lewis and Shope (1929a, 1929b) demonstrated in their 

study of blood from swine infected with HCV that the route 

of inoculation and amount of virus injected did not materially 

affect the resulting blood cell alterations. All 6 pigs 

studied showed a moderate, progressive anemia. Attempts 

by the hemopoietic systems of the animals to compensate for 

the anemia were detected by the showers of nucleated RBC*s 
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In the peripheral blood during the early stages of the dis

ease. A profound leukopenia was evident in all of the animals 

and most pronounced in 5 of the 6 animals as early as 48 hours 

after infection. The leukopenia in these 5 animals preceded 

any clinical manifestation of the disease, including a rise 

in temperature. By the time the temperature elevation did 

occur, TWBC counts ranging from 2,000 to 4,000 per cu. mm. 

were recorded. If the animals lived long enough, these ex

treme leukopenias persisted from 8-13 days at which time the 

leukocyte counts rose to somewhat higher levels. At no time 

did the TWBC counts reach normal levels. Study of stained 

blood films Indicated that the polymorphonuclear neutrophilic 

leukocytes were the most severely affected, however cells of 

the lymphocytic series were also involved. These same workers, 

using blood supravitally stained with neutral red and Janus 

green, demonstrated that differential counts on fixed blood 

smears do not truly represent the actual hematologic picture. 

Blood which showed no polymorphonuclear neutrophils and 

eosinophils in fixed preparations, when supravitally stained, 

often contained these cell types which were very badly dam

aged, much vaculoated and apparently very fragile. Blood from 

early cases of HC, when incubated for 7 hours at 37 C with 

heparin as the anticoagulant, was characterized by a further 

reduction in TWBC numbers. Blood changes in swine infected 

by HCV from 5 different farm herds were also studied. The 

results confirmed that the experimentally induced and natural
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ally similar in all characteristics studied. The effect on 

the WBC count in pigs was studied in hemorrhagic septicemia, 

acute Infectious enteritis, swine influenza, porcine ascari-

asis and a posterior paralysis of unknown mse. All of 

the diseases, with the exception of swine influenza, pro

duced £ leukocytosis of varying degree and duration. In pigs 

infected with swine influenza, a slight to moderate leukopenia 

was evident. In only 2 of the 25 cases of swine influenza, 

were the counts low enough to have been confused with EC. 

The authors concluded that a leukocyte count of 8,000 WBC*s 

per cu. mm. or less in 3 sick pigs in a herd are reliable 

indicators that the condition in the herd is HC. 

Specific Hematologic Examinations 

Total white blood cell count 

The leukocyte response in pigs immunized by the virus 

and serum, or the simultaneous method of HC immunization, has 

been the subject of several studies. Lewis and Shope (1929a) 

stated that the so-called double treatment to hogs does not 

produce a leukopenia; however, several reports presenting 

conflicting data have been published. Cahlll (1929) reported 

that 2 healthy pigs given the simultaneous treatment had TWBC 

counts of 7»300 and 4,400 per cu. mm. the following day. 

After 24 hours the decrease stopped and a gradual leukocytosis 

occurred until the eighth day, when both animals had counts 
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of 14,000 WBC per cu. mm. Cole (1932) studied 28 simultan

eously treated pigs and observed a distinct, although transi

tory, leukopenia following the treatment. Leukopenia was 

followed, in many cases, by a leukocytosis. The severity 

of the leukopenia was to a certain extent related to the dose 

of serum, the leukopenia being more severe in the animals 

receiving the smaller doses of serum. A transitory leukopenia 

following vaccination with lapinized HCV vaccines without 

anti-HCV serum has been observed and reported by Weide and 

Twiehaus (1959). Workers in Yugoslavia (Lolin, 1957) reported 

on blood values in 30 pigs, 6 to 8 months of age, which had 

been vaccinated at various intervals with 5 Ml* of crystal 

violet swine vaccine. No changes In total numbers of WBC*s 

and EEC's were observed; however, an increase in percentage 

of large lymphocytes and reduction in neutrophils was de

scribed. Russian workers (Konopatkin, 1969) describing re

sults of a combined vaccine for use against hog cholera and 

erysipelas reported that the erysipelas vaccine Induced leuko

cytosis, while leukopenia was present in animals immunized 

against swine fever with 2.0 ml. of a 1:100 strain "K" line 

swine fever vaccine. Neither effect was seen in pigs given 

the combined vaccine. Polish workers (Maciak, 1969) have 

confirmed the report of Weide and Twiehaus (1959) that vac

cination of pigs with lapinized HC vaccines produced leuko

penia and eosinopenla. 

Dinwiddle (1914) reported that occasionally animals 
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affected with HC manifested a marked polymorphonuclear leuko

cytosis due to some Inflammatory condition such as pneumonia 

or pleurisy. The observation was not supported by the work 

of Lewis and Shope (1929a) who Inoculated 2 pigs, which had 

been Infected with HCV 7 days previously, with Bacillus 

sulseptlcus. Not only was a leukocytosis absent but the 

Immediate reaction was a more profound leukopenia. Cahlll 

(1929) also Investigated this problem by infecting 2 pigs 

each with Bacillus paratyphosus and the buffalo strain of 

the hemorrhagic septicemia organism. An acute response char

acterized by marked leukopenia followed by a leukocytosis 

in 3 of the 4 pigs was followed by a leukopenia which per

sisted until death. Kernkamp (1939) described a series of 

67 pigs which had developed HC under field conditions. In

flammatory lesions were present in 4-3 of the animals. The 

average total WBC count among the 4-3 pigs was 7,170 while 

that of the entire 6? was 8,44o cells per cu. mm. of blood. 

Three of the 24 remaining pigs were heavily infested with 

ascarlds and had TWBC counts of 62,660, 44,440 and 23,300. 

Sippel (1952) reported on leukocyte counts made on 42 cases 

diagnosed as swine influenza or pneumonia, 21 cases of swine 

erysipelas and 3I cases of salmonellosis. None of the total 

leukocyte counts were below 10,000 WBC per cu. mm. Dunne 

(1963, 1964a) analyzed the results of leukocyte counts made 

on 1,671 normal swine 6 to 12 weeks of age. In this group 

3.5 percent of the counts were over 40,000 WBC per cu. mm. 
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and 0.6 percent were under 10,000. The normal range was con

sidered to be 10,000 to 40,000 with the mean at 21,000 WBC 

per cu. mm. In pigs 6 weeks of age or older, he considered 

TWBC counts lower than 10,000 as definitely leukopenic and 

counts of 10,000 to 13,000 as suspicious of HC. During ex

amination of pigs infected for various lengths of time with 

HC, 2,500 leukocyte counts were made and Dunne (I963) reported 

more than 53 percent were below 10,000. Analysis of 753 

leukocyte counts made on pigs shortly before death from hog 

cholera indicated that 50 percent of them were below 11,000. 

Weide and Twièhaus (1959) published a useful summary of early 

work on the TWBC, TRBC and differential WBC values of swine 

blood. 

The leukopenia produced by HCV is the most widely recog

nized and utilized for diagnostic purposes of the hematologic 

alterations observed in HC, however several others have been 

studied. These Include changes In the erythrocyte sedimenta

tion rate (ESR), packed cell volume (PCV), hemoglobin (Hgb), 

TRBC, differential WBC, bone marrow, and serum proteins. 

Erythrocyte sedimentation rate 

Although blood changes produced by HCV have been studied 

since 1910 (King and Wilson, 1910), Lewis and Shope (1929a, 

1929b) were the first to comment on the rapid separation of 

corpuscles and plasma when blood, from febrile pigs affected 

with HC, was allowed to stand. Kernkamp (1939) reported on 
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the ESR, measured by the Wlntrobe (1935) method, of 36 HCV 

infected pigs. He found an Increase from a normal of 4 mm. 

per hour to 41.? mm. per hour on the eighth day postinfection. 

He concluded that the ESR increased as the disease progressed. 

Bunce (195̂ ) measured the ESR of 6 normal pigs by the Wintrobe 

method, and reported an average rate of less than 1 mm. at 1 

hour, between 2.25 and 8 mm. at 8 hours and between 5*0 and 

11 mm. at 24 hours. Coffin (19̂ 5) and Dukes (1955) both re

ported the ESR of normal swine as between 1 to l4 mm. per 

hour. Sippel (1952), in a study of methods used for the diag

nosis of hog cholera, remarked that although the rate was 

increased in blood from HC affected animals the test was not 

reliable or sufficiently definitive. Later Sippel (1958) 

reported that hog cholera, pneumonia and eperythrozoonosis 

consistently produced rapid erythrocyte sedimentation rates 

in swine. Albritton (1952) published ESR values for adult 

swine of 3 to 8 mm. per hour. Weide and Twiehaus (1959) 

determined the ESR of normal, ascarid infected and HC vac

cinated pigs by the Wintrobe method. Sedimentation rates 

in the normal animals varied from 0.28 mm. to 2.64 mm. per 

hour. The rates increased slowly in the ascarid infected 

pigs. Vaccination with lapinized HC vaccine and challenge 

of both vaccinated and control animals increased the ESR. 

The Increase after immunization was greater than that follow

ing challenge. Schalm (1965) reported ESR's for normal Duroc-

Jersey crossbred swine. Animals 3 to 4 months of age had an 
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average rate of 13 mm. per hour, while females of the same 

age had an average rate of 26 mm. per hour. In each of the 

aforementioned studies the method used, when it was identified, 

was that of Wintrobe (1935)» This is the only method of meas

uring the ESR described by most modern texts on veterinary 

clinical pathology. Benjamin (I96I) briefly describes the 

Westergren and capillary tube techniques but does not list 

rates for the ESR of swine blood measured by these methods. 

Packed cell volume 

Few reports describing the effects of HC on the PCV in 

infected animals have been published. Weide and Twiehaus 

(1959) reported on PCV values in normal, ascarid infected 

and HC infected pigs. They obtained PCV values in the range 

of 20.4 to 32.9 percent for 12 normal animals from 10 to 9̂  

days of age. In both ascarid"and HC infected pigs the PCV 

volume was lower than in the control animals. Sorensen et al. 

(1961), in describing the hematologic manifestations produced 

by HC, stated that PCV values closely paralleled Hgb values. 

Values usually Increased from about the fifth to ninth days 

due to hemoconcentrâtion. They were often reduced, just prior 

to death, because of terminal hemorrhage. Calhoun and Smith 

(19640 have cited extensive, pertinent literature on PCV, Hgb, 

TRBC, TWBC numbers, differential WBC values and serum protein 

levels of normal swine at various ages. 
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Hemoglobin concentrât ion 

Changes in Hgb values produced by HC infection were among 

the first effects of the disease observed (King and Wilson, 

1910). They reported a decline in Hgb during the course of 

the disease in proportion to its severity. Lewis et a2. (1914) 

reported the general tendency in cases of HC was a reduction 

in Hgb and that this was more uniformly present than leuko

penia, an opinion not shared by Kernkamp (1939) who reported 

on Hgb values in 122 pigs infected with HC. He considered 

a quantitative measurement of Hgb in HC infected swine to be 

of no particular aid in the clinical diagnosis. Sorensen et 

al. (1961) stated Hgb values were essentially unchanged during 

the course of the disease; however, a 1-2 gram percent in

crease usually occurred around the fifth to ninth day as a 

result of hemoconcentration due to dehydration. Occasionally 

in moribund animals a 1 to 2 gram percent decrease due to 

hemorrhage is detected. Weide et al. (1962). using gnoto-

biotic and monocontaminated pigs, observed a reduction in 

Hgb levels during HC. 

Total red blood cell numbers 

A decrease in the number of erythrocytes in HC infected 

pigs was reported by most of those who measured this value, 

from the first study by King and Wilson in 19IO up to the 

investigations of Kernkamp (1939). Regner (1923) published 

results which did not agree with those of his contemporaries. 
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He stated that TRBC numbers did not change In HC infected 

pigs, Kernkamp (1939) reported that no significant change 

in TRBC numbers occurred during HCV infection. Weide and 

Twiehaus (1959) demonstrated that ascarid infected pigs 

developed a more profound anemia, including erythropenia, 

than control animals when they were all given a dose of 

lapinized HC vaccine followed in l6 to 21 days by 4 ml. of 

a commercial virulent hog cholera virus. Sorensen et al. 

(1961) published an opinion that was in complete agreement 

with that of Kernkamp (1939); however, he indicated the TRBC 

levels made the same minor fluctuations as the Hgb levels. 

Differential white blood cell counts 

The effect of HCV on various types of WBC's in the periph

eral blood has been studied for as long as the leukopenia 

produced by it. King and Wilson (I9IO) observed equal reduc

tion in lymphocyte and neutrophil numbers, a smaller reduction 

in eosinophils and larger Increases in large mononuclear cells 

and transitional forms. Dinwiddle (1914) reported relative 

increases in large lymphocytes, mononuclears and Immature 

polymorphonuclear neutrophilic leukocytes. A relative in

crease in lymphocytes of about 75 percent above normal and 

disappearance of eosinophils from the peripheral blood of 

HC infected pigs was reported by Regner (1923). In both of 

their publications, Lewis and Shope (1929a, 1929b) identified 

the polymorphonuclear neutrophilic leukocyte as the WBC most 
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severely affected. Using supravital staining, these workers 

demonstrated that fixed blood smears do not truly represent 

the .actual hematologic picture in HCV infected pigs. Blood 

containing no neutrophils or eosinophils in fixed preparations 

frequently contained these cells very badly damaged, exten

sively vacuolated and apparently very fragile in supravitally 

stained preparations. Kernkamp (1939) disagreed with pre

viously published work, in that, from the second day of in

fection there was a larger percentage of neutrophils than 

lymphocytes in the peripheral blood. Pre-infection hemograms 

demonstrated an excess of lymphocytes over neutrophils in the 

same animals. Weide and Twiehaus (1959)» studying blood 

changes in ascarid infected and HC vaccinated pigs, reported 

that contrary to published results, normal young swine in 

their study had increasing ratios of neutrophils to lympho

cytes from birth to 7 weeks of age. They reported an increase 

of eosinophils for 12 to l6 days following ascarid infection. 

Sorensen et (I96I) described changes in the differential 

white blood cell picture in hog cholera as quite variable. 

Mature neutrophils were quickly replaced by immature ones 

which, in turn, were absent in the terminal stage of the dis

ease. Lymphocyte numbers were quite variable but terminally 

the relative percentage was usually increased up to 80 or 90 

percent to compensate for the terminal neutropenia. Sorensen 

et al. (1961) summarized his comments that in HC there was 

both a relative and absolute neutropenia with a relative 
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lymphocytosis but an absolute lymphopenia and eoslnopenia. 

Welde et (I962) pointed out that, with HC Infected gnoto-

blotlc and monocontamlnated pigs, differential leukocyte 

counts were not different from pre-inoculâtion levels. 

Bone marrow cells 

Varicak (1935) studied the gross appearance of bone 

marrow of 500 pigs which ranged in age from 9 months to 2 

years old. He compared the proportion of fat and red marrow 

present in different bones at various ages. Noyan (19̂ 9) 

studied the bone marrow cells obtained from the wing of the 

ilium in 7 swine. Sternal marrow obtained by aspiration with 

a 16 gauge needle was utilized for the study of bone marrow 

cells to determine the hematologic manifestations of pteroyl-

glutamic acid deficiency in swine by Cartwright et (1948). 

Cartwright et (1949) also used this technique to study 

the experimental production of a nutritional macrocytic anemia 

in swine which resembles pernicious anemia in man. Cartwright 

et al. (1950) , using this same technique, described changes 

in swine bone marrow produced by the administration of 2-6 

diaminepurine. Lahey et (1952) used the sternal aspira

tion procedure to study changes in bone marrow from swine 

which were made deficient in copper. Sternal puncture and 

aspiration were also used by Kohler (1956) in studying bone 

marrow cells from large pigs. He preferred the median or 

lateral tibial tuberosity for studies of bone marrow from 
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small pigs. Diener̂  carried out preliminary investigations 

of bone marrow from normal pigs which resulted in a myelogram 

similar to those obtained by the workers cited above (Calhoun 

and Smith, 1964). Study of bone marrow cells from pigs in

fected with HCV was conducted by Sorensen et al. (I96I), who 

described a marked hypoplasia. Nafstad and Nafstad (I965» 

1968) have conducted both light and electron microscopic 

studies on the blood and bone marrow cells from normal and 

vitamin E deficient pigs. Weber (1969) has presented a 

thoughtful discussion on the limitations of marrow aspiration 

or biopsies. 

Immature erythrocytes 

Regner (1923) was the first to report the observation 

of increased numbers of nucleated RBC's in the blood of HC 

infected swine. Lewis and Shope (1929b) reported an increase 

of nucleated erythrocytes in pigs experimentally infected 

with hog cholera. They increased from zero or. the day of 

infection to per cu. mm. 2 days later, to a high of 2,124 

per cu. mm. 5 days later. While studying the effect of HCV 

in gnotobiotic swine, Weide ̂  (1962) noted that circu

lating nucleated erythrocytes reached their peak on the 

seventh day after inoculation but that they did not prevent 

a fall of Hgb and PCV in the animals. 

D̂lener, R. M., Anatomy Dept., Mich. State Univ., East 
Lansing, Michigan. Tentative studies on the porcine myelogram. 
Private communication. 1957. 
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Serum Protein Studies 

Moore (19̂ 5)» during a comparative study of species dif

ferences in serum protein patterns, demonstrated differences 

between electrophoretograms of blood serum from pigs of dif

ferent ages and from different environments. To achieve op

timal separation of protein fractions, buffers of different 

compounds, pH and ionic strength were required. Serum protein 

patterns were reported to be so characteristic that identifi

cation of the species and, in the case of chickens, the sex, 

from the pattern was possible. Deutsch and Goodloe (19̂ 5) 

studied electrophoretic patterns of plasma from 20 species 

of animals obtained under identical conditions. Species 

variations in mobility, amount and number of protein compo

nents were demonstrated. The analytical data were relatively 

constant for a given species. Immunity to HC was reported 

to be present in the gamma globulin fraction of the serum 

proteins by Cameron (19̂ 7) and Mathews and Buthala (i960). 

Electrophoretic changes in serum from swine affected by edema 

disease consisting of a decrease in the albumin/globulin (A/G) 

ratio due to a passive loss of albumin and active increase in 

alpha and gamma globulins or in the gamma globulins alone have 

been reported by Vesselinovltch (1955)* Changes in gammaglob

ulin levels of swine produced by immunization with HCV have 

been observed by Mathews and Buthala (1955)• Greatest changes 

were apparently due to the increase in gamma globulin after 
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hyperimmunization. The same workers (Mathews and Buthala, 

1956) reported no effect on the electrophoretlc pattern of 

serum proteins, from a pig vaccinated against HC, after the 

sample had been subjected to 12 freeze-thaw cylces over a 

26 week period. Poul (1962) determined the total protein 

and electrophoretically separated fractions of serum proteins 

from 12 normal swine. He reported that following hyperlmmuni-

zation the albumins Increased about 50 percent and the total 

proteins about 20 percent. Neutralizing antibody was reported 

to be a pseudoglobulin not demonstrable by paper electrophore

sis. Knill et al. (1958) and Miller et al. (196I) reported 

on swine total serum protein levels and electrophoretlc pat

terns of the separated serum fractions collected from normal 

pigs of various ages. Danilevskli (I96O) performed paper 

electrophoretlc separation on serum proteins from 40 healthy 

young pigs and 4? affected with bronchopneumonia. An increase 

in gamma and decrease in alpha globulins were observed in the 

sera of the diseased animals. Weide and King (1962) described 

changes in serum protein electrophoretograms from young pigs 

which were passively Immune to HC. A sharp decrease in albu

min and rise in alpha and gamma globulins were produced by 

inoculation of virulent HCV. The beta globulins were not 

affected by Infection with the virulent virus. Weide et al. 

(1962), in another report, suggested that changes in serum 

protein electrophoretograms appeared to be a more sensitive 

indicator of the reaction by susceptible pigs to virulent 
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HCV than leukopenia. He also confirmed their earlier results 

that HCV infection in susceptible swine resulted in decreased 

albumin but elevated alpha, beta and gamma globulin values. 

The discrepancy in the effect on beta globulin values between 

the 2 reports was not discussed. Turubatovic and Panjevic 

(1957) reported on the serum globulin response of pigs vac

cinated and revaccinated after various periods for HC. Klimov 

et al. (1959)> while using electrophoretic methods for the 

purification of HCV, found that the blood from HC infected 

piglets contained HCV in the alpha, beta and gamma globulins 

but not in the albumin. Konopatkin (1962) described serum 

protein changes in vaccinated pigs challenged with virulent 

HCV. They consisted of increases in the total protein, alpha 

globulin and beta globulin. The beta globulins decreased 

after 7 days. The gamma globulin decreased for 12 to 20 days 

and then increased. Dunne (1964b) considered a hyperprotein-

emia due to excessive feeding of protein as a significant 

factor that would increase the susceptibility to HC. Menge-

ling and Packer (1969)» in describing the pathogenesis of 

chronic HC, published electrophoresis results which are in 

agreement with those cited previously. Mengeling and Cheville 

(1968) reported the temporary disappearance of HCV from the 

blood stream of persistently infected pigs was generally con

current with increased levels of gamma globulin. As the dis

ease progressed, gamma globulin decreased and virus reappeared 

in the blood. Terminal decline of gamma globulin was attrib
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uted, by the authors, to progressive depletion of lymphocytic 

tissues, immunologic exhaustion, or both. Mikhailov et al. 

(1965) reported on total serum proteins and electrophoretical-

ly separated fractions from 100 sows of the Large White and 

Urzhum breeds. Toward the end of pregnancy albumins increased 

and globulins decreased. In sows that aborted or produced 

weak young, gamma globulins were particularly low. Kostyunina 

and Bychkov (1965) reported a decrease of free amino acids in 

the blood serum of pigs during the first 6 days after injec

tion of HCV. During this same time total proteins and albu

mins decreased and beta globulins increased. Alpha and gamma 

globulins remained unchanged. The great amount of variation 

and actual contradiction in results of total serum protein 

levels and their fractions, which were cited here, is explain

able to some extent on the basis of the variety of methods, 

equipment and animals of varying age, breeding and health 

status, used to derive the data. Unfortunately, precise com

parisons are not possible because many of these variables 

were not adequately defined. Matthaeus and Korn (I969) studied 

the relationship of immunological changes, TWBC numbers and 

body temperature changes in pigs affected by EC. First 

changes in serum proteins occurred in the high molecular 

weight components. After the body temperature rose and TWBC 

numbers decreased, an increase in the alpha-2 macroglobulins 

occurred. The subsequent fall in this fraction was accom

panied by a rise in neutrophil leukocytes and formation of 
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the first 198 (IgM) antibodies. A decline in beta globulins 

was considered by the authors as due to a fall in transferrin, 

which coincided with an increase in components of the comple

ment system. Declining levels of gamma globulin were explained 

as due to the formation of an antigen-antibody complex, by 

metabolic breakdown of the gamma globulin or its storage in 

the tissue. Disease specific immunoglobulin was said to be 

a part of the high molecular weight components of the serum 

and to be present after the fourth day. 

Immunofluorescence Studies 

A brief but thorough introduction into the subject of 

fluorescent antibody (FA) development is presented in the 

manual by Cherry et (I96O). Immunofluoréscent techniques 

have been utilized to label specific proteins, including those 

of viruses and microorganisms, in a variety of tissues. Tis

sue preparations utilized for FA examination Include smears 

(Goldman, 195̂ )» frozen sections (Coons et , 19̂ 2), and 

paraffin impregnated sections (Sainte-Marie, 1962). The first 

FA test (FAT) for the diagnosis of EC was performed using 

fluorescein isothiocyanate and rhodamine B isothlocyanate 

labelled swine immunoglobulin on leukocyte smears and cell 

cultures by Solorzano (1962). Viral antigen was reported to 

first appear in the nucleus and later in the entire cell. 

Stair et al. (I963) modified the technique for use on frozen 

sections and impression smears. Antigen was also reported. 
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by these workers, to appear in the nucleus as well as cyto

plasm of the affected cell. Mengeling et a2. (1963a, 1963b) 

devised an FAT which utilized cells of a pig kidney cell cul

ture line (PK-I5). Sirbu et (1964) applied the same type 

of conjugate to lymph node impression smears and detected HCV 

antigen in 91.1 percent of 32 HC infected pigs. He reported 

that fluorescence was first apparent in the cytoplasm and 

later the viral antigen penetrated the nucleus. Cells from 

several other tissues studied had specific fluorescence in 

both their cytoplasm and nucleus. Antigen was also described 

on the surface of erythrocytes. Aiken et al. (1964) reported 

on the effectiveness of FAT*s for the rapid diagnosis of HC, 

using tissue impressions. Hog cholera virus could be detected 

in tonsillar tissue 24 to 48 hours earlier than in other tis

sues. Teebken ̂  al. (196?) reported she was able to differen 

tiate between virulent, attenuated and inactivated HCV by the 

pattern of fluorescence produced in frozen sections on tonsil 

tissue. She further observed that the fluorescence due to 

presence of HCV antigen was restricted to the cell cytoplasm. 

In the same journal, Aiken et (196?) pointed out that the 

PAT was not specific enough to differentiate between HCV 

strains. Solorzano et a2. (I966), in summarizing results 

of the FAT using PK-15 cell cultures, reported on 462 cases 

examined for HCV. The FA procedure was found to be a spe

cific, accurate and rapid method for the routine diagnosis 

of HC and was considered superior to conventional methods. 
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Ritchie and Fernelius (1967), while studying HC virions with 

electron microscopy, described them as between 40 to 50 milll-

micra in diameter, often asymmetrically shaped and enclosed 

in a membrane bearing surface projections 12 to 15 mlllimicra 

in length. Later they (Ritchie and Fernelius, I968) confirmed 

their earlier findings and also described the clumping of HC 

virions when mixed with fluorescein Isothiocyanate tagged 

swine anti-HCV antibody. Other smaller sized particles were 

also clumped by the immunofluorescent conjugate. The authors 

considered the latter particles to be the "soluble antigen" 

of HCV. This soluble antigen would explain discrepancies 

between visualization of HC viral antigen by immunofluores

cence in a tissue and the inability to grow virus from it. 

Mayr et a2. (I967) and Horzinek et (196?) confirmed the 

work of Ritchie and Fernelius. In addition, Mayr (1967) and 

his group have confirmed the infectlvity of the particles 

in the ̂ 0 to 50 mlllimicra size range by inoculation of sus

ceptible swine and reproducing classical HC. The FA tissue 

section technique (FATST) has been used for locating HCV 

antigen in studies involving host response to HCV (Mengeling 

and Cheville, 1968), the pathogenesis of chronic HC (Cheville 

and Mengeling, 1969) and host response in the pathogenesis 

of chronic HC (Mengeling and Packer, I969). Tissue culture 

techniques using the FAT for visualizing HCV antigen have 

been adapted for studying HCV replication characteristics, 

(Mengeling and Drake, 1969) and for characterizing ̂  vitro 
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spread of HCV by cell division (Pirtle, 1969a) and by means 

of intercellular bridges (Pirtle, 1969b). Sirbu ̂  â . (I968) 

confirmed HCV can be detected in infected swine lymph nodes 

which are fresh or after storage at refrigerator temperatures 

for 2 to 4 days. Kubin and Kolbl (1968), in comparative 

studies, demonstrated PATST detected only 75 percent of field 

cases of HC found positive by tissue culture methods. The 

difference was thought to be due to alteration of viral anti

gen during shipment. Kubin and Kolbl (I969) later developed 

a rapid technique for diagnosis of HC in the living animal. 

Sub-iliac or deep Inguinal lymph nodes are surgically extir

pated, sectioned at 4 micra and subjected to immunofluorescent 

study. Infections were detected as early as the second day 

and results correlated with those of exaltation of Teschen 

virus (ETV) method. Lin et (1969) compared the FA cell 

culture technique (PACCT) for detecting HCV with the exalta

tion of Newcastle disease virus (END) method. The PACCT was 

considered to be as accurate and efficient as the END. Mihaj-

lovic et (1969) described results of immunofluorescent 

investigations which differ from those of most other workers. 

While tonsil, ileum and spleen are considered preferable for 

the PAT for HCV, these workers found blood leukocytes, lacri

mal gland and lymph node to give best results. No fluores

cence was observed in the spleen, lung, liver and kidney. 

Ressang and DeBoer (1969) developed an indirect PAT for de

tecting HCV antibody in swine sera. The FA tissue section 
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Health Division, United States Department of Agriculture, 

as confirmatory tests in the nationwide HC eradication pro

gram. 

Serum Enzymes 

In a multispecies study to determine normal serum glu

tamic oxalacetic transaminase (SGOT) and serum glutamic 

pyruvic transaminase (SGPT) levels, as well as the tissue 

sources of the 2 transaminases, Cornelius et al. (1959) 

reported normal serum levels of 31.1 - 14.1 units for SGOT 

and 27.3 - 7.8 units for SGPT levels in 1 to 3 year old Duroc 

pigs. He further noted that SGPT activity was of no value 

for the diagnosis of hepatic necrosis in swine. Wretlind 

et al. (1959) determined the levels of glutamic pyruvic trans

aminase (GPT) in several porcine tissues from normal animals. 

The concentration of GPT x 10̂  micromoles/gram of wet tissue 

were: myocardium 0.65; skeletal muscle 0.28; liver 0.18; 

lung 0.11; kidney 0.10; small intestine and pancreas 0.09 

and spleen 0.01. Orstadlus et (1959) demonstrated an 

elevation of porcine SGPT in animals affected by liver dys

trophy, muscular dystrophy, acute gastroenteritis, femoral 

neck fracture, enteritis and pneumonia. The elevation was 

less than four-fold in most cases. Cornelius (196O) reported 

that administration of carbon tetrachloride with subsequent 

hepatic necrosis produced marked increases In SGPT activity 
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in the dog and cat but not in the pig. The same author 

(Cornelius, I963) later inferred that hepatic GPT represented 

the total body activity of the enzyme; however, he was unable 

to confirm this by producing liver damage and a resulting 

increase in levels of SGPT. Kolb and Schutz (196I), while 

studying phosphatase levels in the porcine gastrointestinal 

tract, found acid phosphatase (AcP) activity predominated 

over alkaline phosphatase (AP) in the stomach, colon and 

rectum. In the duodenum, jejunum and cecum the opposite 

situation occurred. Highest enzyme activity values were 

found in the ileum, where five times more alkaline than (AcP) 

was present. Wegger and Westergaard (I963) reported that 

porcine SGOT and serum alkaline phosphatase (SAP) were age-

related but Independent of sex. Assays of serum acid phos

phatase (SAcP) levels in 157 pigs ranging from 8 to 24 weeks 

of age were reported by Miller and Westergaard (1964). Aver

age AcP levels were 10.3 King-Armstrong units. Variation 

in activity levels was much less within litters than between 

them. Sleslngr (1964) reported results of assays on a variety 

of serum enzymes in 60 healthy and 32 pigs affected by acute 

digestive disorders. Pigs with digestive disorders had ele

vated levels of SGPT, SGOT, serum aldolase and lactic dehy

drogenase (LDH) activity. Dougherty et a2. (1965) performed 

assays for SGOT and SGPT on swine Infected with virulent 

ErysipelothrIx rhusiopathlae. A significant Increase in SGOT 

levels in all animals with acute swine erysipelas was detected. 
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However, changes In SGOT in the group affected by the sub

acute form of the disease and in SGPT in all groups were not 

significant. Long et al. (1965) determined the AP activity 

in serum from 41 baby pigs at 1, 2, 7, 14 and/or 21 days of 

age. Activity generally decreased with age. Storing the 

serum for 18 hours at 5 C increased the AP activity; however, 

some of the sera had decreased phosphatase activity after 5 

weeks of storage at -20 C. Assays performed by Sleslngr 

(1965) on sera from 60 pigs weighing between 88 and 132 pounds 

and affected with pneumonia due to swine Influenza, disclosed 

Increased levels of SGOT, serum leucyl aminopeptidase, serum 

lactic and malic dehydrogenase. During the course of experi

mental EC, Compagnuccl (I966) determined that activity of SGOT, 

serum aldolase and serum leucine aminopeptidase was increased 

up to 5 times and serum LDH and AcP were doubled. Witzel et 

al. (1967) recorded interesting results while studying the 

effects of Inappetence and acute swine erysipelas on glucose 

and SGOT activity levels in swine. After 3 days of starva

tion, SGOT levels in 6 normal pigs declined to 82.8 percent 

of normal. Pigs infected with E. rhuslopathlae had SGOT 

levels 7 times those of normal animals; however, control pigs 

on rations restricted in amounts equal to those of the in

fected animals had SGOT levels which were 71.2 percent of 

normal. In separate studies, Cassidy and Seberg (I967) in 

the United States and Compagnuccl and Martone (I967) in Italy 

demonstrated marked elevations in several serum enzymes of 
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swine Infected by strains of HCV of different degrees of 

virulence. Dressier and Mach (196?) demonstrated an increase 

of neutrophilic alkaline phosphomonoesterase from the six

teenth to thirtieth day after birth. The alkaline phospho

monoesterase of the eosinophils remained constant. Janda 

and Parizek (196?) were unable to demonstrate AP in mucous 

membranes from the cardiac, fundic and pyloric regions of 

swine stomachs and were able to demonstrate AcP in those 

sites only in trace amounts. The specimens were collected 

by biopsy techniques. Roszkowski (196?) demonstrated a marked 

increase of AP in adrenal glands collected from swine infected 

with virulent HCV. 
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MATERIALS AND METHODS 

Hematologic Procedures 

Blood collection technique 

Blood for all procedures was collected from the orbital 

sinus (Kuan et aJ.., 1969) by use of a Micro-Blood collecting 

tube, 150 mm. long with an outside diameter of 3 mm. and a 

1.5 mm. bore.̂  The animal was restrained in a V-shaped trough 

of appropriate size which was supported on a sturdy table, 

bench or other stable support. When properly positioned, 

the animal's head protruded its entire length beyond the end 

of the trough (Figure 1). 

The snout of the pig was grasped with the left hand and 

the right hand was used to insert the end of the blood col

lecting tube into the medial canthus (Figure 2). Prior to 

use, the tapered tip of the tube was etched with a small file 

around its circumference and broken off approximately 1.0 cm. 

from the end (Figure 3). After placing the broken end of the 

tube against the conjunctiva, firm pressure with slight rota

tion was exerted against the tough conjunctival tissues, which 

were penetrated. The venous sinus adjacent to the bony orbit 

was pierced by using rotating pressure on the tube, resulting 

in a free flow of blood through the tube into a collecting 

container. Following Insertion into the sinus, the tube was 

Ŝcientific Products Co., Evanston, Illinois. 
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Figure 1. The pig is restrained on its back in a V-shaped 
trough which has been placed on the end of a 
large barrel for support. When properly posi
tioned and restrained, the entire length of the 
animal's head protrudes beyond the end of the 
trough 

Figure 2. The snout of the pig is grasped with one hand 
and the other hand is used to insert the end 
of the blood collecting tube into the medial 
canthus 
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Figure 3 .  Micro-Blood collecting tube used for orbital sinus 
bleeding of swine. The tube on top is as purchased 
and that on the bottom has had its tapered tip re
moved nrior to use 
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held at an angle which resulted In the free end of the tube 

being slightly below the level of the eye. Ten ml. samples 

of blood were usually collected in twenty seconds or less. 

The tube was withdrawn when the desired amount of blood had 

been collected and digital pressure was applied with a sur

gical gauze sponge over the medial conjunctiva to control 

flow of blood. Restoring the animal to normal position would 

also produce immediate hemostasis. When daily bleedings were 

necessary, opposite sinuses were bled on alternate days. 

Approximately 5*0 ml. of blood, to be used for deter

mining ESR, PCV, Hgb, TWBC, TRBC, and for preparing reticu

locyte smears, was collected in a Vacutainer, a rubber-stop

pered evacuated glass container, 100 mm. long and l6 mm. in 

diameter, which had its internal surface coated with silicone. 
2 Prior to use, 2 drops of No-Coag, a concentrated liquid sus

pension of the anticoagulant, ethylenediamlne-tetracetlc acid 

trisodlum salt (EDTA or Versene), were added to each tube. 

Serum to be assayed for levels of SAP, SAcP, SGPT, SGOT, 

LDH, and serum proteins was obtained from blood collected in 

Vacutainers containing no anticoagulant. Within 30 minutes, 
2 10 to 15 Spin-Qulk crystals, consisting of chemically inert 

polystyrene crystals, were added to each 10 ml. of blood and 

centrifuged at 2000 r.p.m. for 30 minutes. The serum was 

B̂ecton, Dickinson and Company, Rutherford, New Jersey. 
p 
Cllnl-Tek Specialties, Omnl-Tech., Inc., Santa Monica, 

California, 
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removed Immediately following centrlfugatlon. In most cases, 

serum enzyme assays and total protein determinations were 

performed on the day of collection, however In a few Instances 

where repetitive assays were required, serum was stored over

night at approximately 4 C. All sera from each group of ani

mals was stored at -20 C until completion of that portion of 

the study. Frozen sera were then thawed and the proteins 

separated by zone electrophoresis. 

To avoid distortion produced by EDTA and other anticoag

ulants, blood for smears to be used In differential WBC counts 

was obtained directly from the collecting pipette after the 2 

other blood samples were collected. 

Erythrocyte sedimentation rate 

To determine which of 3 most commonly used methods of 

measuring the ESR, the modified Westergren method, the Wester-

gren method with undiluted blood or the Wlntrobe method, had 

the highest precision for determining the rate in swine blood, 

the following study was conducted. Six to 8 ml. of blood 

was collected from 50 pigs at the National Animal Disease 

Laboratory (NADL) herd. In EDTA, by the method described above 

except that the 3 large castrated male swine were bled by the 

vena caval method (Carle and Dewhlrst, 19̂ 2). The ESR was 

measured on 3 samples of blood by each of the 3 methods, re

sulting in 9 measurements of the ESR on the blood collected 

from each animal. All measurements were made within one hour 
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after the blood was collected. 

The order in which tubes of each method were filled was 

randomized. This was accomplished each day by throwing 3 

dice of different colors. Each die was assigned to a par

ticular method and the tubes of the method represented by 

the die with lowest value were filled first, the tubes repre

sented by the die with the next higher value were filled 

second, and the tubes represented by the die with the highest 

amount were filled last. Westergren tubes used for the 2 

Westergren methods were randomized by mixing, to reduce any 

variation between methods due to consistent use of one group 

of tubes for one particular method. The temperature in the 

room where the determinations were carried out varied between 

22 to 24 C. 

Modified Westergren method (Gambino et â ., 1965) 

Two ml. of well-mixed blood were diluted with 0.5 ml. of 0.85 

percent (w/v) saline solution. Dilutions were always made 

just prior to the blood being aspirated into the Westergren 

tubes (Kimble No. 46735)Immediately after filling, the 

tubes were inserted into a Westergren rack with 3-footed base 

and levelling bulb. This rack is designed to maintain the 

tubes in a vertical attitude (Helllge No. lOOO-lOS).̂  The 

rate of fall was observed and recorded one hour after each 

K̂imble Glass Co., Toledo 1, Ohio. 

Ĥelllge, Garden City, New York. 
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tube was filled. 

Westergren method with undiluted blood Westergren 

tubes were filled with undiluted, well-mixed blood and Immed

iately placed In the Westergren rack. The rate of fall was 

measured by the same timing system as the modified Westergren 

method. 

Wintrobe method (Wintrobe and Landsberg, 1935) The 

blood sample was mixed carefully and the blood, without air 

bubbles, drawn carefully into a Wintrobe pipette.̂  The pi

pette was then inserted to the bottom of the Wintrobe tube.̂  

The blood was expelled gradually, keeping the tip of the pi

pette below the surface of the blood until the 0 mark was 

reached. The tube was then placed in a Wintrobe vertical 

rack̂  and read and recorded as described under the modified 

Westergren method. 

Modified Westergren versus dilute Wintrobe method Al

though the modified Westergren method was the most consistent 

method of measurement of the 3 methods compared with blood 

from healthy pigs, it was necessary to demonstrate if it was 

sufficiently sensitive to measure ESR of blood from EC in

fected swine, therefore the following study was conducted. 

The blood sample was diluted by mixing 2 ml. of well-

Ŝclentific Products Division, American Hospital Supply 
Corp., Evanston, Illinois. 
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mixed blood with 0.5 ml. of 0.85 percent (w/v) saline solution. 

Dilutions were made just prior to filling the tubes. Two 

tubes were filled as described under the respective methods 

in the previous comparative study. The distance of erythro

cyte sedimentation was observed and recorded one hour after 

the tubes were filled. 

Packed cell volume 

The PCV, or cell pack, was determined by use of the 

micro-hematocrit method. A plain capillary tube,̂  75 mm. 

long and 1.3-1.5 mm. in diameter was filled with versenated 

2 blood. The vacant end of the tube was closed with Seal-Ease, 

a special clay sealant compound. Tubes were then placed in 

the slots, with open ends toward the hub and sealed ends as 

close as possible to the rubber cushioned inner rim, of the 

hub of an International I.E.G. Capillary Centrifuge, Model 

MB.̂  The capillary tubes were then centrifuged at a speed 

of 11-15,000 r.p.m. for 5 minutes. The tubes were then re

moved and the PCV was read directly on an Adams Micro-hemato

crit Reader No. A-2970̂  by the following procedure: 

1. A capillary tube was placed in one of the grooves 

in the moveable plastic holder and the bottom of the packed 

red cells aligned with the base line of the holder. 

Âloe Scientific, Division of Brunswick Corp., St. Louis, 
Missouri. 

Ĉlay Adams, Inc., New York 10, New York. 

Înternational Equipment Company, Boston, Massachusetts. 



www.manaraa.com

41 

2. The plastic holder was then moved to the right or 

left until the top of the plasma in the capillary tube coin

cided with the top line (100 percent) on the top of the white 

triangle. 

3 .  By moving the knob on the end of the reader bar, 

the line on the reader bar was placed at the junction of the 

packed cells and plasma. 

4. The percentage of packed red cells was then read 

from the Micro-hematocrit reader window. 

Hemoglobin concentrât ion 

Hemoglobin levels in all blood samples were determined 

by the cyanmethemoglobin method. The assay was conducted with 

reagents in ready to use form. A standard curve that was used 

to determine grams of Hgb per 100 ml. of blood was constructed 

in the following manner: 

1. Five ml. of Acuglobin Hemoglobin Standard̂  was pi

petted into a clean dry cuvette. (Acuglobin Hemoglobin Stand

ard is a cyanmethemoglobin solution which is kept in constant 

equilibrium with its gas phase to assure maximum accuracy by 

being hermetically sealed in a hard glass ampule.) The Acu

globin was allowed to reach room temperature before use. 

After photometric readings were recorded, the standard was 

discarded. Each standard has a specific Hgb concentration 

which is usually around 60 mg. cyanmethemoglobin per 100 ml. 

Ôrtho Diagnostics, Earitan. New Jersey. 
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2. Another 2.5 ml, of Acuglobln was pipetted into a 

second clean dry cuvette. The pipette was then rinsed several 

times with Aculute Diluent.̂  The diluent was prepared by-

dissolving one Aculute Diluent Pellet in 250 ml. of distilled 

water. The active ingredients in the diluent pellets are 

sodium bicarbonate, potassium ferricyanide and potassium 

cyanide. Using the same pipette, exactly the same volume 

(2.5 ml.) of Aculute Diluent was added to the second cuvette. 

This 1:1 dilution of cyanmethemoglobin then contained 30 mg. 

of cyanmethemoglobin per 100 ml. 

3. A blank was prepared by adding 5»0 ml. of Aculute 

Diluent to a third cuvette. 

4. All photometric readings were made in a Hitachi 

Perkln-Elmer, Model III UV-VIS Spectrophotometer.̂  The blank 

was placed in the instrument and the wave length scale set 

at 5̂ 0 mp and transmission at 100 percent. 

5. The cuvette containing the undiluted Acuglobln was 

then placed in the instrument and percent transmission re

corded. 

6. The cuvette filled with diluted Acuglobln was then 

measured in the instrument and percent transmission recorded. 

?. Percent transmission was then converted to optical 

density by use of appropriate conversion tables. 

Ôrtho Diagnostics, Ear1tan. New Jersey. 

Hitachi Limited, Tokyo, Japan. 
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8. A standard curve was prepared on linear coordinate 

graph paper. Hemoglobin concentrations, which ranged from 0 

to 20 grams per 100 ml., were placed on the horizontal axis. 

The optical densities, ranging from 0.00 to 0.500 were placed 

on the vertical axis. The optical density and equivalent 

gram percent hemoglobin values for the undiluted and diluted 

Acuglobin Hemoglobin Standard were used to plot construction 

points. 

Hemoglobin concentration in blood samples from experi

mental animals was determined as follows: 

1. Exactly 20 microliters of versenated blood was di

luted in 5*0 ml. of Aculute Diluent (1:251 dilution). The 

reaction was allowed to proceed for 10 minutes before the 

percent transmission was determined photometrically. The 

optical density was determined from conversion tables. 

2. Using the standard curve graph, a straight line from 

the correct optical density value on the left vertical axis 

was drawn parallel to the horizontal axis until it intersected 

the standard curve. A line from the intersection parallel to 

the vertical axis was drawn down to the horizontal axis where 

the correct value, of Hgb in grams per 100 ml. of whole blood, 

was read. 

A new standard curve was constructed when each new batch 

of Aculute Diluent was prepared. 
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Total white blood cell counts 

All total white and red blood cell counts were made using 

a Model B Research Counter with a 100 mlcra aperture,̂  Aper

ture current and threshold values which accurately enumerated 

swine WBC's in a blood sample had been previously calibrated 

by the method of Wisecup and Crouch (1963). The following 

procedure was followed: 

Machine settings; 

Amplification 2 
Aperture current  ̂
Threshold Lower 8 

Upper 102 

Machine operation; 

The machine was switched on at least 10 minutes before 
use. Counts made prior to this time were frequently 
inconsistent. 

Between periods of use the electrodes and aperture 
tube were left immersed in Isoterge,! a blended deter
gent in a balanced isotonic solution with a neutral 
pH and minimal hemolytic properties. 

Just prior to use the entire system of the Coulter 
Counter was flushed with Isoton̂  an appropriately 
balanced, isotonic solution of electrolytes which 
contains 0.1 percent sodium azlde as an antimicrobial 
agent. 

Three counts were made to determine the background 
counts of particles present in the Isoton diluent. 
It was necessary to enclose the entire sample holding 
stage area with heavy aluminum foil in order to get 
background counts of 50 or less which was considered 
satisfactory for leukocyte counting. 

Blood samples to be counted were diluted in Isoton 
in the following manner. 

Ĉoulter Electronics, Inc., Hlaleah, Florida. 
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The sample blood was mixed thoroughly and 0.2 ml. 
were removed in a pipette and transferred to a 
100.ml. volumetric flask partially filled with 
Isoton. After addition of the blood the flask 
was filled to volume with Isoton. 

Thirty drops of Zap-Isoton̂  were promptly added 
to the volumetric flask. The contents were mixed 
thoroughly. 

Total WBC counts were performed immediately using 
a 50 ml. beaker to hold the prepared sample for 
aspiration through the measuring aperture. 

White blood cell counting procedure: 

The counting chamber of the Coulter Counter was 
flushed thoroughly with Isoton. 

The mercury column was then allowed to drop to the 
precount level. 

Reset lever was activated and the zero level checked 
on all counting dials on control panel. 

Each sample was counted 3 times and the mean value 
determined. If the value was over 15,000 WBC/cu. 
mm. it was corrected for coincidence from a chart 
supplied by the manufacturer. This was necessary 
due to the machine's operating characteristics, 
which result in its reading 2 or more white or 
RBC*s as 1 when they pass through the counting 
aperture concurrently. The total number of WBCs 
in each sample was corrected for the number of 
nucleated erythrocytes observed during the differ
ential count of a smear made from the same blood 
sample. 

The system was flushed with Isoton again, after 
which the machine was ready to count the next 
sample. 

Total red blood cell counts 

The same Coulter Counter was also used to perform TRBC 

counts. The machine aperture current and threshold values 

Ĉoulter Diagnostics, Inc., Hialeah, Florida. 
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for RBC*s were also calibrated by the method of Wlsecup and 

Crouch (1963). The following values were used: 

Machine settings ; 

Machine operation; 

The machine is prepared in the same manner for making 
erythrocyte counts as for leukocyte counts. 

The blood sample was diluted as follows for making 
TRBC counts. 

After thoroughly mixing the blood sample, 0.02 
ml. of blood is transferred via a Hgb pipette 
into an 18 x l40 mm. test tube filled with 10 ml. 
of Isoton. 

One ml. of this mixture was then transferred by 
a volumetric pipette into a 100 ml. volumetric 
flask partially filled with Isoton. After addi
tion of the blood and Isoton, the volumetric flask 
was filled to volume with Isoton and mixed thor
oughly. 

Samples were transferred to 50 ml. beakers for 
counting, as this facilitated immersion of the 
aperture tube into blood and Isoton mixture. 

The counting procedure was the same as for making 
leukocyte counts except the final value was multiplied 
by 100 and corrected from the coincidence chart sup
plied by the machine manufacturer. 

Differential leukocyte counts 

Preparation, examination and interpretation of blood 

smears from the experimental animals were conducted using 

procedures which are described in the following paragraphs: 

Amplification 
Aperture current 
Thresholds 

1 
0.354 
Lower 10 
Upper 102 
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Preparation of slides: 

Blood for making smears to be used in differential 
WBC counts was taken directly from the eye bleeding 
pipette. A small drop was placed on a glass micro
scope slide and spread with the smooth, short edge 
of another slide according to the method of Schalm 
(1965)• Slides were allowed to completely air dry, 
and were stained within 3 hours after the blood was 
collected. 

Wright's Blood Staln̂  was flooded over the smear and 
allowed to stand for 5 minutes. 

2 A buffer prepared specifically for Wright's stain 
was then added to the stain on the slide. Mixing of 
the stain and buffer was accomplished by gently blow
ing on the slide until a characteristic metallic sheen 
appeared on the surface. This mixture was left on 
the smear for 8 minutes. 

The stain and buffer were then poured off of the 
smear and it was thoroughly rinsed with double dis
tilled water. 

The bottom of the slide was then wiped clean of stain 
and the slide leaned lengthwise against a test tube 
rack and allowed to dry. 

Counting and interpretation of slides ; 

Differential counting was performed by the cross sec
tional method of MacGregor, Richards and Loh (19̂ 0). 

Total numbers of cells counted was determined on the 
basis of the total number of leukocytes in the blood 
sample. One hundred cells were differentiated when 
the total count was 10,000 cells or less and 200 were 
counted when the TWBC numbers In the sample exceeded 
10,000. 

The cells were differentiated on the morphologic and 
staining characteristics described by Schalm (1965)« 

Ŵright's Blood Stain, Item No. 7̂ 0, Hartmann-Leddon Co., 
Philadelphia, Pa. 

B̂uffer Salt Mixture pH 6.8 for Buffering Blood Stain Re
action, Item No. 4022, Hartmann-Leddon Co., Philadelphia, Pa. 
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Bone marrow evaluation 

Aspiration of bone marrow from the sternum of the pigs, 

preparation of bone marrow smears and the method of examina

tion are described in the following section. 

Specimen collection; 

Bone marrow samples were collected Immediately after 
animals were bled from the orbital venous sinus for 
hematologic studies. The following procedure was used 
for collection of all bone marrow samples; 

Animals to be sampled were placed on their backs in 
a V-shaped trough. The rear legs and right front 
leg were held by one assistant while a second assis
tant held the left front leg and steadied the position 
of the head. (See Figure 1.) 

The skin over the anterior one-third of the sternum 
was wiped clean with sterile gauze, liberally sponged 
with 50 percent ethanol and wiped dry with sterile 
surgical sponges. Strong Iodine Tincture N.F. was 
then painted over the surgical site and allowed to 
dry. At this point the operator changed to sterile 
surgical gloves and, from this point on in the pro
cedure, aseptic operative technique was practiced. 

A University of Illinois Biopsy Needle,̂  pediatric 
size 18 ga. z 1 inch, was adjusted until the needle 
shaft protruded approximately 2 cm. from the shield 
(Figure 4). Sterile technique was also maintained 
during this manipulation. 

The sternum was palpated until the shaft of the first 
or second sternebra was located and marked with the 
l e f t  i n d e x  f i n g e r  ( F i g u r e  5 ) «  

While steadying the sternum with the left hand, the 
shaft of the biopsy needle was aligned with the right 
hand at a 45 degree angle with the side of the ster
nebra (Figure 6). 

The needle point with its acute angle presented ven-
trlcally was firmly pushed into and through the skin 

V̂. Mueller and Co., 1929 Second St., S.W., Rochester, 
Minnesota. Catalog No. SU-21001. 
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Figure 4. University of Illinois biopsy needle before (top) 
and after (bottom) adjustment for use in aspirat
ing bone marrow from the sternum of young pigs 

Figure 5- While palpating the sternum with the left hand to 
locate the first or second sternebrae, initial 
penetration of the skin and subcutaneous tissue 
is accomplished with the biopsy needle in the 
right hand 
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Figure 6. The biopsy needle has been inserted at a degree 
angle with the side of the sternebrae while the 
animal is being restrained on its back in a V-shaped 
trough 
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subcutis, muscle and periosteum. When bone was felt 
against the needle point the biopsy needle was rotated 
in one-half to three-fourths of a turn until the 
needle was felt to suddenly move into tissue offering 
little resistance. 

Immediately the stylus in the shaft of the biopsy 
needle was unscrewed and removed. 

A clean, dry 20 ml. disposable plastic syringê  was 
quickly attached to the biopsy needle. A firm and 
constant tension was maintained on the plunger until 
several drops of bone marrow were observed to ooze 
into the barrel of the syringe (Figure 7). Bone mar
row was obtained on the first try in approximately 
80 percent of the collection attempts using this tech
nique. 

Smear preparation; 

The marrow sample was immediately expelled onto a 
glass plate 20 x 20 cm. The most likely looking small 
pieces of bone marrow were aspirated into a Pasteur 
pipette and deposited on clean glass microscope slides. 

The small deposit of bone marrow was then spread over 
the slides, air dried, and stained as previously de
scribed for peripheral blood smears used for differ
ential ¥BC counts. Marrow to be stained by the FATST 
was spread and immediately air dried. The FATST is 
described under preparation of tissue sections. 

Criteria used for identifying and classifying bone 
marrow cells are those of the Committee for Clarifica
tion of the Nomenclature of Cells and Disease of the 
Blood Forming Organs (19̂ 9)-

Many of the samples collected during leukopenic stages 
of the disease contained very small numbers of granu
locytic and erythrocytic precursor cells. To assure 
that a representative sample of these cells were 
counted, the following guidelines were adhered to: 

A minimum of 300 cells were evaluated from all 
samples. 

P̂harmaseal Laboratories, Glendale, California, Catalog 
No. 7420. 
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Figure ?• A 20 ml. plastic syringe has been attached to the 
biopsy needle. Constant tension is maintained until 
several drops of bone marrow are aspirated into the 
syringe 
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No less than 200 of these cells were required to 
be nucleated cells of the erythrocytic and/or gran
ulocytic series. 

Cells were catalogued as indicated in the charts in 
the results section. 

Reticulocyte counts 

Reticulocytes were enumerated in blood smears prepared 

by the following procedure: 

Reticulocyte stain; 

Brilliant cresyl bluê  was utilized at 1 percent con
centration in 0.85 percent saline with 0.4 gm. of 
sodium citrate added. 

An equal number of drops of this brilliant cresyl 
blue solution and blood were placed in 15 z l40 mm. 
pyrex test tubes and mixed thoroughly. 

Cells were allowed to stain for a total of 20 minutes. 

A small drop of the mixture was placed on one end 
of a glass slide with a wooden applicator stick. 

The drop was spread with the edge of another slide 
to produce a thin film which was dried leaning against 
a test tube rack. 

Wright's stain was used as a counterstain using the 
same staining procedure employed for differential 
WBC count. 

Counting reticulocytes ; 

The percentage of reticulocytes in approximately 500 
erythrocytes was determined by examination of the smear, 
using an oil immersion objective. 

The number of erythrocytes was estimated by locating 
an area in the smear, near the edge, where erythro
cytes were uniformly distributed. The number of red 

Brilliant cresyl blue C.I. No. 51010. National Bio
logical Stains Dept., National Aniline Div., Allied Chemical 
Corporation, Harristown, N.J. 
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blood cells in 3 microscopic fields were counted and 
an average obtained. If differences between the num
ber of cells in these 3 fields was greater than 20 
percent of the total in the first field, two addition
al fields were counted and an average of 5 fields 
was obtained. 

The resulting average number of cells per field, 
divided into 500, was the number of microscopic fields 
counted on that slide. 

They are reported in percentage, or reticulocytes 
per 100 cells. 

Howell-Jolly bodies 

The percentage of Howell-Jolly bodies was determined on 

the blood smear used for enumerating reticulocytes. They 

were counted concurrently with reticulocytes and reported 

in the same units. 

Serum Protein Studies 

Total serum protein determinations 

Measurement of total serum proteins was by the biuret 

method. The biuret reagent was prepared by the method of 

Gornall et a2. (1949). A standard protein curve was estab

lished using a protein standard solution̂  consisting of crys

talline bovine albumin with an assayed potency of 9»8 milli

grams of protein nitrogen per milliliter. This is the equiv

alent of 61.25 milligrams of protein per milliliter due to 

the standard value of nitrogen in protein, e.g. (9.8 mg./ml. 

of N X 6.25=61.25 mg. of protein/ml.). 

^Armour Pharmaceutical Co., Chicago, Illinois. 
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Calibration of standard curve A curve describing 

the total serum protein concentration with percent light 

transmission measured In a spectrophotometer was calibrated 

by the procedure described below. 

A calibration curve was prepared by pipetting 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0 ml. of stand
ard protein solution Into 15 x l4o mm. test tubes. Then 
In the same order 9.9, 9*8, 9.7, 9.6, 9.5» 9.4, 9.3, 9.2, 
9.1, and 9.0 ml. of 0.9 percent saline were added to the 
same tubes. 

Into another group of 10 test tubes 0.5 ml. of each of 
the serum-saline mixtures were transferred. This was 
diluted with 9.5 ml. of 0.9 percent saline and the dilu
tions mixed thoroughly and 2.0 ml. transferred to another 
group of 10 test tubes. 

A blank was prepared by placing 2 ml. of 0.9 percent 
saline in a test tube of the same dimensions. 

Eight ml. of biuret reagent were added to the 11 test 
tubes and mixed thoroughly. 

The tubes were left to stand for 30 minutes and then 
read In percent light transmission {%T) at a wavelength 
of 5̂ 0 myu in a Hitachi Perkln-Elmer, Model III UV-VIS 
Spectrophotometer. 

Values were then converted to optical density values 
from a standard conversion chart. 

Density values were plotted against protein concentra
tions of the original dilutions. When calculated using 
the dilutions outlined, these gave concentrations of 
1.2, 2.4, 3.7, 4.9, 6.1, 7.3, 8.6, 9.8, 11.0 and 12.2 
gms. per 100 mis. of protein. 

Standard biuret method The biuret method of deter

mining total serum proteins used for both standard curve cali

bration and determining protein concentration in the blood 

from the experimental animals was conducted by the following 

procedure. 
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Dilute 0.5 ml. of the unknown serum with 9*5 ml. of 0.9 
percent saline and mix thoroughly. 

Place 2.0 ml. of diluted serum in a test tube. In an
other tube place 2.0 ml. of 0.9 percent saline to be 
used as a blank. 

Add 8.0 ml. of biuret reagent to both tubes and mix. 

Let the tubes stand for 30 minutes. Read the percent 
transmission of the sample against the blank with spec
trophotometer set at a wavelength of 5̂ 0 myi,. 

Results are converted from percent transmission to 
optical density and the final results read directly 
from the standard curve. 

Electrophoretic studies 

All electrophoretic examinations of swine sera were con

ducted by the method of Kaplan and Savory (1965) and Grunbaum 

et al. (1963) with a Microzone cellulose acetate electropho

resis system̂  which accommodated eight serum samples on a 

single membrane. This used about 0.2 p.1 of serum per sample 

and required 20 minutes of electrophoresis to separate the 

protein fractions. The strips were stained, cleared to trans

parency and scanned and recorded by a Microzone Densitometer, 

Model R-110.1 

Fluorescent Antibody Procedures 

A direct FA staining technique (Stair et , 1963» 1964) 

was used for detection of HCV antigen in tonsil biopsy tissue, 

bone marrow smears, and sections of tonsil, prepectoral lymph 

Ŝpinco Division, Beckman Instruments, Inc., Palo Alto, 
California. 
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node, spleen and ileum collected at necropsy. 

The FA conjugate was obtained from Dr. William C. Stewart 

of the Virology Section, Diagnostic Services, NADL, Ames, 

Iowa. It was prepared according to the method of Mengeling 

et (1963a,  1963b).  

Tissue sections 

All tissues examined by PA procedures were frozen in an 

International Harris Cryostat, Model CTD.̂  The tissues were 

attached to cryostat microtome buttons for sectioning with 
2 Tissue Tek 0. C. T. Compound No. 4583, an embedding medium 

for frozen tissue specimens. Frozen sections were cut at 8 

microns, mounted on cytology micro slides completely frosted 

on one side, and fixed immediately in acetone at room tem

perature for at least 10 minutes. 

Bone marrow smears 

After being thoroughly air dried, bone marrow smears 

were stored from 2 to 6 hours in a refrigerator at 5 C and 

then fixed in acetone at room temperature for at least 10 

minutes. From this point in the FATST, the same procedure 

was used for both tissue sections and bone marrow smears. 

Înternational Equipment Company, Needham Heights, 
Massachusetts. 

2 Ames Company, Elkhart, Indiana. 

Ĉlay Adams, Inc., New York 10, New York. 
it 
Malllnckrodt Chemical Works, St. Louis, Missouri. 
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Solutions \ 

Reagents required in the fluorescent antibody tissue 

section technique required careful preparation to obtain 

optimal results. The following procedures produced the 

best results under the conditions of this study. 

Carbonate buffer: 

Mix 800 ml. of solution A and 215 ml. of solution B 
to produce a buffer with a pH of approximately 9.0. 
The pH was checked on an IL Delta-matic pH/mV elec
trometer.̂  

Carbonate buffered saline ; 

The solution was kept tightly stoppered when not in 
use. It was easier to maintain the desirable pH when 
small amounts of carbonate buffered saline were pre
pared frequently, rather than large amounts at one 
time. 

Buffered glycerin; 

Glycerin, U.S.P.̂  90.0 ml. 
Carbonate buffered saline 10.0 ml. 

This produced a buffered glycerin with a pH of 9*0 

Solution A - NagCÔ  
Distilled water q. s 

53.0 gm 
1000.0 ml 

Solution B - NaH CÔ  

Distilled water q. s 

42.0 gm. 

1000.0 ml. 

Carbonate-bicarbonate buffer 
Sodium chloride 

1000.0 ml 
8.5 gm 

Înstrumentation Laboratory, Inc., Boston, Massachusetts. 

2 Mallinckrodt Chemical Works, St. Louis, Missouri. 
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Staining procedure 

The immunofluorescent demonstration of HCV antigen in 

the tissues of the infected animals was accomplished by the 

following technique. 

Acetone-fixed, frozen tissue sections and bone marrow 
smears were flooded with anti-HCV, FA conjugate and 
incubated in a moist chamber at 37 C for 30 minutes. 
This moist chamber consisted of a covered petri dish 
containing moist cotton and two pieces of applicator 
stick on its bottom to support the microscope slides. 
These were placed in a Model IMP-732 Incubator.! 

Slides were actively washed for 10 minutes with 3 
changes of carbonate buffered saline or were washed 
for 10 minutes in a mechanical washer. Basically, 
this consisted of a spring loaded rack which, when 
inverted over a 400 ml. Pyrex beaker,2 held up to 20 
slides in the buffer solution. Washing was accom
plished by placing a Teflon covered magnetic bar in 
the buffer in the beaker which was placed on a Mag-
nestir,3 magnetic stirrer. 

Slides were then rinsed in distilled water and each 
slide cover-slipped with glycerin buffered to a pH 
of 9.0. 

At the same time each group of tissue sections or bone 

marrow smears were stained by the PAT, a section of HCV in

fected tissue, usually tonsil, was also stained. This served 

as a control on the procedure, to be certain that viral anti

gen was detected, if present, in the samples checked. 

Ĉhicago Surgical and Electrical Company, Chicago, 
Illinois. 

2 Aloe Scientific, Division of Brunswick Corp., St. Louis, 
Missouri. 

^Scientific Products, Inc., Evanston, Illinois. 
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Inhibition 

The two step inhibition method described by Cherry ejt 

al. (i960) was used to confirm specificity of the FA reaction 

on both tissue sections and bone marrows. In addition to 

the slide from each animal stained by the regular method, 

2 additional smears or tissue sections were prepared as 

follows : 

One slide was flooded with normal porcine serum and 
the other with unlabelled HC antiserum. Both slides 
were Incubated at room temperature in a moist environ
ment for 40 minutes. 

The sera were removed from both slides by washing in 
carbonate buffered saline, pH 9*0. 

Both slides were flooded with FA conjugate and incubated 
in a moist environment at 37 C for 15 minutes. 

A vigorous washing in carbonate buffered saline for 10 
minutes followed for both slides. 

All slides were rinsed in distilled water. 

Each slide was cover-slipped with buffered glycerin 
and examined with the aid of an ultraviolet microscope. 

An absence or marked reduction of fluorescence was ob

served on sections treated with HC antiserum. Fluorescence 

due to HC viral antigen was present on the section treated 

with normal swine serum. A reduction in intensity of fluores

cence in sections containing viral antigen treated by normal 

swine serum was noted, which was probably due to dilution of 

the conjugate by serum or the additional washing required 

in the inhibition procedure. 
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Microscope 

A Leitz Orthoplan microscopê  with high pressure mercury 

burner HBO 200, type L, II and heat sink was used. This in

cluded 2 heat absorbing filters, KG 1 and BG 38, a UGI ultra

violet excitation filter and a BG 12 blue light excitation 

filter. 

Tonsil Biopsy Procedure 

The animal was restrained by being elevated by the front 

legs with its abdomen turned toward the operator. Its shoul

ders and hips were clamped by the legs of the assistant hold

ing the animal's front legs. A second assistant inserted a 

2 swine mouth speculum and opened the mouth by exerting gentle 

but firm downward pressure on the speculum handle. Concur

rently the second assistant, standing slightly to the animal's 

right and operator's left, held a flashlight to illuminate 

the tonsillar area. Swine tonsils are located on either side 

of a median furrow on the oral surface of the soft palate, and 

appear as slightly raised areas which are distinctly paler 

pink than surrounding pharyngeal tissue. Using Welch-Allyn 

rectal biopsy forcepŝ  (Figure 8), which are 14 inches long 

Ê. Leitz, Inc., New York, New York. 

Êaver-Lockhart, Shawnee, Kansas. 

P̂hysicians and Hospital Supply Co., Inc., Minneapolis 3, 
Minnesota. 
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Figure 8. Welch-Allyn rectal biopsy forceps used for collec 
tion of tonsil tissue 
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with straight jaws, the operator opened the jaws of the 

instrument and firmly forced them into the tonsil tissue and 

then quickly closed them. Biopsy tissues were placed in small 

plastic bags and immediately stored at 5 C until they were 

sectioned and stained, usually the day of the biopsy. 

Necropsy Procedures 

All animals not dying within the experimental period, 

or which were moribund, were euthanatized by vena caval in

jection of 5 ml. of a 10 percent solution of succinylcholine 

chloride.̂  Animals were exsanguinated while under the influ

ence of the drug and a complete necropsy performed immedi

ately. Slices of tonsil, prepectoral lymph node, spleen, 

and ileum approximately 0.5 cm. thick were collected immedi

ately. These were placed in small plastic bags in a refrig

erator at 5 C until sectioned and stained. A careful exami

nation of all organs and tissues was then conducted. Repre

sentative sections of all major organs and tissues were col

lected. In addition, appropriate samples of all lesions 

noted were removed for later histologic study. 

^Slgma Chemical Company, St. Louis, Missouri. 
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Histologic Procedures 

Tissues collected at necropsy, other than those examined 

by the immunofluorescent technique, were fixed in 10 percent 

buffered formalin for a minimum of 96 hours. Sections of 

bone were decalcified using Decal̂  for 12 hours, then washed 

in running tap water for 6 hours. All tissues were dehydrated 

in graded ethanol solutions, cleared in xylene, and embedded 

in paraffin. Sections were cut at 6 p and mounted on glass 

2 slides with Permount mounting medium. All sections were 

stained with Harris's hematoxylin and eosin Y. Selected sec

tions were stained by the periodic acid-Schlff reaction and 

MacCallum-Goodpasture's bacterial stain. These procedures 

were carried out as described in the Armed Forces Institute 

of Pathology's Manual of Histologic and Special Staining 

Techniques (I968). 

Serum Enzyme Assay Procedures 

All serum enzyme assays were performed on the day of 

collection, with the only exceptions being, that in several 

cases, repeat assays were made after the serum had been stored 

overnight at 4 C. Recently, the International Union of Bio

chemistry (1965) recommended the systematic naming of enzymes 

Ŝcientific Products Division, Hospital Supply Corp., 
Evanston, Illinois. 

2 Fisher Scientific Company, Fair Lawn, New Jersey. 
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and coenzymes. At the time this study was in progress, the 

new nomenclature had not gained wide acceptance, therefore 

the more familiar designations will be used. The table below 

is provided to facilitate identifying the same enzyme by its 

several names. 

Table 1. Enzyme nomenclature 

Old name 

1, Alkaline 
phosphatase 

2. Acid 
phosphatase 

3. Glutamic 
pyruvic 
transaminase 

4. Glutamic 
oxaloacetic 
transaminase 

5. Lactic 
dehydro genas e 

New name 

Alkaline 
phosphatase 

Acid 
phosphatase 

Alanine 
aminotransferase 

Aspartate 
aminotransferase 

Lactate 
dehydrogenase 

New complete name 

Orthophosphoric 
monoester phos-
phohydrolase 

Orthophosphorlc 
monoester phos-
phohydrolase 

L-alanine; 2 
oxoglutarate 
aminotransferase 

D-aspartate: 2 
oxoglutarate 
aminotransferase 

L-lactate: NAD 
oxldoreductase 
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Serum alkalIne phosphatase 

Determination of serum levels of this enzyme were con

ducted with commercially available reagent kits and according 
1 to Sigma Technical Bulletin No. 104, which is based on the 

work of Bessey et (1946), Andersch and Szczypinski (194?), 

and Pujita (1939). The principle of this test is based upon 

the hydrolysis at a pH of 10.5» of p-nitrophenyl phosphate. 

When this compound, which is colorless in either acid or alka

line solution, is hydrolized by the phosphatase enzyme, the 

phosphate group is split off the parent compound and the yel

low salt of p-nitrophenyl is liberated. The salt is yellow 

only in alkaline solution, which results when the reaction 

is terminated by addition of sodium hydroxide. The substrate 

itself serves as the indicator of the amount of hydrolysis 

occurring during a unit of time and consequently the concen

tration of phosphatase present. Results were reported in 

Sigma units. One Sigma unit of phosphatase will liberate 

1 micromole of p-nitrophenol per hour, under conditions spe

cified in the assay procedure. 

Serum acid phosphatase 

Both acid and AP's hydrolyze the same substrates. It 

Is the range of pH at which the two enzymes are most active 

that constitutes their major difference. Consequently, SAcP 

^Sigma Chemical Company, St. Louis, Missouri. 
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was determined by essentially the same materials and method 

with a few minor differences outlined in Sigma Technical 

Bulletin No. 104. The same substrate solution was used in 

both assays, however, the SAcP determination required an acid 

buffer in place of the alkaline buffer used for the SAP de

termination. The reaction was terminated by addition of a 

stronger concentration of sodium hydroxide than with SAP assay 

and a separate serum blank tube is required. The latter was 

not required in SAP determination, where the serum assay and 

reagent blank tube are acidified to provide correction factors 

for the serum. Results were reported in the same Sigma units 

which SAP are reported. 

Serum glutamic pyruvic transaminase 

Glutamic pyruvic transaminase (GPT) and glutamic oxalo

acetic transaminase (GOT), the two most important transami

nases found in blood, both catalyze transfer of an amino group 

from an alpha-amino acid to an alpha-keto acid forming a new 

amino acid and a new keto acid. These enzymes were both as

sayed by the colorimetric method of Reitman and Prankel (1957), 

using commercially available kits and according to Sigma Tech

nical Bulletin 505Serum glutamic pyruvic transaminase 

catalyzes the reversible reaction between alanine with alpha-

ketoglutaric acid and glutamic acid with pyruvic acid. The 

1 
Sigma Chemical Company, St. Louis, Missouri. 
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reaction Is measured colorimetrlcally at 505 op by the red

dish-brown hydrazone which pyruvic acid forms with 2,4-

dlnltrophenylhydrazone In alkaline solution. Assay results 

were reported In Slgma-Prankel units. A theoretical Slgma-

Prankel unit of SGPT or SGOT Is the enzyme activity which 

will form 4.82 z 10"̂  mlcromoles of glutamate per minute at 

25 C and pH of 7.5-

Serum glutamic oxaloacetic transaminase 

Determination of serum levels of this enzyme were carried 

out by the same method as used to assay SGPT. One major dif

ference was that a substrate containing aspartic acid and 

alpha-ketoglutarlc acid was used for assaying GOT while an 

alanine and alpha-ketoglutarlc acid containing substrate was 

used for determining SGPT levels. Glutamic oxaloacetic trans

aminase reversibly catalyzes the reaction between aspartic 

acid plus alpha-ketoglutarlc acid and glutamic acid plus ox

aloacetic acid. The reaction is measured, in this technique, 

by the reddish-brown hydrazone which oxaloacetic acid forms 

with 2,4-dinitrophenylhydrazone at an alkaline pH. Results 

were reported in Sigma Prankel units. 

Serum lactic dehydrogenase 

Serum levels of LDH were determined by the colorlmetrlc 

method of Cabaud et (1958)• Commercially available re

agent kits were used as described In Sigma Technical Bulletin 
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No. 500.̂  Lactic dehydrogenase is an enzyme which catalyzes 

the reversible reaction between pyruvic acid and reduced 

nicotinamide adenine dinucleotide (NADH) to or from lactic 

acid and NAD. The procedure employed measures enzyme con

centration by reacting unchanged pyruvic acid with 2,4-

dinitrophenylhydrazine, forming an intensely colored hydra-

zone with a maximal optical density (O.D.) in the wavelength 

range of ̂ 00-550 Lactic acid, reduced NAD, and NAD do 

not contribute a significant O.D. Consequently, the amount 

of pyruvate remaining after incubation is inversely propor

tional to the amount of LDH present in the reaction. Results 

were reported in Berger-Broida (B-B) units. One B-B unit of 

LDH activity will reduce 4.8 x 10"̂  micromoles of pyruvate 

per minute at 25 C. 

Experimental Animals 

All pigs used in these experiments were from closed herds 

originally stocked with pigs derived from caesarean section. 

Groups 1, 3 and 4 were from the swine herd at the NADL, Ames, 

Iowa. This herd has been maintained in isolation for 9 years, 

and no outbreaks of HC have occurred during that time. Clini

cal, virologie, immunofluorescent tissue section, histologic 

and postmortem examinations of several thousand pigs from 

this herd have shown no evidence of HC. Group 2 consisted of 

^Sigma Chemical Company, St. Louis, Missouri. 
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5 Hampshire barrows, 10 weeks of age and weighing between 

25 to 35 lbs., obtained from an independent swine producer. 

This herd was also stocked from caesarean section derived 

animals and was maintained imder conditions similar to those 

of the NADL swine herd. All animals were fed NADL Pig Grower 

539,̂  a nutritionally complete and balanced ration (National 

Academy of Sciences, 1968) containing no arsenicals, anti

biotics, or other drug additives. 

Fifty swine which were bled for ESR determinations were 

from the NADL swine herd. The characteristics of this herd 

are described in Table 2. 

Hog Cholera Viruses 

The two hog cholera viruses designated HCV-325 and HCV-

11325 are also referred to as the virulent and moderately 

virulent HCV's respectively. 

HCV-325 

A highly lethal strain of HCV which has been maintained 

by serial passage in pigs. It is commonly referred to as the 

Ames challenge strain or Ames 325 strain of HCV. Normally, 

this strain of virus will kill between 70 and 100 percent of 

susceptible pigs infected by intramuscular injection of 2-3 

ml. of virus-containing blood from previously infected animals. 

^United Suppliers, Inc., Eldora, Iowa. 
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HCV-11325 

A strain of HCV isolated from an outbreak of EC in 

Maryland. Fluorescent antibody tissue culture tests failed 

to detect this virus, however swine blood buffy coat cell 

cultures did detect its presence (Kressê ). Inoculation of 

3 ml. of splenic tissue suspension from the initially infected 

pigs into a specific-pathogen-free (SPP) pig produced a mild 

case of HC which persisted for ll4 days. Three ml. of blood 

collected from this animal during the early stage of Illness 

was inoculated intramuscularly into another animal. Within 

5 days following inoculation the animal refused to eat and 

was still inappetent eleven days postinfection. Blood was 

collected from the vena cava, defibrinated and frozen at -20 

C. This was the source of Inoculum in these studies. Eutha

nasia was performed the same day and a complete necropsy con

ducted. Both FATS and FATC examinations confirmed the pres

ence of HCV. Tonsillar erosions and pulmonary and splenic 

infarcts were present. This strain of virus was graciously 

supplied by Dr. W. C. Stewart of the Virology Section of 

Diagnostic Services, Animal Health Division, NADL, Ames, 

Iowa. 

Kresse, J. W., Virology Section, Diagnostic Services, 
NADL, Ames, Iowa. Preliminary studies on the use of swine 
buffy coat cell cultures for isolation of HCV. Private 
communication. 1969. 
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Experimental Procedure 

Trial 1 

Five Yorkshire and Chester White crossbred pigs, 9 weeks 

of age were placed in isolation. Control levels were estab

lished by determining values for the ESR, PCV, Hgb, TWBC, 

TRBC, differential WBC count, bone marrow cell count, reticu

locyte count, total serum protein, serum protein electrophore-

tic distribution, SAP, SAcP, SGPT, SGOT, and LDH, for 4 days. 

After samples were collected on the fourth day, the pigs were 

infected by intramuscular Injection of 3 ml. of defibrinated 

swine blood containing HCV-325> a virulent strain of HCV. 

Blood and bone marrow were collected prior to infection and 

on each consecutive day until the animals died, became mori

bund or the trial was terminated by euthanasia of remaining 

animals. Tonsillar biopsies were collected at intervals of 

time selected to provide the most meaningful results when 

correlated with results of bone marrow smears examined by 

the FATST. 

Trial 2 

Five Hampshire pigs, 10 weeks of age were placed in iso

lation. Control levels were established for the various meas

urements as in Trial 1. The animals were infected by intra

muscular injection of 3 ml. of defibrinated swine blood con

taining HCV-II325, a moderately virulent strain of HCV. Bone 

marrow and blood samples were collected prior to infection 
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and every other day, excluding weekends, until the animals 

died, became moribund or were euthanatized. Tonsil biopsies 

were collected In the same manner as for Trial 1. 

Trial 3 

This was a duplication of Trial 1. The animals and viral 

strain were similar. 

Trial 4 

This trial was largely a duplication of Trial 2. One 

exception was that the pigs were of both sexes, whereas group 

2 consisted of barrows. Swine in group 2 were of the Hamp

shire breed, while those in this trial were Yorkshire and 

Chester White crossbred animals. 

Biometrlcal Procedures 

Comparisons were made between group data collected before 

exposure and on Individual days after exposure with a t-test 

using a pooled estimate of variance. The pooled estimate 

of variance was obtained from an analysis of variance in 

which pigs were used as blocks. 
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RESULTS 

Hematologic Study Results 

Erythrocyte sedimentation rate 

Method comparison study Erythrocyte sedimentation 

rates were determined on blood samples from 50 pigs. The age, 

weight, sex, breed and specific-pathogen-free status of the 

animals are listed in Table 2. The ESR of each blood sample 

was determined in triplicate by each of 3 methods: modified 

Westergren method using diluted blood, Westergren method with 

undiluted blood and the Wintrobe method using undiluted blood. 

Results of these determinations are in Table 3» The consist

ency, or precision in statistical terms, of the observations 

within the 50 animals was evaluated with several criteria. 

These included average range, average variance, average coef

ficient of variation and pooled variance, as shown in Table 4. 

Results of all evaluating criteria indicate that the modified 

Westergren was the most consistent method for determining the 

ESR of swine blood in this study. All ESR measurements were 

made by this method during the study. Thirty-four young pigs, 

1 to 2 months of age and of both sexes, had ESR rates with a 

mean and standard error of 2.81 (t 3*79) mm./hr. There was no 

significant difference in the sedimentation rate between sexes 

in this group. Average ESR for 13, 3-Month-old, female pigs 

was 2.36 (± 0.15) mm./hr. and for 3 males, 6 to 6 and one-

half-months-old, the average ESR was 6.83 mm./hr. 
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Table 2. Characteristics of swine used for comparison of 
ESR methods 

No. Weight Age Sex Breed̂  SPP 

1 2 mo. M Land & Hamp 

2 2 mo. M Land & Hamp 

3 185 6 1/2 mo. CM 

4 165 6 1/2 mo. CM 

5 165 6 mo. CM 

6 3 1/3 mo. M Land & Hamp 2 gen. 

7 65 . 3 mo. F 7/8 York 2 gen. 
8 62 3 mo. P 7/8 York 2 gen. 

9 58 3 mo. F 7/8 York 2 gen. 

10 57 3 mo, F 7/8 York 2 gen. 

11 72 3 mo. F 7/8 York 2 gen. 

12 90 3 mo. F 7/8 York 2 gen. 

13 73 3 mo. F 7/8 York 2 gen. 

1̂  82. 3 mo. F 7/8 York 2 gen. 

15 82 3 mo. F 7/8 York 2 gen. 

16 72 3 mo. F 7/8 York 2 gen. 

17 64 3 mo. F 7/8 York 2 gen. 

18 26 1 mo. F 7/8 York 2 gen. 

19 24 1 mo. F 7/8 York 2 gen. 

20 22 1 mo. F 7/8 York 2 gen. 

21 25 1 mo. F 7/8 York 2 gen. 

22 20 1 mo. M 7/8 York 2 gen. 

23 23 1 mo. F 7/8 York 2 gen. 

24 26 1 mo. F 7/8 York 2 gen. 

25 26 1 mo. M 7/8 York 2 gen. 

a. Land=Landrace, Hamp=Hampshire, York=Yorkshire, 



www.manaraa.com

77 

Table 2 (Continued) 

No. Weight Age Sex Breed SPF 

26 23 1 mo. M 7/8 York 2 gen. 

27 22 1/2 1 mo. M 7/8 York 2 gen. 

28 22 1 mo. M 7/8 York 2 gen. 

29 24 1 mo. F 7/8 York 2 gen. 

30 16 1 mo. F 7/8 York 2 gen. 

31 21 1 mo. F York 2 gen. 

32 21 1 mo. F York 2 gen. 

33 19 1 mo. F York 2 gen. 

3̂  22 1 mo. M York 2 gen. 

35 23 1 mo. F York 2 gen. 

36 21 1 mo. M York 2 gen. 

37 23 1 mo. F York 2 gen. 

38 25 1 mo. M York 2 gen. 

39 16 1 mo. F York 2 gen. 
40 31 1 mo. M 7/8 York 2 gen. 

4-1 33 1 mo. F 7/8 York 2 gen. 

29 1 mo. M 7/8 York 2 gen. 

43 28 1 mo. M 7/8 York 2 gen. 
44 25 1 mo. M 7/8 York 2 gen. 

45 26 1 mo. M 7/8 York 2 gen. 

46 31 1 mo. F 7/8 York 2 gen. 

47 30 1 1/2 mo. M 7/8 York 2 gen. 
48 25 1 1/2 mo. F York 2 gen. 

49 33 1 1/2 mo. F York 2 gen. 

50 34 1 1/2 mo. M York 2 gen. 
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Table 3* Comparison of three erythrocyte sedimentation rate methods on swine blood̂  

Westergren Westergren 

No. 

undiluted 
R® 

diluted 

X R 

Wintrobe 

1 R No. 1 2 3 R® 1 2 3 X R 1 2 3 1 R 

1 2.5 2.5 1.0 2.0 1.5 1.5 1.5 1.5 1.5 0.0 1.5 2.0 2.0 1.8 0.5 
2 5.5 5.5 5.0 5.3 0.5 3.3 3.5 4.0 3.6 0.8 5.0 2.0 3.0 3.3 3.0 
3 2.5 8.0 6.0 5.5 5.5 6.5 6.0 7.0 6.5 1.0 9.5 11.0 9.5 10.0 1.5 
4 7.0 12.0 13.0 10.7 6.0 7.0 6.0 7.0 6.7 1.0 11.0 9.5 12.0 10.8 2.5 
5 8.5 6.5 1.5 5.5 7.0 7.0 8.0 7.0 7.3 1.0 8.5 6.5 6.5 7.2 2.0 

6 1.5 0.5 0.5 0.8 1.6 1.0 1.0 i.s.̂  1.0 0.0 1.5 2.5 1.0 1.7 1.5 
7 7.0 8.0 8.0 7.7 1.0 4.5 4.0 4.0 4.2 0.5 7.0 6.0 7.0 6.7 1.0 
8 6.0 6.0 6.5 6.2 0.5 4.5 5.0 4.5 4.7 0.5 7.0 7.0 6.5 6.8 0.5 
9 3.0 3.0 3.0 3.0 0.0 1.5 1.5 1.5 1.5 0.0 2.5 3.0 2.5 2.7 0.5 
10 6.0 7.0 7.5 6.8 1.5 5.0 5.5 5.0 5.2 0.5 7.0 7.0 7.0 7.0 0.0 

11 2,0 2.0 2.0 2.0 0.0 1.5 1.5 1.5 1.5 0.0 0.5 0.5 0.5 0.5 0.0 
12 5.0 4.0 5.0 4.7 1.0 3.0 3.0 3.0 3.0 0.0 3.5 3.0 4.0 3.5 1.0 
13 5.0 5.0 5.0 5.0 0.0 3.0 3.0 3.0 3.0 0.0 3.5 4.0 4.5 4.0 1.0 
14 3.0 3.0 3.0 3.0 0.0 1.5 1.5 1.5 1.5 0.0 2.0 2.0 2.0 2.0 0.0 
15 1.0 1.5 1.0 1.2 0.5 1.0 1.0 1.0 1.0 0.0 0.5 1.0 1.0 0.8 0.5 
16 1.5 2.0 2.0 1.8 0.5 1.0 1.0 1.0 1.0 0.0 1.0 2.0 1.5 1.5 1.0 
17 1.5 2.0 2.5 2.0 1.0 1.5 1.5 1.5 1.5 0.0 1.5 1.5 1.0 1.3 0.5 
18 3.0 3.0 2.5 2.8 0.5 2.0 2.0 2.5 2.2 0.5 2.0 2.5 2.0 2.2 0.5 
19 2.0 1.0 2.0 1.7 1.0 3.0 3.0 3.0 3.0 0.0 1.5 0.5 1.0 1.0 1.0 
20 5.0 3.0 4.5 4.2 2.0 3.0 3.0 3.0 3.0 0.0 3.0 3.0 3.0 3.0 0.0 

21 6.0 6.5 6.5 6.3 0.5 4.0 4.0 3.5 3.8 0.5 6.0 5.5 6.0 5.8 0.5 
22 2.0 2.0 2.0 2.0 0.0 3.0 3.5 3.5 3.3 0.5 1.0 1.0 1.5 1.2 0.5 

Erythrocyte sedimentation rate results in mm./hr. 
b— X - mean of the three sample values. 

°R - range of the three sample values, 
î.s, - Insufficient sample. 
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Westergren Westergren 

No 

undiluted 
X R 

diluted 
X R 

Wlntrobe 

X R No . 1 2 3 X R 1 2 3 X R 1 2 3 X R 

23 3.0 4.0 3.0 3.3 1.0 2.0 2.0 2.0 2.0 0.0 1.5 1.0 1.0 1.2 0.5 
24 2.0 2.0 2.0 2.0 0.0 2.0 2.5 2.0 2.2 0.5 1.0 1.0 1.0 1.0 0.0 
25 2.0 3.0 2.5 2.5 1.0 1.5 1.5 1.5 1.5 0.0 1.0 1.5 1.0 1.2 0.5 
26 6.0 6.5 7.0 6.5 1.0 3.5 4.0 4.0 3.8 0.5 5.0 5.5 5.0 5.2 0.5 
27 5.0 7.0 6.0 6.0 2.0 4.0 4.0 4.0 4.0 0.0 5.5 5.5 4.0 5.0 1.5 
28 1.5 2.0 2.0 1.8 0.5 1.0 1.5 1.5 1.3 0.5 0.5 0.5 1.0 0.7 0.5 
29 2.0 2.0 1.5 1.8 0.5 1.5 1.5 1.5 1.5 0.0 1.0 1.0 1.0 1.0 0.0 
30 1.5 1.0 1.5 1.3 0.5 0.5 0.5 1.0 0.7 0.5 1.0 0.5 0.5 0.7 0.5 

31 2.0 2.0 2.0 2.0 0.0 1.0 1.0 1.0 1.0 0.0 1.0 0.5 1.0 0.8 0.5 
32 2.0 2.0 2.0 2.0 0.0 1.0 1.0 1.0 1.0 0.0 1.5 2.0 1.0 1.5 1.0 
33 1.0 1.0 0.5 0.8 0.5 0.5 0.5 0.5 0.5 0.0 0.5 0.5 0.0 0.3 0.5 
34 3.0 2.5 3.0 2.8 0.5 2.0 2.0 2.0 2.0 0.0 2.0 2.0 1.5 1.8 0.5 
35 0.5 1.0 0.5 0.7 0.5 0.5 0.5 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 

36 1.5 1.0 1.5 1.3 0.5 1.0 1.0 1.0 1.0 0.0 1.5 1.0 1.5 1.3 0.5 
37 1.5 2.0 1.5 1.7 0.5 1.0 1.0 0.5 0.8 0.5 1.0 1.5 1.0 1.2 0.5 
38 3.0 2.5 3.0 2.8 0.5 2.0 2.0 1.5 1.8 0.5 1.5 2.5 2.0 2.0 1.0 
39 3.0 3.5 3.0 3.2 0.5 2.5 2.0 2.0 2.2 0.5 2.0 3.0 3.0 2.7 1.0 
40 29.0 30.0 50.0 36.3 21.0 21.0 21.0 24.0 22.0 3.0 33.0 33.5 32.0 32.8 1.5 
41 0.5 0.5 0.5 0.5 0.0 1.0 1.0 1.0 1.0 0.0 0.5 0.5 0.5 0.5 0.0 
42 10.5 10.0 10.0 10.2 0.5 7.0 7.5 7.5 7.3 0.5 9.0 9.0 9.0 9.0 0.0 
43 2.5 2.5 2.5 2.5 0.0 1.0 1.0 1.0 1.0 0.0 1.5 1.5 1.5 1.5 0.0 
44 1.0 0.5 0.5 0.7 0.5 1.0 1.0 1.0 1.0 0.0 0.0 0.5 0.5 0.3 0.5 
45 2.0 2.5 3.0 2.5 1.0 1.5 1.5 1.5 1.5 0.0 2.5 2.0 2.5 2.3 0.5 
46 2.0 1.5 1.5 1.7 0.5 1.5 1.5 1.5 1.5 0.0 1.5 1.0 1.5 1.3 0.5 
47 4.0 4.0 3.0 3.7 1.0 2.5 2.5 2.5 2.5 0.0 4.0 3.0 3.5 3.5 1.0 
48 3.0 2.5 2.0 2.5 1.0 2.0 2.0 2.5 2.2 0.5 3.0 3.0 4.0 3.3 1.0 
49 2.0 3.0 2,5 2.5 1.0 1.5 2.0 2.0 1.8 0.5 2.0 2.5 2.5 2.3 0.5 
50 6.5 6.0 6.5 6.3 0.5 4.0 5.0 4.5 4.5 1.0 6.0 6.5 6.0 6.2 0.5 
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Table 4. Consistency of ESR determinations on blood samples 
from 50 pigs 

Westergren 
undiluted 

Westergren 
diluted Wintrobe 

Average range 1.41 0.37 0.67 

Average variance 3.65 0.16 0.23 

Average coefficient 
of variation 0.15 0.06 0.18 

Pooled variance 3.78 0.16 0.25 

Modified Westergren versus dilute Wlntrobe method 

Since the modified Westergren procedure had not been used to 

determine the ESR in sick swine, it was necessary to compare 

it with the Wintrobe method for determining the ESR of sick 

pigs. Gambino et al. (1965)» using human blood, pointed out 

that in ESR determinations, more precision and accuracy can be 

obtained with diluted blood using either the Westergren or Win

trobe tubes. In view of this, the Wintrobe method was con

ducted using diluted blood. Forty-eight hours after infection 

with HCV the first samples were collected and the sedimenta

tion rates determined. Animals in the first group were bled 

daily while those in the second group were bled every other 

day. The ESR was determined as soon after collection of blood 

as possible. Table 5 contains results of this study. In the 

first group, the ESR increased from 2 to 6 times the normal 
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Table 5« Comparison of modified Westergren and dilute Wlntrobe methods of deter
mining the erythrocyte sedimentation rate of blood from swine infected 
48 hours previously by a hog cholera virus of high virulence (Group I) 
and moderate virulence (Group II)® 

Group I 

12825 12826 1282? 12828 12829 
Dilute Dilute Dilute Dilute Dilute Dilute Dilute Dilute Dilute Dilute 

Date Westb WlnO West Win West Win West Win West Win 

1969 

8-27 18.0 12.0 17.5 11.0 27.5 23.5 14.0 13.0 16.5 15.0 

8-28 6.0 6.0 3.5 3.5 15.0 13.0 7.5 7.0 8.0 7.5 

8-29 3.0 2.0 2.0 1.5 1.0 1.5 6.5 6.0 

8-30 6.5 5.5 2.5 3.0 D D 11.5 9.5 

8-31 11.0 9.0 D D D 18.0 14.5 

9-1 12.0 10.5 D D D 17.0 12.5 

9-2 12.5 13.5 D D D 18.5 14.5 

9-3 15.5 15.0 D D D 20.0 15.5 

Êrythrocyte sedimentation results in mm./hr. 

M̂odified Westergren. 

Ŵlntrobe. 
D̂-animals died. 
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Group II 

12941 12942 12943 12944 12949 
Dilute Dilute Dilute Dilute Dilute Dilute Dilute Dilute Dilute Dilute 

Date West Win West Win West Win West Win West Win 

1969 

9-17 3.0 3.0 5.0 5.5 5.5 6.0 7.0 6.5 2.0 2.0 

9-19 4.0 4.0 29.0 26.0 18.0 16.0 38.5 29.5 8.0 7.5 

9-22 4.5 4.0 41.0 32.5 22.0 18.0 24.0 19.5 11.0 10.5 

9-24 5.0 5.5 28.0 26.0 30.0 25.5 34.0 26.0 13.0 11.0 

9-26 14.0 12.0 27.5 25.5 30.0 26.5 38.5 31.0 10.5 8.5 

9-29 31.0 23.0 13.5 15.0 29.5 24.0 34.0 26.5 28.0 20.5 

10-1 40.0 31.0 9.0 10.0 13.0 12.0 27.5 21.5 26.5 18.0 

10-3 33.5 28.0 D 4.0 5.0 28.0 21.5 24.0 19.0 

10-6 24.0 20.0 D D 35.0 26.0 19.0 14.0 

10-8 31.5 27.0 D D 63.0 43.0 24.5 17.0 

10-10 44.5 34.0 D D D 14.0 11.5 

10-13 97.5 56.0 D D D 8.0 6.0 

10-15 61.5 43.5 D D D 5.5 5.0 



www.manaraa.com

R3 

rate within 24 hours after Infection. Total leukocyte counts 

decreased to approximately one-third or one-half their normal 

values, however only 2 of the 5 animals had TWBC counts which 

were considered leukopenic. Body temperatures also increased, 

within 24 hours after infection, to approximately 105*8 P. 

The second group of pigs, which had been infected with a less 

virulent strain of HC, reacted more slowly; however, the ESR 

increase occurred at the same time as the body temperature rose 

and the leukopenia developed. These results indicate that the 

modified Westergren and Wintrobe methods demonstrated changes 

in the ESR, produced by the HCV, as quickly as changes in body 

temperature and total leukocyte count. A comparison of the 

data on ESB, TWBC and body temperature values clearly demon

strates that the ESR demonstrated a pathologic change in the 

blood as definitely and in some cases more rapidly than the 

other two diagnostic criteria of HC. 

Erythrocyte sedimentation rate of experimental animals 

This series of observations Is listed In Table 6. All of the 

animals Infected with virulent HCV-325 had at least a two-fold 

increase in their ESR values by 24 hours after Infection. This 

markedly increased rate persisted for 2 to 4 days and then de

clined sharply. Erythrocyte sedimentation rates of the 2 

groups of animals (Groups II and IV) infected with the less 

virulent HCV-II325 strain also had elevated ESR values. How

ever, a two-fold increase in rates was not evident for 2 to 

5 days following infection. In contrast to the short period 
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Table 6. Changes In erythrocyte sedimentation rate produced 
by infection of susceptible pigs with highly viru
lent (HCV-325) and less virulent (HCV-II325) hog 
cholera viruseŝ  

Group I HCV-325 
Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 1.0 1.5 5.0 6.0 1.0 
8-21 2.5 2.0 7.0 6.0 2.0 
8-22% 3.0 3.5 9.5 5.0 3.0 
8-25° 2.5 2.5 12.0 • 3.5 2.5 
8-26 9.0 10.0 27.0 . 10.0 16.0 
8-27 18.0 17.5 27.5 14.0 16.5 
8-28 6.0 3.5 15.o„ 7.5 8.0 
8-29 3.0 2.0 D° 1.0 6.5 
8-30 6.5 2.5 D D 11.5 
8-31 11.0 D D D 18.0 
9-1 12.0 D D D 17.0 
9-2 15.5 D D D 18.5 
9-3 15.5 D D D 20.0 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 2.0 4.5 2.5 3.0 2.5 
9-11 4.5 4.0 3.0 4.0 3.0 
9-12% 4.0 5.5 3.5 5.0 4.0 
9-15 3.5 4.5 3.5 3.5 2.5 
9-17 3.0 5.0 5.5 7.0 2.0 
9-19 4.0 29.0 18.0 38.5 8.0 
9-22 4.5 41.0 22.0 24.0 11.0 
9-24 5.0 28.0 30.0 34.0 13.0 
9-26 14.0 27.5 30.0 38.5 10.5 
9-29 31.0 13.5 29.5 34.0 28.0 
10-1 40.0 9.0 13.0 27.5 26.5 
10-3 33.5 D 4.0 28.0 24.0 
10-6 24.0 D D 35.0 19.0 
10-8 31.5 D D 63.0 24.5 
10-10 44.5 D D D 14.0 
10-13 97.5 D D D 8.0 
10-15 61.5 D D D 5.5 

Êrythrocyte sedimentation rate results in mm./hr. 
D̂ate of infection. 

°D-animal died. 
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Table 6 (Continued) 

Group III HCV-325 

Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 3.0 
10-23 3.0 
10-24 4.0 
10-27 3.5 
10-28 17.5 
10-29 23.0 
10-30 14.0 
10-31 11.0 
11-1 8.0 
11-2 23.0 
11-3 22.5 
11-4 31.0 
11-5 27.5 
11-6 D 
11-7 D 

4.0 4.0 
7.0 4.5 
7.5 4.0 
4.0 3.0 

22.5 20.5 
15.0 24.0 

5.0 3.0 
4.5 3.0 

14.0 7.0 
30.0 13.5 
36.0 16.0 
31.5 25.0 
35.0 D 
37.0 D 
36.5 D 

3.5 4.0 
6.0 5.0 
5.5 5.0 
5.0 4.0 
16.0 19.0 
28.0 14.0 
3.5 7.0 
3.5 11.0 

D 14.0 
D 21.5 
D 22.0 
D 21.0 
D 18.0 
D D 
D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 3.0 3.0 2.5 3.5 2.5 
11-13 4.0 4.0 2.0 4.5 3.5 
ll-l4b 3.0 3.0 2.0 5.0 3.0 
11-17 3.0 3.0 2.0 4.5 4.5 
11-19 5.0 5.0 4.5 6.0 5.5 
11-21 20.0 24.5 20.0 28.0 27.5 
11-24 29.0 17.5 31.0 57.5 19.5 
11-26 17.5 15.0 22.0 67.0 14.0 
11-28 25.5 24.5 21.0 63.0 14.0 
12-1 D 16.0 55.0 D 19.5 
12-3 D 30.0 30.0 D 19.0 
12-5 D 25.0 D D 14.0 
12-8 D 21.5 D D 5.0 
12-10 D 19.0 D D '  5.0 
12-12 D 23.5 D D 5.0 



www.manaraa.com

86 

during which the elevated ESR values persisted in the pigs 

infected by the virulent HCV, the rate in these animals re

mained increased to at least twice their normal levels for 

from 5 to 11 days. 

Seven of ten animals (Groups I and III) infected with 

virulent HCV had abnormally high ESR values at the time of 

death or euthanasia. Eight of ten pigs infected with the 

moderately virulent HCV-11325 also had markedly increased 

ESR's at the time of death or conclusion of the respective 

study. In all cases, except those animals which died too 

early to manifest it, the ESR increases occurred in two peri

ods separated by a period of decline of which was variable 

duration and intensity. 

Statistically significant differences occurred between 

postinfection group means and pre-exposure group means on the 

days on which at least 3-fold Increases of ESR occurred. 

Packed cell volume 

The sharp reduction in the PCV of pigs infected with 

highly virulent HCV-325 was quite dramatic. Within 24 hours 

after Infection, PCV values of animals in Groups I and III 

dropped an average of 5*35 percent per animal. These data 

are listed in Table 7» which also contains PCV findings for 

the animals infected with the less virulent HCV-11325• An 

average drop of 3*0 percent per animal was observed in these 

animals during the initial 48 hours following infection. 
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Table 7» Changes in packed cell volume of young swine 
infected with highly virulent (HCV-325) or less 
virulent (HCV-11325) hog cholera virus®-

Group I HCV-325 

Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 33.5 35.0 34.5 34.5 37.0 
8-21 32.5 34.5 33.0 37.0 36.5 
8-22. 33.5 35.0 31.5 36.0 34.5 
8-25° 33.0 34.5 35.0 35.0 36.0 
8-26 30.5 30.5 28.5 31.5 29.0 
8-27 27.5 31.5 22.5 28.5 29.5 
8-28 31.0 32.5 30.5- 32.0 32.0 
8-29 30.5 36.0 D° 37.5 31.0 
8-30 26.0 38.0 D D 29.5 
8-31 26.0 D D D 28.5 
9-1 27.5 D D D 28.5 
9-2 26.0 D D D 28.5 
9-3 24.0 D D D 27.0 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 34.5 33.5 34.5 34.5 34.0 
9-11 35.5 32.5 34.0 34.5 35.0 
9-12, 34.0 32.5 33.0 35.0 35.0 
9-15 38.0 37.0 36.5 39.0 38.0 
9-17 38.5 35.5 31.5 33.5 37.0 
9-19 37.5 33.0 30.5 31.5 34.5 
9-22 39.5 32.0 31.5 31.0 34.0 
9-24 36.5 34.5 31.5 30.5 33.0 
9-26 33.5 36.5 30.0 31.5 32.5 
9-29 33.5 3̂ .5 31.0 28.0 28.0 
10-1 34.5 35.5 32.0 26.0 30.5 
10-3 32.5 D 33.5 25.0 28.5 
10-6 33.0 D D 22.5 32.0 
10-8 30.5 D D 22.0 33.5 
10-10 30.5 D D D 31.0 
10-13 28.5 D D D 30.5 
10-15 30.0 D D D 32.0 

P̂acked cell volume reported as percentage. 

D̂ate of infection. 

D̂-animal died. 
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Table 7 (Continued) 

Group III HCV-325 

Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 36.5 36.5 36.0 36.5 35.0 
10-23 35.5 35.0 36.0 36.0 31.5 
10-24 37.0 35.0 35.5 35.5 32.5 
10-27 37.5 36.5 36.0 36.0 34.5 
10-28 32.5 29.5 30.5 30.5 27.5 
10-29 28.0 30.5 30.5 30.0 28.5 
10-30 29.5 31.5 31.5 37.0 29.0 
10-31 32.0 33.5 31.5 40.5 28.5 
11-1 30.5 31.5 31.5 D 28.0 
11-2 29.5 29.5 31.0 D 26.5 
11-3 29.0 28.5 31.0 D 27.5 
11-4 29.5 28.0 28.0 D 26.5 
11-5 28.5 27.0 D D 27.0 
11-6 D 26.5 D D D 
11-7 D 27.5 D D D 

Group IV HCV-1I325 

13023 13024 13143 13144 13145 

11-12 37.5 34.5 36.5 35.0 35.5 
11-13 36.0 32.0 37.0 31.5 33.0 
11-14 35.0 32.0 36.5 31.5 33.0 
11-17 36.0 33.5 37.5 34.5 34.5 
11-19 32.5 30.5 32.0 30.0 33.0 
11-21 31.5 26.0 32.0 26.5 29.5 
11-24 35.5 29.0 34.5 27.5 28.0 
11-26 36.0 32.0 33.5 27.0 29.0 
11-28 34.5 31.0 33.0 26.0 30.0 
12-1 D 30.5 15.5 D 30.0 
12-3 D 27.5 8.5 D 28.5 
12-5 D 26.0 D D 26.0 
12-8 D 24.0 D D 28.5 
12-10 D 24.0 D D 30.5 
12-12 D 23.5 D D 28.5 
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Following this Initial, rapid reduction, the PCV of all animals 

continued to decrease. This reduction, although frequently 

Irregular and occasionally reversed, persisted in 15 of the 

20 animals until shortly before they died or the experiment 

was terminated. In some cases the PCV increased sharply for 

varying periods of time. In some cases the levels observed 

in comatose and moribund animals exceeded pre-infection levels. 

In both relatively healthy-appearing but sick animals and those 

which were moribund, the PCV, Hgb and TRBC followed similar 

response patterns to the effects of the disease. 

Significant differences were observed in the mean values 

of Group I on days 1 through 3 and 5 through 7> Group II on 

days 14 through 28, Group III on days 0 through 10, and Group 

IV on days 1̂  through 23. 

Hemoglobin concentration 

A precipitous drop in Hgb occurred shortly after infection 

in animals infected by both strains of HCV (Table 8). More 

profound decreases in Hgb were observed in animals infected 

with virulent HCV-325. An average reduction in Hgb of 1.82 

grams percent per animal occurred. The ten other animals in

fected with less virulent HCV-II325 had an average reduction 

of 0.88 grams percent per animal at 48 hours postinfection 

(p.i.). Transient elevations in Hgb levels occurred 2 to 7 

days after the initial decline and varied in duration from 

2 to 5 days. Elevations in Hgb were observed in animals which 
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Table 8. Influence of infection by hog cholera viruses of 
high (HCV-325) and moderate (HCV-II325) virulence 
on hemoglobin levels of young pigŝ  

Group I HCV-325 

Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 10.3 11.5 11.2 11.7 12.4 
8-21 10.2 11.4 10.3 12.0 12.4 
8-22. 10.6 11.4 10.2 11.9 11.5 
8-25* 10.0 11.2 10.7 11.4 12.0 
8-26 9.4 9.9 8.1 10.6 9.6 
8-27 8.7 10.4 6.8 9.4 9.0 
8-28 9.6 10.6 10.0 10.2 10.4 
8-29 9.9 11.9 11.9 10.3 
8-30 9.4 11.7 D D 10.2 
8-31 8.3 D D D 9.3 
9-1 8.4 D D D 9.6 
9-2 7.7 D D D 9.0 
9-3 7.2 D D D 8.3 

Group II HCV-11325 

12941 12942 

9-10 10.9 10.4 
9-11 11.0 10.3 
9-12, 10.6 10.1 
9-15^ 11.8 11.5 
9-17 12.6 10.7 
9-19 11.6 10.2 
9-22 12.2 10.1 
9-24 11.5 10.9 
9-26 10.7 11.5 
9-29 10.6 10.7 
10-1 11.0 11.2 
10-3 10.4 D 
10-6 10.4 D 
10-8 9.6 D 
10-10 9 . 6  D 
10-13 8.8 D 
10-15 9.1 D 

12943 12944 12945 

10.6 11.0 10.9 
10.4 10.7 11.0 

9.8 11.0 10.9 
10.9 12.2 12.0 
9.5 10.3 11.9 
9.2 9.6 11.2 
9.2 9.4 10.7 
9.4 9.2 10.3 
8.8 9.7 10.1 
9.1 8.3 8.7 
9.2 8.0 9.5 
9.7 7.5 8.7 
D 7.0 10.1 
D 6.6 10.7 
D D 9.9 
D D 9.5 
D D 9.8 

Ĥemoglobin reported in gm./lOO ml. 

D̂ate of infection. 
°D-anlmal died. 
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Table 8 (Continued) 

Group III HCV-325 

Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 11.4 11.4 11.0 11.5 10.9 
10-23 11.2 10.9 10.9 11.4 9.9 
10-24, 11.5 10.7 10.9 11.2 10.4 
10-27 12.4 11.9 11.2 11.8 11.0 
10-28 10.2 9.0 10.0 9.8 8.8 
10-29 8.9 9.9 8.7 9.5 9.1 
10-30 9.6 '  10.3 10.0 12.2 9.6 
10-31 10.2 10.6 9.7 13.4 9.2 
11-1 9.7 9.9 9.6 D 8.8 
11-2 9.6 9.6 9.9 D 8.4 
11-3 9.6 9.0 10.0 D 8.8 
11-4 9.2 8.8 9.4 D 8.4 
11-5 8.8 8.8 D D 8.3 
11-6 D 8.3 D D D 
11-7 D 8.8 D D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 12.0 10.9 11.9 11.1 11.4 
11-13 11.5 10.2 11.9 10.0 10.3 
11-14, 11.2 10.4 11.7 9.7 10.3 
11-17 11.4 10.6 12.4 11.0 10.9 
11-19 10.3 9.8 10.7 9.7 10.4 
11-21 10.4 8.3 10.3 8.0 9.4 
11-24 11.4 9.1 11.2 9.0 9.0 
11-26 11.5 10.4 10.9 8.3 9.1 
11-28 10.7 9.7 10.6 8.1 9.1 
12-1 D 9.7 4.5 D 9.0 
12-3 D 8.4 2.1 D 8.8 
12-5 D 7.9 D D 7.9 
12-8 D 7.6 D D 8.8 
12-10 D 7.5 D D 9.4 
12-12 D 7.2 D D 8.8 
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were moribund at about the same time as the PCV Increases were 

observed. 

Total red blood cell numbers 

Total erythrocyte numbers are recorded in Table 9» De

creases and transient increases In RBC numbers followed fluctu 

ations of Hgb and PCV. The TRBC count of animals infected by 

HCV-325 dropped an average of 794,000 cells within 24 hours 

p.i., while TRBC counts in pigs inoculated with HCV-II325 were 

reduced an average of 713,000 within 48 hours p.i. After 48 

hours p.i., the group of pigs infected by HCV-325 had TRBC 

counts averaging 996,000 less than at pre-inoculation levels. 

Erythrocyte numbers in the healthy young animals before in

fection were observed to fluctuate as much as 1 million BBC's 

from day to day. 

Red blood cell indices 

Three RBC-Hgb indices were calculated using results of 

determinations for PCV, Hgb and TRBC. They were mean corpus

cular volume (MCV), mean corpuscular hemoglobin concentration 

(MCHC), and mean corpuscular hemoglobin (MCH). 

Mean corpuscular volume This is the average volume 

of each RBC and is calculated using the PCV and TRBC by the 

formula: 

MCV = ̂ 0 ̂  PCV 
TRBC number (in millions per cu. mm.) 

Results are reported In cubic microns. 
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Table 9» Red. blood cell numbers of young pigs Infected by a 
highly virulent (Groups I and III) and moderately 
virulent strain (Groups II and IV) of hog cholera 
virus® 

Group I HCV-325 

Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 720 620 803 669 863 
8-21 661 564 700 659 642 
8-22̂  718 621 672 654 657 
8-25̂  688 574 715 549 653 
8-26 613 518 621 536 572 
8-27 663 590 475 526 552 
8-28 674 594 669a 593 618 
8-29 627 650 723 628 
8-30 654 732 D D 594 
8-31 634 D D D 596 
9-1 640 D D D 554 
9-2 558 D D D 565 
9-3 527 D D D 465 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 554 569 619 571 532 
9-11 744 619 803 808 585 
9-12, 536 667 627 708 514 
9-15 659 627 724 837 607 
9-17 642 575 622 569 574 
9-19 677 627 645 594 582 
9-22 623 603 671 627 548 
9-24 625 617 617 542 498 
9-26 581 654 599 566 575 
9-29 628 584 612 488 466 
10-1 646 676 691 483 508 
10-3 608 D 659 448 469 
10-6 603 D D 4o6 519 
10-8 518 D D 382 534 
10-10 566 D D D 519 
10-13 542 D D D 488 
10-15 546 D D D 502 

®Tîed blood cells reported as number of cells x 10̂ /cu. mm. 

D̂ate of Infection. 
®D-anlmal died. 
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Table 9 (Continued) 

Group III HCV-325 

Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 622 644 642 640 603 
10-23 610 632 635 623 569 
10-24, 657 6o4 647 639 578 
10-27 691 660 659 646 601 
10-28 593 540 590 547 512 
10-29 501 564 565 536 516 
10-30 529 575 574 653 516 
10-31 575 596 576 727 515 
11-1 590 597 581 D 540 
11-2 535 500 433 D 465 
11-3 558 561 584 D 499 
11-4 535 531 535 D 474 
11-5 518 492 D D 467 
11-6 D 492 D D D 
11-7 D 504 D D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 632 556 603 565 594 
11-13 585 501 590 524 549 
11-14% 555 507 582 494 540 
11-17 594 538 606 571 548 
11-19 537 499 549 505 524 
11-21 542 428 542 430 518 
11-24 599 484 585 480 496 
11-26 658 558 584 464 510 
11-28 560 520 543 448 527 
12-1 D .516 263 D 510 
12-3 D 440 129 D 482 
12-5 D 426 D D 456 
12-8 D 419 B D 508 
12-10 D 400 D D 529 
12-12 D 383 D D 509 
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Seventy-five percent of the animals manifested a reduction 

in this value during the course of the infection by both HCV 

strains. This was not a consistent and progressive change 

but was quite irregular (Table 10). The decrease was based 

on a comparison of initial and terminal results for this cri

terion. The largest increase was 15*2 cubic microns and big

gest decrease was 9.7 cubic microns. There was no significant 

difference in this value between animals when the comparison 

is based on the virulence of the infecting HCV strain. 

Mean corpuscular hemoglobin A calculated value repre

senting the amount of Hgb in an average SBC. This value is 

calculated by the following formula; 

=  H g b — ^  
TRBC number (millions per cu. mm.) 

MCH values are reported in micromicrograms of Hgb. 

There was no obvious change between initial and final 

results of this value among the pigs in the 4 groups (Table 

11). Largest decrease observed was 3*5 percent and greatest 

increase was 3.4 percent. 

Mean corpuscular hemoglobin concentrât ion This is the 

hemoglobin concentration in an average erythrocyte. It is con

sidered a ratio of weight of Hgb to the volume in which it is 

contained. Calculation is by the formula: 

MPur - Hgb (gm./lOO ml.) z 100 
PCV 

Results are expressed as percent of RBC volume. 

With one exception, there was little change in the MCHC 
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Table 10. Mean corpuscular volume of erythrocytes from young 
swine infected by virulent HCV-325 or less viru
lent HCV-II325 strains of hog cholera virus® 

Group I HCV-325 

Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 46.5 56.5 43.0 51.6 42.9 
8-21 49.2 61.2 47.1 56.1 56.9 
8-22 46.5 56.4 46.9 55.0 52.5 
8-25̂  47.8 60.1 49.0 64.8 55.1 
8-26 49.8 58.9 45.9 58.8 50.7 
8-27 41.5 53.4 47.4 54.2 53.4 
8-28 46.0 54.7 45.6 54.0 51.8 
8-29 48.6 55.4 D° 51.9 49.4 
8-30 39.8 51.9 D D 49.7 
8-31 41.0 D D D 47.8 
9-1 43.0 D D D 51.4 
9-2 46.6 D D D 50.4 
9-3 45.5 D D D 58.1 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 62.3 58.9 55.7 60.4 63.9 
9-11 47.7 52.5 42.3 42.7 59.8 
9-12̂  63.4 48.7 52.6 49.4 68.1 
9-15̂  57.7 59.0 50.4 • 46.6 62.6 
9-17 60.0 61.7 50.6 58.9 64.5 
9-19 55.4 52.6 47.3 53.0 59.3 
9-22 63.4 53.1 46.9 49.4 62.0 
9-214- 58.4 55.9 51.1 56.3 66.3 
9-26 57.7 55 • 8 50.1 55.7 56.5 
9-29 53.3 59.1 50.7 57.4 60.1 
10-1 53.4 52.5 46.3 53.8 60.0 
10-3 53.5 D 50.8 55.8 60.8 
10-6 54.7 D D 55.4 61.7 
10-8 58.9 D D 57.6 62.7 
10-10 53.9 D D D 59.7 
10-13 52.6 D D D 62.5 

M̂ean corpuscular volume reported in cubic microns. 
D̂ate of infection. 

D̂-animal died. 
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Table 10 (Continued) 

Group III HCV-325 
Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 58.7 56.7 56.1 57.0 58.0 
10-23 58.2 55.4 56.7 57.8 55.4 
10-24. 56.3 57.9 54.9 55-6 56.2 
10-27 54.3 55.3 54.6 55.7 57.4 
10-28 54.8 54.6 51.7 55.8 53.7 
10-29 55.9 54.1 54.0 56.0 55.2 
10-30 55.8 54.8 54.9 56.7 56.2 
10-31 55.7 56.2 54.7 55.7 55.3 
11-1 51.7 52.8 54.2 D 51.9 
11-2 55.1 59.0 71.6 D 57.0 
11-3 52.0 50.8 53.1 D 55.1 
11-4 55.1 52.7 52.3 D 55.9 
11-5 55.0 54.9 D D 57.8 
11-6 D 53.9 D D D 
11-7 D 54.6 D D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 59.3 62.1 60.5 61.9 59.8 
11-13 61.5 63.9 62.7 60.1 60.1 
11-14, 63.1 63.1 62.7 63.8 61.1 
11-17* 60.6 62.3 61.9 60.4 63.0 
11-19 ÔO.5 61.1 58.3 59.4 63.0 
11-21 58.1 60.7 59.0 61.6 56.9 
11-24 59.3 60.0 59.0 57.3 56.5 
11-26 54.7 57.3 57.4 58.2 56.9 
11-28 61.6 59.6 60.8 58.0 56.9 
12-1 D 59.1 58.9 D 58.8 
12-3 D 62.5 65.9 D 59.1 
12-5 D 61.0 D D 57.0 
12-8 D 57.3 D D 56.1 
12-10 D 60.0 D D 57.7 
12-12 D 61.4 D D 56.0 
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Table 11. Mean corpuscular hemoglobin of erythrocytes from 
young swine infected by virulent HCV-325 or less 
virulent HCV-11325 hog cholera virus& 

Group I HCV-325 
Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 14.3 18.5 13.9 17.5 14.4 
8-21 15.4 20.2 14.7 18.2 19.3 
8-22. 14.7 18.4 15.2 18.2 17.5 
8-25% 14.5 19.5 15.0 20.8 18.4 
8-26 15.3 19.1 13.0 19.8 16.8 
8-27 13.1 17.6 14.3 17.9 16.3 
8-28 14.2 17.8 14.9. 17.2 16.8 
8-29 15.8 18.3 16.5 16.4 
8-30 14.4 16.0 D D 17.2 
8-31 13.1 D D • D 15.6 
9-1 13.1 D D D 17.3 
9-2 13.8 D D D 15.9 
9-3 13.7 D D D 17.8 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 19.7 18.3 17.1 19.3 20.5 
9-11 14.8 16.6 13.0 13.2 18.8 
9-12, 19.8 15.1 15.6 15.5 21.2 
9-15% 17.9 18.3 15.1 14.6 19.8 
9-17 19.6 18.6 15.3 18.1 20.7 
9-19 17.1 16.3 14.3 16.2 19.2 
9-22 19.6 16.7 13.7 15.0 19.5 
9-24 18.4 17.7 15.2 17.0 20.7 
9-26 18.4 17.6 14.7 17.1 17.6 
9-29 16.9 18.3 14.9 17.0 18.7 
10-1 17.0 16.6 13.3 16.6 18.7 
10-3 17.1 D 14.7 16.7 18.6 
10-6 17.2 D D 17.2 19.5 
10-8 18.5 D D 17.3 20.0 
10-10 17.0 D D D 19.1 
10-13 16.2 D D D 19.5 

M̂ean corpuscular hemoglobin reported in micromicrograms. 

D̂ate of infection. 

-animal died. 
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Table 11 (Continued) 

Group III HCV-325 
Date Animal numbers 

1969 13136 13137 13138 13139 1314( 

10-22 18.3 17.7 17.1 18.0 18.1 
10-23 18.4 17.2 17.2 18.3 17.4 
10-24 17.5 17.7 16.8 17.5 18.0 
10-27 17.9 18.0 17.0 18.3 18.3 
10-28 17.2 16.7 16.9 17.9 17.2 
10-29 17.8 17.6 15.4 17.7 17.6 
10-30 18.1 17.9 17.4 18.7 18.6 
10-31 17.7 17.8 16.8 18.4 17.9 
11-1 16.4 16.6 16.5 D 16.3 
11-2 17.9 19.2 22.9 D 18.1 
11-3 17.2 16.0 17.1 D 17.6 
11-4 17.2 16.6 17.6 D 17.7 
11-5 17.0 17.9 D D 17.8 
11-6 D 16.9 D D D 
11-7 D 17.5 D D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 19.0 19.6 19.7 19.6 19.2 
11-13 19.7 20.4 20.2 19.1 18.8 
11-14 20.2 20.5 20.1 19.6 19.1 
11-17 19.2 19.7 20.5 19.3 19.9 
11-19 19.2 19.6 19.5 19.2 19.8 
11-21 19.2 19.4 19.0 18.6 18.1 
11-24 19.0 18.8 19.1 18.8 18.1 
11-26 17.5 18.6 18.7 17.9 17.8 
11-28 19.1 18.7 19.5 18.1 17.3 
12-1 D 18.8 17.1 D 17.6 
12-3 D 19.1 16.3 D 18.3 
12-5 D 18.5 D D 17.3 
12-8 D 18.1 D D 17.3 
12-10 D 18.8 D D 17.8 
12-12 D 18.8 D D 17.3 
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values of the pigs in all groups during the course of the 

disease. Animal 131̂ 3 had an initial MCHC of 32.6 and ter

minal report of 24.? micromicrograms of Hgb. A majority of 

the other animals had changes of less than 3*5 micromicrograms 

of Hgb per animal. Results of this value fluctuated sharply, 

as did the MCV and MCH values, during the course of the disease 

(Table 12). 

Total white blood cell counts 

Data from TWBC counts are tabulated in Table 13. A severe 

drop in numbers of TWBC was observed, as expected, within 2̂ 1-

hours after infection with virulent strain HCV-325 (Groups I 

and III). Counts below 9,000 WBC per cu. mm, were observed 

in all pigs of Groups I and III within 48 hours p.i. and in 

70 percent of these pigs TWBC counts of 9,000 or above were 

not detected after the initial fall. Three animals in Group 

III had counts above 9,000 on 1 or 2 days, after which a pro

found leukopenia prevailed. A TWBC count below 10,000 cells 

per cu. mm. is considered to be in the leukopenic range for 

swine of this age (Dunne, I963). Among the animals of Groups 

II and IV infected with the less virulent HCV-II325, much 

longer periods of time between infection and onset of leuko

penia were observed. In Group II, leukopenic levels were not 

observed until l44 hours p.i. and at that time only 1 of the 

5 animals had a TWBC count in the leukopenic range. However 

all 5 animals in Group IV had leukocyte counts in the leuko-
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Table 12. Mean corpuscular hemoglobin concentration of red 
blood cells from swine infected by either highly 
virulent HCV-325 or less virulent HCV-11325 hog 
cholera viruŝ  

Group I HCV-325 

Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 30.7 32.9 32.5 33.9 33.5 
8-21 31.̂  33.0 31.2 32.4 34.0 
8-22% 31.6 32.6 32.4 33.1 33.3 
8-25° 30.3 32.5 30.6 32.6 33.3 
8-26 30.8 32.5 28.4 33.7 33.1 
8-27 31.6 33.0 30.2 33.0 30.5 
8-28 31.0 32.6 32.8 31.9 32.5 
8-29 32.5 33.1 D° 31.7 33.2 
8-30 36.2 30.8 D D 34.6 
8-31 31.9 D D D 32.6 
9-1 30.5 D D D 33.7 
9-2 29.6 D D D 31.6 
9-3 30.0 D D D 30.7 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 31.6 31.0 30.7 31.9 32.1 
9-11 31.0 31.7 30.6 31.0 31.4 
9-12% 31.2 31.1 29.7 31.4 31.1 
9-15 31.1 31.1 29.9 31.3 31.6 
9-17 32.7 30.1 30.2 30.7 32.2 
9-19 30.9 30.9 30.2 30.5 32.5 
9-22 30.9 31.6 29.2 30.3 31.5 
9-24 31.5 31.6 29.8 30.2 31.2 
9-26 31.9 31.5 29.3 30.8 31.1 
9-29 31.6 31.0 29.4 29.6 31.1 
10-1 31.9 31.5 28.8 30.8 31.1 
10-3 32.0 D 29.0 30.0 30.5 
10-6 31.5 D D 31.1 31.6 
10-8 31.5 D D 30.0 31.9 
10-10 31.5 D D D 31.9 
10-13 30.9 D D D 31.1 

M̂ean corpuscular hemoglobin reported in percentage. 

D̂ate of Infection. 

°D-anlmal died. 
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Table 12 (Continued) 

Group III HCV-325 

Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 31.2 31.2 30.6 31.5 31.1 
10-23 31.5 31.1 30.3 31.7 31.4 
10-24, 31.1 30.6 50.7 31.5 32.0 
10-27 33.1 32.6 31.1 32.8 31.9 
10-28 31.4 30.5 32.8 32.1 32.0 
10-29 31.8 32.5 28.5 31.7 31.9 
10-30 32.5 32.7 31.7 33.0 33.1 
10-31 31.9 31.6 30.8 33.1 32.3 
11-1 31.8 31.4 30.5 D 31.4 
11-2 32.5 32.5 31.9 D 31.7 
11-3 33.1 31.6 32.3 D 32.0 
11-4 31.2 31.4 33.6 D 31.7 
11-5 30.9 32.6 D D 30.7 
11-6 D 31.3 D D D 
11-7 D 32.0 D D D 

Group IV Hcv-11325 

13023 13024 13143 13144 13145 

11-12 32.0 31.6 32.6 31.7 32.1 
11-13 31.9 31.9 32.2 31.7 31.2 
11-14 32.0 32.5 32.1 30.8 31.2 
11-17 31.7 31.6 33.1 31.9 31.6 
11-19 31.7 32.1 33.̂  32.3 31.5 
11-21 33.0 32.0 32.2 30.2 31.9 
11-24 32.1 31.4 32.5 32.7 32.1 
11-26 31.9 32.5 32.5 30.7 31.4 
11-28 31.0 31.3 32.1 31.2 30.3 
12-1 D 31.8 29.0 D 30.0 
12-3 D 30.5 24.7 D 30.9 
12-5 D 30.4 D D 30.4 
12-8 D 31.7 D D 30.9 
12-10 D 31.3 D D 30.8 
12-12 D 30.6 D D 30.9 
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Table 13. Total white blood cell counts of young pigs in
fected by a highly virulent strain (HCV-325) and 
a less virulent strain (HCV-II325) of hog cholera 
viruŝ  

Group I HCV-325 
Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 21,582 19,303^ I8,40&h 20,5005 21,700^ 
8-21 32,836 23,500° 17,800° 19,800° 21,194, 
8-22^ 28,557 30,149, 20,600? 19,800° 23,000° 
8-25° 24,158 19,300° 17,900° 20,900° 25,800° 
8-26 13,731 9,106° 13,069 12,900° 8,186° 
8-27 8,684 5,461 6,714 5,369 4,577 
8-28 2,915 6,739 6,102, 7,429 5,181 
8-29 4,436 7,349 D 8,143 3,836 
8-30 7,929 8,522 D D 5,403^ 
8-31 6,600, D D D 7,222° 
9-1 5,670° D D D 7,208° 
9-2 6,190° D D D 7,390° 
9-3 5,237 D D D 5,171 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 24,975b 28,500̂  27,064% 18,905% 34,726. 
9-11 25,100? 18,507% 26,700° 18,800° 35,800. 
9-12 25,300° 21,000° 25,000° 19,400° 31,400, 
9-15 25,600° 21,100° 26,100 34,500° 25,900! 
9-17 31,243, 15,522 17,910% 20,800° 25,100. 
9-19 32,100° 12,935 16,500° 13,831 12,700 
9-22 29,200 13,930 12,600° 11,244% 8,663 
9-24 25,100, 7,227% 7,590° 10,800° 9,603 
9-26 14,900 15,100° 8,375b 10,400° 7,590. 
9-29 11,916% 8,500° 8.213g 7,790° 5,993 
10-1 7,638° 11,075 10,141° 5,907g 8,396 
10-3 11,048° D 13,272 6,465% 10,869 
10-6 13,513 D D 6,299% 14,203 
10-8 9,349% D D 3,537"^ 21,293 
10-10 5,958° D D D 24,477 
10-13 6,336^ D D D 27,300 
10-15 8,214° D D D 23,200 

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

N̂o immature red blood cells observed in blood smear. 
°Date of Infection. 

D̂-animal died. 
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Table 13 (Continued) 

Group III HCV-325 

Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 25,700% 22,200? 25,400% 26,800̂  20,500% 
10-23 24,300° 18,600^ 23,000° 24,200° 17,000° 
10-24 26,000^ 22,500° 24,776 30,300° 19,900° 
10-27 26,300° 19,100° 22,487 26,300° 19,600° 
10-28 12,658° 12,306 12,953 18,500° 14,066° 
10-29 5,899 6,138 4,822 7,120° 5,946 
10-30 6,387 10,442 5,286 9,829 6,885 
10-31 4,253 7,228% 6,905 14,127 4,936 
11-1 5,507% 7,190g 5,760% D • 7 ,401 
11-2 5,940° 7,920g 6,733 D 9,212 
11-3 5,837g 5,658% 5,543% D 6,783% 
11-4 4,013% 5,08lg 5,826^ D 6,848° 
11-5 3,816^ 4,257% D D 8,227 
11-6 D ^,956g D D D 
11-7 D 4,411^ D D D 

Group IV HCV-11325 

13023 

11-12 13 , 616^ 
11-13 20 ,497% 
11-14 18 ,500g 
11-17 16 
11-19 19 
11-21 7 ,966% 
11-24 9 .535t 
11-26 5 ,866° 
11-28 4 ,549" 
12-1 D 
12-3 D 
12-5 D 
12-8 D 
12-10 D 
12-12 D 

13024 13143 

12,469% 20 ,700g 
16,900° 25 ,600g 
12,800? 21 ,400g 
11,293g 
10,837g 

19 ,300g 11,293g 
10,837g 14 ,994g 

8,329 7 ,604g 
5,938% 10 ,669g 
5,607% 6 ,370* 
7,002° 8 ,723% 
4,730% 4 ,905 
7,702g 2 ,507 
3,573g D 
3,964° D 
4,622* D 
6,083 D 

13144 13145 

17,000g 13,594 
26,500g 20,398. 
19,100g 16,000^ 
14,045g 13,993 
12,335g 24,233 

9,732° 8,380. 
10,076, 7,802. 

7,977g 4,352 
6,943^ 6,764 

D 5,845-
D 5,002. 
D 4,889 
D 4,963 
D 7,455 
D 21,400 
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penlc range within 96 hours after infection. It should be 

pointed out that ̂  of 5 animals in Group II had WBC counts 

well above leukopenic levels at various times after the initial 

leukopenia occurred. Significant differences occurred in the 

mean values of Group I on days 1 through 8; Group III on days 

I through 10; Group II on days 2 through 10 and Group IV on 

days 2 through 23. 

Animal 12941 did not manifest either a profound leukopenia 

or decrease in ESR until approximately 120 hours after the 

other animals in Group II were showing these changes. A flu

orescent antibody serum neutralization test was conducted on 

pre-infection serum from this animal by Dr. W. C. Stewart, of 

the Virology Section, Diagnostic Services, NADL, Ames, Iowa, 

A neutralization titer of 0,6 against HCV was obtained with 

the serum. This low antibody titer, according to Dr, Stewart, 

was sufficient to account for the delayed reaction of the pig 

to HCV-11325, 

Reticulocyte counts 

Conspicuous reduction in reticulocyte numbers in every 

pig, regardless of the strain of HCV infecting them, is evident 

from Table l4. Groups I and III (virulent strain) had average 

pre-infection reticulocyte levels of 1.0 and 1.4 percent re

spectively (Figure 9). Forty-eight hours after infection with 

HCV-325 these values dropped to 0.5 and 0.4 percent. Groups 

II and IV, infected by the less virulent HCV-11325, had pre-
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Table 14. Reticulocyte counts from blood of young pigs in
fected by highly virulent strain (HCV-325) or 
strain with reduced virulence (HCV-11325) of hog 
cholera virus® 

Group I HCV-325 
Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 7(1.4̂ ) 10(2.0*) 4(0.8*) 3(0.6*) 3(0.6*) 
8-21 8(1.6̂ ) 6(1.2*) 3(0.6*) 2(0.4*) 5(1.0*) 
8-22, 9(1.8^) 11(2.2*) 4(0.8*) 3(0.6*) 12(2.4*) 
8-25° 3(0.6*) 8(1.6*) 7(1.4*) 4(0.8*) 13(2.6*) 
8-26 4(0.82) 17(3.4*) 5(1.0*) 4(0.8*) 14(2.8*) 
8-27 1(0.2̂ ) 1(0.2*) 5(1.0*) 3(0.6*) 3(0.6*) 
8-28 2(0.4*) 0 2(0.4*) 7(1.4*) 4(0.8*) 
8-29 1(0.2*) 10(2.0*) DC 3(0.6*) 4(0.8*) 
8-30 0 3(0.6*) D D 2(0.4*) 
8-31 0 D D D 4(0.8*) 
9-1 1(0.2*) D D D 1(0.2*) 
9-2 0 D D D 0 
9-3 0 D D D 3(0.6*) 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 6(1.2*) 13(2.6*) 15(3.0*) 13(2.6*) 12(2.4*) 
9-11 13(2.6*) 17(3.4*) 18(3.6*) 17(3.4*) 19(3.8*) 
9-12% 15(3.0*) 14(2.8*) 13(2.6*) 18(3.6*) 25(5.0*) 
9-15 18(3.6*) 20(4.0*) 13(2.6*) 9(1.8*) 16(3.6*) 
9-17 7(1.4*) 9(1.8*) 6(1.2*) 8(1.6*) 13(2.6*) 
9-19 1(0.2*) 5(1.0*) 4(0.8*) 4(0.8*) 13(2.6*) 
9-22 6(0.4*) 1(0.2*) 0 1(0.2*) 2(0.4*) 
9-24 14(2.8*) 0 0 1(0.2*) 2(0.4*) 
9-26 4(0.8*) 2(0.4*) 3(0.6*) 1(0.2*) 0 
9-29 0 1(0.2*) 1(0.2*) 0 3(0.6*) 
10-1 2(0.4*) 0 1(0.2*) 1(0.2*) 8(1.6*) 
10-3 1(0.2*) D 0 0 4(0.8*) 
10-6 5(1.0*) D D 3(0.6*) 10(2.0*) 
10-8 1(0.2*) D D 1(0.2*) 13(2.6*) 
10-10 0 D D D 8(1.6*) 
10-13 0 D D D 10(2.0*) 
10-15 0 D D D 13(2.6*) 

R̂eticulocytes reported in number counted/500 red blood 
cells with percentage in parenthesis. 

D̂ate of infection. 
°D-anlmal died. 
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Table l4 (Continued) 

Group III HCV-325 

Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 7(1.4#) 7(1.4#) 7(1.4#) 6(1.2#) 10(2.0#) 
10-23 11(2.2#) 4(0.8#) 10(2.0#) 5(1.0#) 7(1.4#) 
10-24 8(1.6#) 7(1.4#) 8(1.6#) 5(1.0#) 10(2.0#) 
10-27 8(1.6#) 5(1.0#) 10(2.0#) 4(0.8#) 5(1.0#) 
10-28 3(0.6#) 4(0.8#) 2(0.4#) 5(1.0#) 4(0.8#) 
10-29 2(0.4#) 2(0.4#) 4(0.8#) 2(0.4#) 1(0.2#) 
10-30 1(0.2#) 4(0.8#) 4(0.8#) 6(1.2#) 4(0.8#) 
10-31 1(0.2#) 1(0.2#) 2(0.4#) 2(0.4#) 4(0.8#) 
11-1 2(0.4#) 4(0.8#) 2(0.4#) D 1(0.2#) 
11-2 3(0.6#) 4(0.8#) 3(0.6#) D 4(0.8#) 
11-3 3(0.6#) 1(0.2#) 1(0.2#) D 1(0.2#) 
11-4 2(0.4#) 4(0.8#) 3(0.6#) D 0 
11-5 1(0.2#) 1(0.2#) D D 1(0.2#) 
11-6 1(0.2#) D D D D 
11-7 0 D D D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 13(2. 6#) 20(4.0#) 16(3.2#) 12(2.4#) 17(3.4#) 
11-13 13(2.6#) 16(3.2#) 15(3.0#) 17(3.4#) 16(3.2#) 
11-14 7(1.4#) 16(3.2#) 11(2.2#) 15(3.0#) 10(2.0#) 
11-17 3(0. 6#) 17(3.4#) 8(1.6#) 15(3.0#) 6(1.2#) 
11-19 3(0. 6#) 15(3.0#) 6(1.2#) 8(1.6#) 7(1.4#) 
11-21 1(0. 2#) 5(1.0#) 1(0.2#) 0 1(0.2#) 
11-24 1(0. 2#) 0 1(0.2#) 1(0.2#) 0 
11-26 0 1(0.2#) 0 0 0 
11-28 0 2(0.4#) 0 0 0 
12-1 D 0 1(0.2#) D 0 
12-3 D 1(0.2#) 33(6.6#) D 0 
12-5 D 1(0.2#) D D 1(0.2#) 
12-8 D 3(0.6#) D D 0 
12-10 D 5(1.0#) D D 1(0.2#) 
12-12 D 9(1.8#) D D 2(0.4#) 
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Figure 9» Reticulocyte in smear of peripheral blood col
lected prior to infection. Brilliant cresyl 
blue counterstained with Wright's stain. lOOOX 

Figure 10. Peripheral blood with Howell-Jolly body in 
upper left corner and nucleated red blood cell 
in lower right. Wright's stain. lOOOX 
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infection reticulocyte levels of 2.5 and. 2.1 percent. Forty-

eight hours p.i. they had levels of 1.7 and 1.6 percent. These 

levels continued dropping until, after 120 hours, the reticulo

cyte levels were 0.40 and 0.12 percent respectively. Most of 

the animals which survived the period of the study had abnor

mally low reticulocyte levels. A few animals developed un

usually large numbers of reticulocytes following the initial 

reduction. 

Howell-Jolly bodies 

Rarely were Howell-Jolly (H-J) bodies (Figure 10); observed 

in all 5 animals of a group on a single day. The small number 

of H-J bodies present did not permit an accurate assessment 

of changes which may have occurred as a result of infection 

by HCV. 

Differential leukocyte counts 

The number of lymphocytes and polymorphonuclear neutro

philic leukocytes (PMN) in pre-infection blood smears varied 

a great deal between samples taken from the same animal on 

consecutive days, and between samples taken from different 

animals of the same group on the same day. A much larger 

number of immature WBC forms were observed than was expected 

on the basis of published reports. Neutrophilic metamyelo

cytes were the most frequently observed of the Immature forms. 

Lymphocytes were the predominant WBCs observed in blood 

smears collected before infection from 3 of the 5 pigs in 
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Group I (highly virulent). Segmented PMN leukocytes were pre

dominant In the smears from the other 2 animals. Within 24 

hours after Infection by HCV-325» a severe leukopenia devel

oped. In 4 of the 5 animals In Group I, the most severe reduc

tion was in the number of lymphocytes. In 3 of the 4 animals, 

the number of lymphocytes was reduced to one-half their pre-

infection level and in the fourth animal, the lymphocytes were 

reduced to one-fourth of their pre-infection level. In the 

fifth animal, the most severe reduction was in the PMN leuko

cytes, which were reduced to less than one-half of their pre-

infection level. Following the initial severe drop in numbers 

neither lymphocytes nor PMN leukocytes were again detected at 

their pre-infection levels. A general increase in immature 

PMN leukocytes, particularly neutrophilic bands and metamyelo

cytes, occurred at the same time that an eosinopenia was occur 

ring. Monocyte numbers did not vary remarkably during the 

course of the disease. 

Effects of infection by HCV-11325 (less virulent) in the 

5 animals of Group II were much less severe and more prolonged 

in onset than those described in Group I. Lymphocytes were 

the prevalent WBC's in pre-infection blood smears from 2 ani

mals and PMN leukocytes In 2 others, while the fifth animal's 

blood smears varied dally as to which of the 2 cell types was 

most commonly observed. The typical hematologic response to 

HCV infection was not observed in animal 12941 because of its 

Immune status discussed previously. In the other four animals 
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lymphopenia developed approximately 96 hours after infection. 

Neutropenia developed somewhat later in three of the animals; 

however, animal 129̂ 5 did have a PMN count of 4890 within 96 

hours after infection. Although quite variable between animals 

and between day to day blood samples, an increase in immature 

PMN leukocytes, a decrease in eosinophils and no change in 

the numbers of monocytes was also observed. 

Four of the five pigs in Group III (virulent) had a major

ity of lymphocytes, while in the fifth animal, PMN leukocytes 

were the most frequently encountered cell in smears of blood 

collected prior to infection. Following inoculation of HCV-325 

into the animals, a sequence of events which were a repetition 

of those experienced by the Group I animals occurred. Within 

24 hours a precipitous leukopenia occurred. The major part of 

the cell losses were due to the severe lymphopenia which oc

curred in all five animals. During the same period, a modest 

increase in PMN leukocytes was observed in 4 of the animals. 

Increased numbers of immature PMN leukocytes, reduced numbers 

of eosinophilic leukocytes and monocyte numbers which were not 

significantly affected by the HCV were also observed in blood 

smears from the animals in Group III. 

Blood smears collected prior to infection from 3 of the 

5 animals in Group IV (less virulent) contained more PMN leuko

cytes than lymphocytes. The opposite situation prevailed with 

the other 2 animals. Even before the leukopenia following 

inoculation of HCV-11325 Into the animals was obvious, a mild 
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reduction of lymphocytes was observed. This occurred within 

48 hours after Infection. During the same period a transient 

and modest elevation of PMN leukocytes was recorded. After 

48 hours of infection both cell types were greatly reduced in 

number, a condition which persisted until the animal died or 

the experiment was terminated. 

Most responses of the blood and blood-forming organs of 

the infected pigs were basically similar Irregardless with 

which strain they were infected. Two quantitative differences 

were reflected by the infected animals. Most apparent was the 

difference in time between inoculation of the virus and the 

appearance of the leukopenia. A less obvious difference was 

the ability of the animals hemopoietic system to restore TWBC 

levels after the initial leukopenia. The devastating action 

of the highly virulent HCV-325 produced a quick reduction of 

leukocyte numbers and apparently inflicted a severe injury 

to the bone marrow from which the animal rarely, if ever, re

covered. 

Nucleated red blood cells 

Blood smears collected from the 20 animals prior to in

fection with either strain of HCV rarely contained one nucle

ated erythrocyte and never more than two nucleated RBC's per 

100 leukocytes counted. An increase in numbers of nucleated 

RBC's did occur at varying periods after infection (Figure 

10). In animals of Group I (virulent) the most consistent 
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Increase occurred at 72 hours after inoculation of the virus. 

Prom 3 to 45 of the Immature red cells, per 100 leukocytes 

counted, were present In the blood of animals showing the in

crease. Blood from animals in Group II (less virulent) did 

not show a significant increase in these cells. An increase 

in nucleated BBC's was also observed in the animals of Group 

III (virulent) which were infected by the virulent HCV-325. 

Blood from these animals, as that from the animals in Group I, 

showed the most marked increase in immature EEC's around 72 

hours after infection. The increases in Group III animals 

ranged from 3 to 70 nucleated RBC's per 100 leukocytes. Smears 

of blood from animals in Group IV (less virulent), as that from 

animals of Group II, did not show a significant increase. 

These findings suggest that the increase in numbers of immature 

RBC's following infection may be related to the virulence of 

the virus. 

Bone marrow smears 

Asynchronous development of the bone marrow cells was 

occasionally observed in samples collected prior to, and after 

infection. Most often the cell would resemble a band or meta

myelocyte PMN or eosinophilic leukocyte, but would have an 

homogeneous basophilic cytoplasm. No unusual forms of cells 

were observed in bone marrow of infected animals, which were 

not present in equal numbers in bone marrow cells of normal 

animals (Figures 11 through 14). The most significant obser-
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Figure 11. Bone marrow smear with promyelocyte undergoing 
mitosis and 2 polymorphonuclear neutrophilic 
leukocytes. Wright's stain. lOOOX 

Figure 12. Bone marrow smear containing a segmented poly
morphonuclear neutrophilic leukocyte, blood 
platelets, polychromatophilic rubricyte, meta-
rubricyte, and a band polymorphonuclear neutro
philic leukocyte. Wright's stain. lOOOX 
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Figure 13. Bone marrow smear containing 2 prorubricytes, 
a rubricyte and segmented polymorphonuclear 
neutrophilic leukocyte. Wright's stain. lOOOX 

Figure l4. Bone marrow smear with eosinophilic metamyelo
cyte, neutrophilic myelocyte, neutrophilic 
metamyelocyte, band neutrophil, segmented 
neutrophil and one unidentified cell. Wright * s 
stain. lOOOX 
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vatioïi in regard to cell morphology was the presence of large 

numbers of dead cells present in bone marrow collected from 

HCV Infected animals that were In the leukopenic phase. The 

cells, of various sizes, consisted primarily of homogeneous, 

lavender-colored cytoplasm and were in various stages of struc

tural dissolution. On low power microscopic examination, the 

large number of these cellular remnants and paucity of normal 

bone marrow cellular elements was obvious (Figure 15)• Mega

karyocytes were rarely observed and those in the infected ani

mals were generally degenerated. This type of examination is 

not suitable for quantitation of cells of any type. 

Examination of Table 15 shows the lack of any consistent 

relationship between the ratio of myeloid to erythroid bone 

marrow cells and the TWBC number. The myeloid:erythroid ratio 

(M:E) describes the relationship of all granulocytic cells of 

the bone marrow to nucleated red blood cells. It Is obtained 

by dividing the total number of nucleated erythrocytic cells 

into the sum of all the granulocytic cells. In all four groups 

of animals the M:E became elevated at varying periods of time 

after infection. Some of these Increases were extremely high, 

e.g., 37.66, 27.50. Total WBC*s in these animals were in the 

leukopenic range at the time and remained quite low. 

Serum Protein Studies 

Total serum proteins 

All animals in Groups I and III (virulent) had blood serum 

protein levels which either remained the same as before infec-
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Figure 15. Bone marrow smear containing large numbers of 
degenerating cells. Material was collected while 
animal's total white blood cell count was in the 
leukopenic range. Wright's stain. 25OX 
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Table 15. Bone marrow observations from young pigs infected with a 
highly virulent (HCV-325) or moderately virulent (HCV-11325) 
hog cholera virus 

Group I HCV-325 

Dates 8-20 8-21 8-22 8-25^ 8-26 8-27 8-28 8-29 

Animal 
numbers 

12825 M;E 
TWBC° 

1.37 
21,582 

1.81 
32,836 

1.91 
28,557 

1.72 
24,158 

0.98 
13,731 

0.45 
8,684 

0.29 
2,915 

0.20 
4,436 

12826 M;E 
TWBC 

0.62 
19,303 

0.85 
23,500 

1.05 
30,149 

0.45 
19,300 

0.92 
9,106 

1.21 
5,461 

1.16 
6,739 

2.10 
7,349 

12827 M:E 
TWBC 

2.38 
18,408 

3.45 
17,800 

4.36 
20,600 

1.43 
17,900 

1.63 
13,069 

2.65 
6,714 

1.67 
6,102 

12828 M;E 
TWBC 

1.78 
20,500 

2.79 
19,800 

1.68 
19,800 

2.78 
20,900 

2.15 
12,000 • 

2.00 
5,369 

3.47 
7,429 

3.77 
8,143 

12829 M;E 
TWBC 

1.85 
21,700 

2.41 
21,194 

1.45 
23,000 

1.89 
24,158 

1.79 
8,816 

1.20 
4,577 

1.33 
5,181 

0.96 
3,836 

Group II HCV-11325 
Dates 9-10 9-11 9-12 9-15® 9-17 9-19 9-22 9-24 

12941 M;E 
TWBC 

2.61 
24,975 

3.0 
25,100 

1.29 
25,300 

2.30 
25,600 

7.43 
31,243 

3.50 
32,100 

2.77 
29,200 

2.58 
25,100 

12942 M;E 
TWBC 

1.40 
28,500 

1.72 
18,507 

3.50 
21,000 

1.75 
21,000 

5.26 
15,522 

2.82 
12,935 

5.14 
13,930 

7.18 
7,227 

12943 M;E 
TWBC 

1.49 
27,064 

1.06 
26,700 

0.59 
25,000 

1.32 
26,100 

2.53 
17,910 

1.92 
16,500 

2.97 
12,600 

14.86 
7,590 

12944 M:E 
TWBC 

1.07 
18,905 

1.45 
18,800 

1.65 
19,400 

2.94 
34,500 

4.77 
20,800 

3.63 
18,831 

9.78 
11,244 

8.84 
10,800 

12945 M:E 
TWBC 

2.99 
34,726 

1.39 
35,800 

2.48 
31,400 

2.46 
25,900 

5.21 
25,100 

1.50 
12,700 

1.23 
8,663 

11.10 
9,603 

^Date of infection. 

^Myeloid:Erythroid ratio. 

ctwbC reported as number of cells/cu. mm. 
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8-30 8-31 9-1 9-2 9-3 

5.83 
7,929 

5.85 
6,600 

13.33 
5,670 

11.58 
6,190 

3.66 
5,237 

5.23 
8,522 

2.35 
5,403 

5.83 
7,222 

10.88 
7,208 

8.29 
7,390 

6.00 
5,171 

9-26 9-29 10-1 10-3 10-6 10-8 10-10 10-13 10-15 

1.04 
14,900 

4.80 
11,916 

3.20 
7,638 

15.12 
11,048 

3.27 
13,513 

5.52 
9,349 

3.83 
5,958 

3.92 
6,336 

2.98 
25,600 

26.55 
15,100 

7.74 
8,500 

3.98 
11,075 

4.74 
8,375 

4.47 
8,213 

5.05 
10,141 

6.31 
13,272 

5.79 
10,400 

15.62 
7,790 

4.47 
5,907 

2.86 
6,465 

2.90 
6,299 

1.61 
3,537 

4.33 
7,590 

1.86 
5,993 

0.66 
8,396 

3.84 
10,869 

4.43 
14,203 

2.19 
21,293 

3.77 
24,477 

7.78 
27,300 

8.0 
25,900 
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Table 15. (Continued) 

Group III HCV-325 

Dates 10-22 10-23 10-24 10-27* 10-28 10-29 10-30 10-31 

Animal 
numbers 

13136 M:E 
TWBC 

1.98 
25,700 

2.77 
24,300 

2.20 
26,000 

1.46 
26,300 

3.15 
12,658 

1.50 
5,899 

7.23 
6,387 

2.73 
4,253 

13137 M:E 
TWBC 

2.73 
22,200 

2.42 
18,600 

3.64 
22,500 

3.03 
19,100 

2.46 
12,306 

2.68 
6,138 

2.50 
10,442 

4.72 
7,228 

13138 M:E 
TWBC 

1.49 
25,400 

1.65 
23,000 

1.20 
24,776 

1.38 
22,487 

0.75 
12,953 

0.83 
4,822 

1.89 
6,286 

1.03 
6,905 

13139 M:E 
TWBC 

4.56 
26,800 

5.53 
24,200 

2.60 
30,300 

2.50 
18,500 

2.12 
18,500 

2.10 
7,120 

0.77 
9,829 

1.48 
14,127 

13140 M;E 
TWBC 

3.41 
20,500 

2.66 
17,800 

3.12 
19,900 

1.87 
14,066 

3.47 
14,066 

1.09 
5,946 

0.65 
6,885 

1.55 
4,936 

Group IV HCV-11325 
Dates 11-12 11-13 11-14 11-17* 11-19 11-21 11-24 11-26 

13023 M:E 
TWBC 

1.62 
13,616 

3.01 
20,497 

3.77 
18,500 

7.0 
16,900 

3.27 
19,500 

1.30 
7,966 

7.84 
9,535 

1.19 
5,866 

13024 M;E 
TWBC 

0.54 
12,469 

1.34 
16,900 

1.29 
12,800 

2.07 
11,293 

5.91 
10,837 

0.91 
8,329 

3.05 
5,938 

1.56 
5,607 

13143 M:E 
TWBC 

2.24 
20,700 

2.13 
25,600 

3.75 
21,400 

3.17 
19,300 

2.86 
14,994 

6.46 
7,604 

23.8 
10,669 

18.83 
6,370 

13144 M:E 
TWBC 

1.25 
17,000 

1.35 
26,546 

2.11 
19,100 

3.16 
14,045 

7.26 
12,335 

4.10 
9,732 

7.23 
10,076 

10.32 
7,977 

13145 M:E 
TWBC 

1.44 
13,594 

1.24 
20,398 

2.34 
16,000 

2.53 
13,993 

9.38 
24,233 

1.72 
8,380 

4.67 
7,802 

18.57 
4,352 
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11-1 11-2 11-3 11-4 11-5 11-6 11-7 

7.68 
5,507 

7.83 
5,940 

17.71 
5,837 

10.72 
4,013 

2.37 
3,816 

4.71 
7,190 

9.92 
7,920 

22.33 
5,658 

7.34 
5,081 

3.32 
4,257 

2.07 
4,956 

1.52 
4,411 

4.06 
5,760 

13.0 
6,733 

37.66 
5,543 

7.61 
5,826 

0.64 
7,401 

18.71 
9,212 

14.06 
6,783 

6.14 
6,848 

4.11 
8,227 

11-28 12-1 12-3 12-5 12-8 12-10 12-12 

2.11 
4,549 

13.56 
7,002 

18.08 
4,730 

5.73 
7,702 

6.87 
3,573 

2.04 
3,964 

1.17 
4,622 

0.92 
6,083 

27.50 
8,723 

4.15 
4,905 

0.76 
2,507 

26.2 
6,943 

26.10 
6,764 

12.45 
5,845 

7.15 
5,002 

4.74 
4,889 

1.70 
4,963 

1.10 
7,455 

2.53 
21,400 
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tion or showed a slight increase (Table l6). Serum proteins 

of all animals in Group II, and 4 of the 5 in Group IV, in

fected by the moderately virulent HCV-11325 decreased slightly 

during the course of the disease. There was a marked lack of 

consistency between day to day levels of serum proteins in the 

individual animals during the course of the experimentally-

induced EC. The majority of the changes were so minor that 

they could not be considered as a reliable indicator of change. 

Electrophoretic separation of serum proteins 

Ninety-five percent of the animals infected with the 2 

hog cholera viruses experienced a minor reduction in blood 

serum albumin and an apparent increase in the total serum 

globulins (Table 17). A major part of this consistent eleva

tion was apparently due to the alpha globulins. Ninety per

cent of the pigs infected with the more virulent HCV-325 ex

perienced some slight increase of alpha globulin during HC 

Infection. Of the animals infected with the strain of lesser 

virulence (HCV-11325), 80 percent had moderately elevated 

alpha globulin fractions. An opposite situation prevailed 

in the case of the gamma fraction of the blood serum globulins. 

The highly virulent HCV caused some degree of reduction below 

pre-lnfection levels in 60 percent of the animals Infected by 

it. In contrast the less virulent HCV produced a similar de

crease In the Immune globulin-bearing-fraction of the blood 

serum proteins in only 30 percent of its hosts. It should 

be stressed that these changes in levels of serum protein 
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Table l6. Effect of infection by highly virulent (HCV-325) 
or moderately virulent (HCV-11325) hog cholera 
viruses on the total protein content of blood 
serum in young pigs®' 

Group I HCV-325 

Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 5.5 5.1 6.5 5.3 5.4 
8-21 5.0 4.8 6.0 5.0 5.6 
8-22̂  5.8 5.4 6.6 6.4 5.6 
8-25* 6.3 6.4 6.3 6.2 6.4 
8-26 6.3 6.4 6.3 6.3 6.4 
8-27 6.0 6.4 7.0 6.6 6.4 
8-28 6.2 6.4 6.ei 6.7 6.0 
8-29 6.2 6.3 7.5 6.5 
8-30 6.4 6.0 D D 6.6 
8-31 5.9 D D D 6.0 
9-1 6.0 D D D 6.2 
9-2 5.9 D D D 6.0 
9-3 5.9 D D D 5.9 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 6.4 6.6 6.4 6.4 6.2 
9-11 6.5 6.3 6.3 6.2 6.1 
9-12, 6.4 6.1 6.5 6.3 6.2 
9-15* 6.2 6.1 6.4 6.1 6.3 
9-17 6.8 6.0 6.4 6.0 6.1 
9-19 6.0 5.9 5.8 5.7 5.8 
9-22 6.0 5.8 5.8 5.8 5.8 
9-24 6.0 6.0 6.0 6.0 6.0 
9-26 6.0 6.0 5.9 5.9 5.9 
9-29 5.8 5.9 5.9 6.0 6.0 
10-1 6.0 5.9 5.8 5.6 6.0 
10-3 6.0 D 5.9 5.8 
10-6 5.9 D D 5.8 6.0 
10-8 5.8 D D 5.8 5.9 
10-10 5.8 D D D 5.9 
10-13 5.8 D D D 5.9 
10-15 5.6 D D D 5.9 

T̂otal protein reported in gm./lOO ml. 

D̂ate of infection. 

D̂-animal died. 
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Table l6 (Continued) 

Group III HCV-325 

Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 6.0 6.1 6.2 6.0 6.0 
10-23 6.1 6.1 6.1 6.1 6.1 
10-24, 6.1 6.2 6.1 6.1 6.1 
10-27 6.0 6.1 6.1 6.0 6.0 
10-28 6.2 6.2 6.2 6.2 5.9 
10-29 6.0 6.2 6.2 6.0 6.0 
10-30 6.0 6.1 6.1 6.1 6.1 
10-31 6.0 6.0 6.0 6.3 6.2 
11-1 6.0 6.1 6.0 D 6.1 
11-2 6.0 6.1 6.1 D 6.0 
11-3 6.1 6.0 6.1 D 6.1 
11-4 6.0 6.1 6.2 D 6.1 
11-5 6.1 6.0 D D 6.0 
11-6 D 6.0 D D D 
11-7 • D 6.4 D D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 6.2 6.1 6.0 6.0 6.1 
11-13 6.1 6.1 6.1 6.1 6.1 
11-14 6.0 6.0 6.1 6.0 6.0 
11-17̂  6.0 6.0 6.0 6.0 6.0 
11-19 6.1 6.1 6.1 6.0 6.0 
11-21 6.1 6.1 6.1 6.1 6.1 
11-24 6.4 6.0 6.0 5.9 6.0 
11-26 6.2 6.0 6.0 6.0 6.0 
11-28 5.8 6.1 6.0 5.5 6.0 
12-1 D 6.1 4.7 D 6.0 
12-3 D 6.2 4.4 D 5.5 
12-5 D 5.6 D D 5.3 
12-8 D 5.6 D D 5.7 
12-10 D 6.2 D D 6.2 
12-12 D 6.6 D D 6.0 
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Table 17. The effect of infection by hog cholera viruses of high (HCV-325) and moderate virulence 
(HCV-11325) on the serum protein fractions of young pigs^ 

Group I 
Pig 

numbers — 
8-20 8-21 8-22 8-25^ 8-26 8-27 8-28 8-29 8-30 8-31 9-1 9-2 9-3 

12825 

Alb. 47.4 44.1 41.5 46.8 43.8 41.6 39.6 38.3 34.9 34.6 34.8 35.0 34.4 
a 26.0 26.5 27.7 25.7 27.5 27.2 30.3 30.4 35.4 34.6 35.2 34.2 34.4 
B 16.2 10.0 17.0 17.4 19.3 17.6 16.1 19.1 19.7 20.5 16.0 16.2 18.0 

Y 10.4 11.4 13.8 10.1 9.4 13.6 14.1 12.2 10.0 10.3 14.0 14.5 13.2 
Glob, 52.6 55.9 58.5 53.2 56.2 58.4 60.4 61.7 65.1 65.4 65.2 65.0 65.6 

12826 

Alb. 47.7 45.2 45.1 45.6 41.5 42.9 41.6 43.2 36.6 D° D D D 
or 25.3 27.4 27.7 29.2 24.5 30.0 30.8 25.9 36.2 D D D D 
B 16.1 17.0 16.9 17.9 20.2 16.2 16.3 19.5 18.1 D D D D 
y 10.9 10.4 10.3 7.2 13.8 10.9 11.3 11.4 9.1 D D D D 
Glob. 52.3 54.8 54.9 54.4 58.5 57.1 58.4 56.8 63.4 D D D D 

12827 

Alb. 38.0 40.5 41.6 44.1 45.0 42.0 39.9 D D D D D D 

or 26.7 25.4 24.9 . 25.4 31.6 24.7 28.0 D D D D D D 
B 23.9 21.4 21.1 15.8 14.8 20.0 21.5 D D D D D D 

Y 11.4 12.7 12.4 14.7 8.6 13.3 10.6 D D D D D D 
G lob. 62.0 59.5 58.4 55.9 55.0 58.0 60.1 D D D D D D 
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12828 

Alb. 44.5 40.1 43.6 42.9 43.8 42.0 
or 32.2 33.8 31.9 32.1 27.4 32.4 
B 15.1 15.2 14.7 15.8 17.8 15.0 

Y 8.1 10.9 9.8 9.2 11.0 10.6 
Glob, 55.4 59.9 56.4 57.1 56.2 58.0 

12829 

Alb. i.s.^ 44.4 44.7 46.3 45.1 46.7 

a X • S • 27.0 27.7 25.6 29.0 26.7 
B i.s. 15.7 17.0 18.2 17.2 14.8 

Y i.s. 13.0 10.6 10.0 8.8 11.9 
Glob. i.s. 55.6 55.3 53.7 54.9 53.3 

^Protein fractions reported in percentage. 

boate of infection. 

°D-animal died. 

^i.s.-Insufficient sample. 

43.0 41.5 D D D D D 
32.4 32.1 D D D D D 
14.0 15.6 D D D D D 
10.6 10.8 D D D D D 
57.0 58.5 D D D D D 

41.4 38.9 37.2 38.9 37.1 38.2 41.! 
29.0 30.8 33.0 30.1 31.4 31.2 30.! 
16.7 19.2 20.1 16.8 18.1 16.8 17.! 
13.0 11.1 9.7 14.2 13.3 13.8 9." 
58.6 61.1 62.8 61.1 62.9 61.8 58.! 
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Table 17. (Continued) 

Group II 

Pig Dates 

numbers g-u 9-12 9-15^ 9-17 9-19 9-22 9-24 9-26 9-29 10-1 10-3 10-6 10-8 10-10 10-13 10-15 

12941 

Alb. 39.7 38.1 38.0 39.3 38.5 36.6 36.3 34.7 34.8 31.0 29.6 30.0 29.9 29.1 27. 4 24.2 23.6 
a 29.6 29.5 30.1 28.5 30.1 30.3 28.4 30.5 31.0 35.7 38.3 35.2 28.2 26.5 28. 7 30.0 26.9 
B 13.2 14.2 14.1 15.3 15.0 17.5 19.9 16.0 14.3 14.7 18.1 15.0 15.6 15.7 16. 8 19.1 21.1 

Y 17.5 18.2 17.8 16.9 16.4 15.6 15.4 18.7 19.9 18.6 14.1 19,8 26.3 28.8 27. 1 26.7 28.4 
Glob. 60.3 61.9 62.0 60.7 61.5 63.4 63.7 65.3 65.2 69.0 70.4 70.0 70.1 70.9 72. 6 75.8 76.4 

12942 

Alb. 43.6 40.4 39.3 41.7 41.4 38.7 35.3 34.2 35.0 34.9 32.6 D D D D D D 
a 27.5 29.6 29.5 27.5 27.6 29.7 32.9 34.7 34.5 32.7 35.7 D D D D D D 
B 12.9 14.6 13.5 13.9 14.3 14.5 15.6 15.7 15.0 15.4 13.3 D D D D D D 

Y 16.0 15.4 17.8 16.9 16.7 17.1 16.3 15.4 15.5 17.0 18.4 D D D D D D 
Glob. 56.4 59.6 60.7 58.3 58.6 61.3 64.7 65.8 65.0 65.1 67.4 D D D D D D 

12943 

Alb. 35.9 34.4 34.2 36.2 36.6 34.0 31.7 31.3 34.2 31.1 29.1 28.9 D D D D D 
or 26.5 30.0 29.5 26.5 23.4 25.4 29.9 31.9 29.7 25.4 29.4 28.2 D D D D D 
B 17.4 16.6 13.2 16.2 18.4 17.3 16.9 19.6 15.5 21.3 16.7 16.6 D D D D D 

Y 20.2 19.0 23.2 21.0 21.6 23.3 21.6 17.2 20.6 22.2 24.8 26.4 D D D D D 
Glob. 64.1 65.6 65.8 63.8 63.4 66.0 68.3 68.7 65.8 68.9 70.9 71.1 D D D D D 
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12944 

Alb. 40.3 42.4 37.8 40.1 40.7 37.3 i.s. 34.1 36.1 31.9 28.6 26.3 24.7 23.3 D D D 
a 27.7 26.5 26.6 26.6 25.7 27.4 l.s. 29.7 26.2 23.7 24.0 25.3 27.1 31.5 D D D 
B 15.0 12.9 16.5 15.9 16.7 17.2 i.s. 16.0 16.9 17.3 19.1 21.7 19.9 23.6 D D D 

V 17.0 18.2 19.1 17.4 16.9 18.2 i.s. 20.1 20.9 27.1 28.3 26.7 28.4 21.6 D D D 
Glob. 59.7 57.6 62.2 59.9 59.3 62.7 i.s. 65.9 63.9 68.1 71.4 73.7 75.3 76.7 D D D 

12945 

Alb. 40.2 40.0 39.6 40.9 39.3 36.9 34.9 33.8 34.1 i.s. 29.5 32.0 29.1 29.4 28.8 29.3 28.1 

a 29.3 30.0 29.0 26.8 25.4 27.9 28.5 32.8 33.4 i.s. 33.5 30.7 29.4 30.4 30.0 29.3 27.! 

B 12.9 13.1 13.4 12.2 15.0 14.9 16.5 15.2 14.5 i.s. 14.9 13.7 14.2 15.9 14.8 14.1 14. 

Y 17.7 16.9 18.1 20.1 20.2 20.4 20.1 18.1 18.0 i.s. 22.2 23.7 27.2 24.3 26.4 27.4 29.; 

Glob. 59.8 60.0 60.4 59.1 60.7 63.1 65.1 66.2 65.9 1 « S • 70.5 68.0 70.9 70.6 71.2 70.7 71.: 
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Table 17. (Continued) 

Pig 

Group III 

Dates 

numbers 10-22 10-23 10-24 10-27^ 10-28 10-29 10-30 10-31 11-1 11-2 11-3 11-4 11-5 11-6 11-7 

13136 

Alb. 41.1 41.2 39.9 35.2 40.2 37.2 39.0 37.1 35.1 35.2 35.0 34.1 34.7 D D 
a 22.8 30.9 31.6 34.3 32.3 32.8 33.2 29.9 32.7 32.6 33.5 34.6 35.2 D D 
B 22.0 13.2 13.7 10.2 12.9 12.2 14.4 19.2 20.3 19.4 20.5 17.9 17.9 D D 

Y 14.1 14.7 14.8 20.4 14.6 17.8 13.4 13.8 11.9 12.8 11.0 13.3 12.2 D D 
Glob. 58.9 58.8 60.1 64.8 59.8 62.8 61.0 62.9 64.9 64.8 65.0 65.9 65.3 D D 

13137 

Alb. 41.1 40.9 41.1 38.9 38.1 38.4 38.5 35.0 33.7 33.1 32.5 32.8 32.9 31.9 31, 
a 27.4 29.7 30.7 31.8 29.4 30.1 30.7 27.6 30.4 31.2 31.7 32.5 31.7 32.9 33, 
B 15.5 12.8 10.8 13.7 15.0 14.3 14.1 20.3 20.0 21.3 22.8 21.8 18.3 17.3 17. 

Y 16.0 16.6 17.4 15.6 17.6 17.2 16.6 17.1 16.0 14.5 13.0 12.9 17.1 17.8 17. 
Glob. 58.9 59.1 58.9 61.1 61.9 61.6 61.5 65.0 66.3 66.9 67.5 67.2 67.1 68.1 68. 

13138 

Alb. 36.3 36.7 36.2 38.3 34.9 36.5 37.1 33.7 32.6 33.7 33.7 33.9 D D I 
a 30.9 31.8 33.4 30.9 32.4 32.5 32.0 30.7 32.9 33.2 31.2 39.2 D D I 
B 13.9 11.5 12.0 12.4 14.0 14.7 16.0 18.7 18.8 19.1 23.2 15.3 D D I 
Y 18.8 20.0 18.4 18.4 18.7 16.3 14.9 16.9 15.7 14.1 11.9 11.6 D D I 

Glob. 63.7 63.3 63.8 61.7 65.1 63.5 62.9 66.3 67.4 66.3 66.3 66.1 D D I 
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Alb. 38.8 38.3 38.3 38.7 37.1 38.7 36.8 
a 23.7 32.2 31.4 32.6 30.3 31.9 33.8 
B 21.7 12.1 12.6 12.5 13.9 14.8 11.5 

Y 15.8 17.4 17.7 16.2 18.7 14.5 17.9 
Glob. 61.2 61.7 61.7 61.3 62.9 61.3 63.2 

13140 

Alb. 41.0 38.6 37.2 38.5 37.4 37.9 37.0 
a 27.1 28.7 30.5 30.1 29.0 29.7 26.7 
B 13.6 13.2 13.3 11.6 11.6 13.6 17.3 

Y 18.3 19.5 19.0 19.7 22.0 18.9 19.1 
Glob. 59.0 61.4 62.8 61.5 62.6 62.1 63.0 

34.3 D D D D D D D 
30.5 D D D D D D D 
19.5 D D D D D D D 
15.7 D D D D D D D 
65.7 D D D D D D D 

34.6 33.7 33.8 33.4 34.7 34.2 D D 
29.0 32.1 31.8 32.2 33.2 33.0 D D 
17.6 17.9 19.6 20.3 18.3 16.5 D D 
18.8 16.3 14.8 14.1 13.8 16.2 D D 
65.4 66.3 66.2 66.6 65.3 65.13 D D 
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Table 17. (Continued) 

Group IV 

^^9 Dates 
numbers 

11-12 11-13 11-14 11-17^ 11-19 11-21 11-24 11-26 11-28 12-1 12-3 12-5 12-8 12-10 12-12 

13023 

Alb. 38.3 38,3 38,2 36.5 37.6 34.4 32.2 35.6 34.8 D D D D D D 
a 31.2 30,5 32.4 32.7 31.8 35.0 39.6 35.4 37.0 D D D D D D 
B 15.4 16.1 13.8 14.7 14.6 13.6 13.4 15.0 14.1 D D D D D D 

Y 15.1 15.1 15.6 16.1 16.0 16,9 14.8 14.0 14.1 D D D D D D 
Glob. 61.7 61.7 61.8 63.5 62.4 65.6 67.8 64.4 65.2 D D D D D D 

13024 

Alb. 41.7 42.7 42.7 40.9 42.0 39.7 35.4 35.4 36.5 38.1 37.6 36.0 36.7 35.1 35 
a 26.4 27.7 29.3 30.1 25.9 31.0 31.2 33.6 34.5 28.8 31.6 28.6 27.4 30.2 33 

B 17.1 13.7 13.9 13.8 16.7 13.7 19.3 17.0 14.4 19.4 17.1 17.3 18.7 18.2 14 

Y 14.8 15,9 14.1 15.3 15.4 15.7 14,1 14.1 14.6 13.7 13.7 18.1 17.2 16.5 16 
Glob. 58.3 57.3 57.3 59.1 58.0 60.3 64,6 64.6 63.5 61.9 62.4 64.0 63.3 64.9 64 

13143 

Alb. 42.7 43,2 42.4 39.9 42.4 36.6 34.1 36.7 39.2 39.1 37.9 D D D D 
a 28.9 28,9 29.5 30.5 28.8 33.4 37.1 33.9 28.7 27.2 29.5 D D D D 
B 16.0 14.3 13.4 15.1 14.4 15.8 14.8 16.2 19.9 20.0 17.7 D D D D 

Y 12.4 13,5 14.6 14.5 14.4 14.1 14.0 13.3 12.3 13.8 14.9 D D D D 
Glob, 57.3 56,8 57.6 60.1 57.6 63.4 65.9 63.3 60.8 60.9 62.1 D D D D 
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Alb. 38.4 38.4 36.9 33.6 35.3 31.8 28.0 28.7 30.4 D D D D D D 
01 30.7 32.5 33.7 33.6 27.1 35.0 35.6 37.5 34.8 D D D D D D 
B 15.1 14.7 14.4 15.1 20.1 14.9 21.6 18.0 19.8 D D D D D D 

Y 15.9 14.4 15.0 17.7 17.6 18.4 14.7 15.8 15.1 D D D D D D 
Glob. 61.6 61.6 63.1 66.4 64.7 68.2 72.0 71.3 69.6 D D D D D D 

13145 

Alb. 39.8 38.1 38.1 38.6 38.3 36.0 33.1 32.2 32.5 35.2 36.4 34.7 36.0 38.3 37.9 
a 31.1 32.5 32.0 31.7 32.0 34.9 32.8 39.3 33.8 32.7 31.7 33.3 39.4 37.5 40.0 
B 17.9 14.2 17.3 17.0 16.7 15.9 21.0 16.0 21.3 20.3 18.3 17.6 12.5 13.3 13.0 

Y 11.2 15.2 12.7 12.7 13.1 13.2 13.2 12.5 12.3 11.8 13.6 14.4 14.0 10.9 9.1 
Glob. 60.2 61.9 61.9 61.4 61.7 64.0 66.9 67.8 67.5 64.8 63.6 65.3 64.0 61.7 62.1 

• 
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fractions are minor and should be considered for comparative 

purposes only. 

Fluorescent Antibody Studies Results 

Immunofluorescent examination of tonsil biopsies 

Repeated sampling of tonsillar tissue was kept to a mini

mum due to the rapid onset, following biopsy, of a necrotic 

process which destroys considerable amounts of tissue adjacent 

to the biopsy site. This allowed a maximum of 5 samplings from 

an animal during the course of the disease. In view of our 

interest concerning the early pathogenesis of the disease and 

spread of the HCV, these biopsies were collected dally or three 

times weekly beginning the day of infection. 

Viral antigen was detected much more quickly in the course 

of the disease produced by the virulent HCV-325 strain. The 

FATST, applied to tonsil biopsy sections collected 2k hours 

after infection with virulent HCV-325, revealed the presence 

of HCV antigen in all 5 animals of Group III. The lymphocytic 

tissue, particularly the germinal centers, contained fluores

cing cells in all 5 animals. The crypt epithelium in the ton

sil of animal 13136 also had small patches of cells which flu

oresced at that time. Tonsil biopsies, collected from the 

same 5 animals 72 hours later, contained areas of immunoflu

orescence in the tonsillar surface epithelium, crypt epithelium 

and lymphocytic tissues. Immunofluorescence, once established 

in the tonsil, occasionally diminished in its Intensity but 
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did not completely disappear. Tonsil biopsies collected from 

4 of the 5 animals in Group I, infected with the same HCV-325» 

had no demonstrable immunofluorescence 18 hours after infec

tion. A tonsil biopsy from animal 12825 had a few small areas 

of immunofluorescence in the germinal centers of the lympho

cytic tissue. Forty-eight hours later strong immunofluores

cence was observed in both surface and crypt epithelium and 

also in well defined groups of lymphocytes from all 5 animals. 

Viral antigen was not detected in tonsil tissue from the 

animals of Groups II and IV, infected by the less virulent 

HCV-II325, prior to 7 days after infection. It is pertinent 

to point out that these biopsies were collected at 2 and 3 

day Intervals after infection, consequently antigen may have 

been present for 24 to 4-8 hours before it was observed. Strong

est Immunofluorescence was usually present first in the germi

nal centers of the lymphocytic tissue of the tonsil. In no 

case was the immunofluorescence detected in the epithelial 

tissue before it was observed in the germinal centers of the 

lymphocytic tissue. However, in several sections, particularly 

those collected 5 to 7 days after infection, immunofluorescence 

was observed in epithelium but not lymphocytes (Figure I6). 

Immunofluorescence in tonsils from animals of Groups II and 

IV, once it appeared, persisted until the animal died or the 

experiment was terminated. 



www.manaraa.com

138 

Figure l6. Tonsil biopsy prepared by FATS technique showing 
true apple-green fluorescence due to fluorescein 
isothiocyanate which is conjugated to the anti-HCV 
antibody. This is the area most frequently in
fected in both crypt and surface tonsillar epi
thelium. 250 X 
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Immuno fluo res cent examinations of bone marrow aspirates 

Cells of various sizes, ranging from some as large as 

rubriblasts and myeloblasts to others as small as mature seg

mented PMN leukocytes and metarubrlcytes, were present In the 

smears of bone marrow cells stained by FATST. Only the cyto

plasm of cells appeared to contain the apple green fluorescence 

of fluorescein isothlocyanate - anti-HCV antibody conjugate 

(Figure 17). A granular yellow autofluorescence was present 

in the cytoplasm of some of the mature polymorphonuclear 

leukocytes (Figure 18). 

Fluorescing cells were observed in the bone marrow mate

rial aspirated 24 hours after Infection, from 2 of the 5 ani

mals in Group I (Table 18). Bone marrow cells in the remain

ing 3 animals fluoresced 48 hours later. As is evident from 

Table 18, negative bone marrow samples were occasionally ob

tained from an animal which had previously been shown to be 

infected. This was apparently the result of the problems com

monly associated with bone marrow aspiration, e.g., different 

cell populations are often sampled on consecutive aspirations, 

or a bone marrow sample may become contaminated by peripheral 

blood. 

Infection by less virulent HCV-11325 was not detected in 

the bone marrow of pigs in Group II for 96 hours. Three of 

the 5 animals had small numbers of infected cells at that time. 

All five animals had moderate numbers of fluorescing cells in 

their bone marrow when samples were collected again 72 hours 
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Figure 17• Bone marrow smear stained by the FATS technique. 
The material was collected 72 hours after inocu
lation. Notice that a majority of cells fluores
cing are small. 250X 

Figure 18. Bone marrow smear prepared by FATS which shows 
the golden autofluorescence in the mature granu
locytic leukocytes. 250X 
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Table 18. Observation of immunofluorescence in bone marrow 
cells of young pigs infected by virulent HCV-325 
or less virulent HCV-11325 

Date 8-25̂  8-26 8-27 8-28 8-29 8-30 

Group I 

12825 — + ++ +++ + 4-4-

12826 — — — -f-++ ++++ 4-4-

12827 — — — +++ D° D 
12828 — — — ++ D 
12829 — + — +++ ++ 4-4-

Date 9-15* 9-17 9-19 9-22 9-24 9-26 

Group II 

12941 — — — ++ + 4-

12942 — — + ++ + 4-4-

12943 — — + + + 4-4-4-

12944 — — + + ++ 4-

12945 — — — +++ + 4-

Date 10-27̂  10-28 10-29 10-30 10-31 H
 

H
 1 H
 

Group III 

13136 — + + + ++ 

13137 — + + + ++ + 
13138 - - - + + D 
13139 — - - + +++ 4-

13140 — + — + +++ 4-

Date 11-17° 11-19 11-21 11-24 11-26 11-28 

Group IV 

13023 — — — ++++ + 4-4-4-

13024 — — — ++++ 4-4-4- ++++ 
13143 — — — +++ 4-4- 4-4-

13144 — — — +++ 4- 4-4-

13145 - - - ++++ 4-4- 4-4-4-

Symbols used to indicate proportion of bone marrow 
cells which were fluorescing; -,negative; +,less than 1 
percent; ++, 1 to 10 percent; +++, 10 to 30 percent; ++++, 
more than 30 percent. 

D̂ate of infection. 

D̂-animal died. 
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8-31 9-1 . 9-2 9-3 

+++ ++ — — 
D D D D 
D D D D 
D D D D 
++ +++ — + 

9-29 10-1 10-3 10-6 10-8 10-10 10-13 

++ +++ ++ + + + + 
+ + D D D D D 
+ ++ - D D D D 
++ +++ ++ + + D D 
+ + + + + + + 

11-2 11-3 11-4 11-5 11-6 

+ ++ + D D 
+  4 - 4 -  + + +  +  

D D D D D 
+ + D D D 
+ ++ ++ D D 

12-1 12-3 12-5 12-8 12-10 12-12 

D D D D D D 
+ + ++ ++ +++ ++++ 
++ + D D D D 
D D D D D D 
++ ++ ++ ++ +++ ++++ 
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later. Groups III and IV responded to infection, as would 

be expected, in much the same manner as Groups I and II re

spectively. Antigen of the more virulent HCV-325 was detected 

in the cytoplasm of the host pig's bone marrow cells approxi

mately l44 hours earlier than HCV-II325 (Table 18). In the 

cells of pigs infected by the latter virus, however, a much 

larger number of the bone marrow cells fluoresced and with much 

greater intensity. 

It was observed that cells of a variety of sizes had 

typical fluorescence early in the course of an infection. 

However, as the disease progressed, an increasingly larger 

proportion of the cells with fluorescing cytoplasm were the 

size of rubriblasts, myeloblasts, prorubricytes and promyelo

cytes (Figure 19). Fluorésing cells were most prevalent in 

the bone marrow material collected within one week after ini

tial infection was observed. A gradual but consistent decline 

in numbers of fluorescing cells was then observed in the smears 

as the infection progressed. The changes described in this 

paragraph apply to the bone marrow cells in animals infected 

by both viral strains. 

Immunofluoréscent examination of tissues collected at necropsy 

Viral antigen was detected in the tissues of 19 of the 20 

animals in these studies (Table 19). Antigen was not detected 

In any of the tissues of animal 12945 in Group II. Immuno

fluorescence was observed in only tonsil and lymph node tissue 
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Figure 19. Bone marrow smear prepared by Immunofluorescent 
technique. Compare the size of the fluorescing 
cells in this smear with Figure 17. Because of 
magnification differences, the best comparison 
is with the autofluorescing granulocytic leuko
cytes which have a granular, golden-yellow flu
orescence. 43OX 
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Table 19» Immunofluorescence observed in tissues collected 
at necropsy from young pigs infected with a highly 
virulent (HCV-325) or moderately virulent (HCV-
11325) strain of hog cholera virus 

Group I HCV-325 12825 12826 12827 12828 12829 

Tonsil +++ +++ +++ 4-4-4-4- 4-4-4-

Lymph node ++ +++ +++ 4-4-4- 4-4-

Spleen +++ ++ 4-4- 4-4-

Ileum ++ ++ 4-4-4- 4-4-

Group II HCV-11325 12941 12942 12943 12944 12945 

Tonsil ++++ +++ +++ 4-4-4-

Lymph node +++ +++ ++ 4-4-4- -

Spleen ++ +++ ++++ 4-4- -

Ileum +++ +++ +++ 4-4-

' 

Group III HCV-325 13136 13137 13138 13139 13140 

Tonsil ++ ++ + 4-4-4- 4-4-4-
Lymph node + +++ 4-4-+ 4-4-4- 4-4-4-
Spleen ++ ++ 4- 4-4- 4-4-

Ileum ++ ++ 4-4-4- 4-4- 4-4-4-

Group IV HCV-11325 13023 13024 13143 13144 13145 

Tonsil +++ +-f—f- 4-4-4- 4-4-4- 4-4-4-
Lymph node ++ +++ 4-4- +++ 4-

Spleen +++ 4-4-4- 4-4- 4-4-4- -

Ileum ++ 4-4-4- 4-4-4- 4-4-4-

Symbols used to indicate degree of fluorescence observed 
in the sections: -, negative; +, small patches or groups of 
cells; ++, 1 to 3 small cellular areas of fluorescence; +++, 
4 to 9 distinct areas of fluorescence; ++++, extensive fluores
cence in all parts of susceptible tissue. 

N̂-not collected. 



www.manaraa.com

147 

of animal 131̂ 5 in Group IV. Both of these animals were in

fected "by the less virulent HCV-11325. The small number of 

animals involved preclude any conclusions as regards the re

lationship of virulence of the HCV and its ability to establish 

and maintain itself in the tissues of its host. 

The pattern of immunofluorescence observed in the ton

sillar tissue collected at necropsy was similar to that ob

served in the biopsies. Although considerable subjectivity 

is involved in estimating the number of cells fluorescing and 

the intensity of the fluorescence present, some comparison 

between biopsy and necropsy tonsil tissue was attempted. Re

sults of this comparison suggested that tonsillar tissue col

lected at necropsy had denser populations of fluorescing lympho

cytes in the germinal centers than were observed in the biopsy 

material. The fluorescence observed in the crypt and surface 

epithelium was more patchy and uneven in biopsy tissues than 

in the necropsy material. 

Both autofluorescence and pseudofluorescence were observed 

in the cells of the deepest layers of the surface and crypt 

epithelium. This seemed to be particularly troublesome in 

the tonsillar tissue from pigs with black skin. In general, 

the yellow color and granular consistency of the false reaction 

areas permitted differentiation; however, the use of alternate 

serial sections blocked by antisera was essential in question

able cases. 
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Serum Enzyme Assay 

The serum enzyme assays were all completed with the ex

ception of SGPT, which was not conducted after the early stages 

of the study. In this work, as well as in previously reported 

work (Cassidy and Seberg, I967) and that of Compagnucci and 

Martone (1967)» no significant change in the levels of SGPT 

were detected during the course of HC. 

Serum alkaline phosphatase results 

A gradual, but definite, decline in the SAP values was 

apparent in a majority of animals in 3 of 4 groups (Table 20). 

In Group I (virulent), 3 of 5 animals had elevated SAP values. 

In 2 of these animals the elevation was due to a several-fold 

Increase which occurred within 24 hours prior to death. Four 

of the Group III (virulent) animals had SAP levels which ele

vated briefly for 24 to 72 hours after infection and then de

clined steadily until the animals died or were euthanatized. 

The fifth animal's SAP level rose to approximately twice its 

pre-infection level 96 hours after infection and the animal 

died 24 hours later. Nine of 10 animals infected by the less 

virulent HCV-II325 manifested SAP levels which declined stead

ily during the course of the disease. In a few of these ani

mals a small transient increase in SAP levels occurred within 

a few days after infection. The major difference between the 

2 groups infected by the 2 different viruses was the incidence 

of the persistent decline of SAP values in the animals of 
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Table 20. Serum alkaline phosphatase levels in blood of 
young pigs Infected by a highly virulent (HCV-325) 
or less virulent (HCV-II325) hog cholera virus& 

Group I HCV-325 

Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 4.7 5.2 6.4 2.3 6.4 
8-21 4 . 6  4.8 5.9 3.0 6.3 
8-22, 4.6 4.4 5.4 3.1 6.4 
8-25̂  4.6 4.3 6.1 3.5 5.5 
8-27 2 . 9  4.8 7.0 4.4 4.8 
8-28 5.7 8 . 4  >40.0„ 14.2 7.1 
8-29 4.2 5.9 D° 3 4 . 2  4.0 
8-30 2.6 6.0 D D 2 . 9  
8-31 1.8 D D D 2.1 
9-1 1.5 D D D 1.7 
9-2 1.5 D D D 1.6 
9-3 0.7 D D D 0.7 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 4.6 8.3 7.2 5.6 4.3 
9-11 4.6 6.4 6.5 4.7 4.2 
9-12% 5.2 6.1 4.4 6.3 5.0 
9-15* 4.8 5.3 3.9 5.0 5.5 
9-17 4.9 5.4 3.2 3.3 4.1 
9-19 5.0 4.0 2.3 2.5 3.3 
9-22 3.9 1.5 1.8 1.2 2.4 
9-24 4.0 1.1 0.8 0.7 1.5 
9-26 4.5 1.1 1.0 0.8 1.6 
9-29 2.0 1.2 1.0 0.8 i.s. 
10-1 1.1 1.6 0.8 0.4 1.7 
10-3 0.9 D 0.8 0.6 1.8 
10-6 0.2 D D 0.1 0.1 
10-8 0.6 D D 3.7 1.9 
10-10 0.6 D D D 1.9 
10-13 0.6 D D D 3.3 
10-15 0.7 D D D 4.4 

Âlkaline phosphatase reported in Sigma units. 

D̂ate of Infection. 

D̂-animal died, 

Însufficient sample. 
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Table 20 (Continued) 

Group III HCV-325 
Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 6 . 4  5 . 7  5.6 5 . 9  4 . 8  
10-23 6.0 5 . 9  5 . 0  4.9 4 . 1  
10-24. 5 . 5  5 . 3  4 . 7  4 . 9  3 . 9  
10-27 4 . 3  4.9 5 . 3  4 . 6  4 . 1  
10-28 4 . 0  5 . 2  4 . 0  3 . 8  4 . 1  
10-29 3 . 4  8 . 5  5 . 5  3 . 6  6.6 
10-30 4 . 1  8.8 5 . 5  11.2 5 . 6  
10-31 2 . 4  4 . 2  3 . 5  10.6 3 . 7  
11-1 1 . 7  2.0 2.0 D 2.1 
11-2 1 . 3  1 . 7  1 . 6  D 1 . 6  
11-3 1 . 1  1 . 4  1 . 4  D 1 . 4  
11-4 1 . 0  1 . 1  1 . 3  D 1 . 4  
11-5 1 . 2  1 . 0  D D 1 . 6  
11-6 D 1 . 0  D D D' 
11-7 D 1 . 2  D D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 7 . 0  6 . 3  6.0 6 . 9  7 . 8  
11-13 5 . 4  5 . 7  5 . 8  4 . 8  6.1 
11-14 4 . 0  4 . 4  5 . 0  3 . 9  5.1 
11-17^ 3 . 9  3 . 8  3 . 6  3 . 6  4 . 2  
11-19 3 . 6  3 . 7  4 , 0  3 . 8  3 . 5  
11-21 2.6 2 . 8  2 . 4  3 . 1  3 . 7  
11-24 2.1 1 . 9  1 . 7  2.0 1 . 8  
11-26 1.6 1.2 1 . 4  1.2 1 . 4  
11-28 1 . 1  0 . 7  1 . 1  0 . 7  0.7 
12-1 D 0 . 5  0 . 6  D 0 . 8  
12-3 D 0 . 6  0 . 9  D 0.7 
12-5 D 0.6 D D 0.7 
12-8 D 0 . 4  D D 0 . 5  
12-10 D 0 . 6  D D 0.7 
12-12 D 0 . 5  D D 0 . 9  
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Groups II and IV (less virulent). 

Serum acid phosphatase results 

Although some pronounced changes in the SAcP were present 

in the serum of animals from all 4- groups, the differences 

were less consistent in relation to groups of animals or the 

virulence of the infecting virus (Table 21). While 6 animals 

manifested a SAcP increase of varying degree, serum from 12 

of them reflected a decline In the levels. Enzyme levels in 

serum of 80 percent of animals infected by HCV-11325 were re

duced in the terminal stage. Sixty percent of the animals 

infected with HCV-325 had increased SAcP levels at the terminal 

stage of the disease. Serum acid phosphatase levels were in

creased in all animals of Group I and decreased in all animals 

of Group IV. 

Serum glutamic oxaloacetic transaminase 

A comparison of the SGOT levels In the infected animals 

of Groups I and II provides insight into the difference in 

extent of damage produced in a host by similar viruses of high 

and low virulence (Table 22). Within 72 hours SGOT levels in 

the animals of Group I, Infected by virulent HCV-325> had In

creased from 6 to 30 times their pre-infection levels. With 

the exception of 1 animal, which had an elevated SGOT just 

prior to death, SGOT levels in animals of Group II were only 

moderately elevated. Post infection increases of SGOT observed 

in the animals of Group III when compared to those of Group I 
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Table 21. Serum acid phosphatase levels in blood of young 
pigs infected by a highly virulent (HCV-325) or 
less virulent (HCV-11325) hog cholera viruŝ  

Group I HCV-325 

Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8—20 1.0 0.9 1.3 0.9 1.1 
8-21 1.1 1.0 1.3 1.1 1.3 
8-22 1.2 0.9 1.2 1.1 1.4 
8-25̂  1.1 1.0 1.3 1.3 1.4 
8-26 0.9 1.8 1.1 1.1 0.8 
8-27 1.7 2.0 1.6 2 = 1 2.4 
8-28 3.̂  2.9 .̂5 4.0 
8-29 4.1 2.9 7.8 5.0 
8-30 3.1 2.4 D D 4.3 
8-31 2.0 D D D 3.0 
9-1 1.2 D D D 1.8 
9-2 0.9 D D D 1.3 
9-3 1.5 D D D 1.3 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 1.5 2.0 1.4 1.6 1.6 
9-11 1.5 1.8 1.7 1.5 1.6 
9-12, 1.6 1.8 1.2 1.5 1.7 
9-15 1.8 1.8 1.1 1.6 2.1 
9-17 1.8 1.8 1.1 0.3 1.9 
9-19 1.5 1.6 0.7 1.1 1.8 
9-22 1.5 1.9 1.0 1.4 1.8 
9-24 1.5 1.3 1.0 1.0 1.6 
9-26 1.7 1.7 0.7 0.8 1.5 , 
9-29 1.5 1.6 0.6 0.6. i.s. 
10-1 1.1 1.6 0.8 0.4 1.7 
10-3 1.0 D 0.8 0.6 1.8 
10-6 0.9 D D 1.1 1.9 
10-8 0.7 D D 2.7 1.8 
10-10 0.6 D D D 1.9 
10-13 0.4 D D D 1.8 
10-15 0,5 D D D 1.9 

^Acid phosphatase reported in Sigma units. 

^Date of Infection. 

-animal died. 

^i.s.-insufficient sample. 
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Table 21 (Continued) 

Group III HCV-325 

Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 2.0 2.2 1.5 2.1 1.7 
10-23 2.2 2.0 1.6 2.0 1.5 
10-24, 2.1 1.9 1.7 1.8 1.6 
10-27 1.5 1.9 1.8 2.0 1.5 
10-28 1.2 1.7 1.4 1.3 1.3 
10-29 1.8 3.1 2.4 1.8 2.3 
10-30 2.9 3.8 4.3 3.1 3.0 
10-31 3.0 3.8 5.4 4.3 3.1 
11-1 2.8 2.6 5.2 D 2.5 
11-2 1.8 1.5 3.3 D 1.5 
11-3 1.2 1.0 1.7 D 1.0 
11-4 0.9 0.7 1.1 D 0.9 
11-5 0.9 0.6 D D 0.8 
11-6 D 0.5 D D D 
11-7 D 0.6 D D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 1.8 1.7 1.8 1.5 2.1 
11-13 1.0 1.1 1.2 0.8 1.2 
11-14 1.0 1.1 1.3 0.8 1.3 
11-17 1.2 1.2 1.2 1.1 1.6 
11-19 1.0 1.2 1.0 1.0 1.3 
11-21 1.4 1.5 1.3 1.5 1.6 
11-24 2.1 1.9 1.6 1.7 1.7 
11-26 1.3 1.5 1.1 1.2 1.4 
11-28 0.8 1.1 0.8 0.9 1.0 
12-1 D 0.7 0.4 D 0.9 
12-3 D 0.5 0.6 D 0.5 
12-5 D 0.4 D D 0.4 
12-8 D 0.4 D D 0.4 
12-10 D 0.7 D D 0.3 
12-12 D 0.4 D D 0.5 
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Table 22. Serum glutamic oxaloacetic transaminase levels 
in blood of young pigs infected by a highly viru
lent (HCV-325) or less virulent (HCV-II325) hog 
cholera viruŝ  

Group I HCV-325 

Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 18 25 21 21 12 
8-21 23 28 25 33 41 
8-22, 30 21 30 26 35 
8-25° 26 23 33 21 39 
8-26 26 41 20 26 21 
8-27 66 60 86 55 94 
8-28 153 206 1000̂  216 , 187 
8-29 136 195 i.s.a 118 
8-30 180 300 D D l4l 
8-31 166 D D D 153 
9-1 159 D D D 118 
9-2 154 D D D 108 
9-3 99 D D D 92 

Group II HCV-11325 

12941 12942 12943 12944 12945 
9-10 21 31 28 25 26 
9-11 23 33 26 20 20 
9-12% 20 26 15 26 24 
9-15* 17 24 17 17 43 
9-17 16 25 18 17 21 
9-19 17 37 21 32 18 
9-22 15 50 37 35 32 
9-24 16 57 33 33 41 
9-26 26 52 32 50 37 
9-29 28 75 39 60 i.s. 
10-1 26 86 63 68 33 
10-3 24 D 43 60 32 
10-6 28 D D 72 28 
10-8 35 D D 159 20 
10-10 32 D D D 20 
10-13 30 D D D 23 
10-15 30 D D D 28 

Ĝlutamic oxaloacetic transaminase reported in Sigma-
Prankel units. 

D̂ate of infection. 

D̂-anlmal died. 
l̂.s.-insufficient sample. 
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Table 22 (Continued) 

Group III HCV-325 

Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 45 37 26 23 26 
10-23 33 26 25 21 21 
10-24 37 33 26 21 25 
10-27° 25 30 33 21 23 
10-28 57 30 43 20 23 
10-29 82 216 108 55 173 
10-30 153 315 173 196 135 
10-31 130 180 147 206 130 
11-1 119 114 114 D 99 
11-2 90 75 104 D 78 
11-3 90 57 124 D 63 
11-4 75 48 108 D 82 
11-5 147 54 D D 166 
11-6 D 52 D D D 
11-7 D 94 D D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 37 25 43 28 30 
11-13 28 20 . 37 28 26 
11-14% 23 17 35 18 23 
11-17 26 16 26 20 21 
11-19 30 21 35 30 21 
11-21 37 37 46 33 32 
11-24 135 63 82 75 57 
11-26 I4l 130 l4l 159 54 
11-28 82 103 75 68 37 
12-1 D 57 33 D 47 
12-3 D 54 113 D 47 
12-5 D 54 D D 41 
12-8 D 20 D D 21 
12-10 D 35 D B 18 
12-12 D 18 D D 79 
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exemplify the variation in response of a single species of 

animal to one particular viral pathogen. The effect of the 

additional virulence of HCV-325 over that of HCV-II325 is 

further evident when the SGOT levels of Groups I and III are 

compared with those of Groups II and IV. 

Serum lactic dehydrogenase 

In the preceding paragraph, the extent to which serum 

enzyme levels are elevated was discussed in relationship to 

the virulence of the HCV. In the case of LDH values, the 

greater virulence of the HCV may. be apparent in the uniformity 

and consistency with which the hosts were affected. In all 

ten animals infected with virulent HCV-325» the LDH levels 

were elevated at least 5-fold* Once established, elevated 

serum LDH values were recorded from 3 to 8 days or until death 

occurred (Table 23). In comparison, of 10 animals infected 

by less virulent HCV-II325 only 4 had levels of 2000 units 

or higher. All 4 animals with elevated LDH levels died during 

the course of the disease. Differences in LDH values between 

groups of animals infected by the same virus were not as marked 

as they were in the case of SGOT values. 

Clinical and Necropsy Studies 

Response of the 20 animals to infection by one of the 2 

HCV strains was assessed, in addition to hematology, by clin

ical, necropsy and microscopic examinations. 
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Table 23. Serum lactic dehydrogenase levels In blood of 
young pigs Infected by a highly virulent (HCV-325) 
or less virulent (HCV-11325y hog cholera virus® 

Group I HCV-325 

Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 1315 1325 1100 1200 1190 
8-21 1190 1000 1040 1235 1235 
8-22 1270 1150 1040 1290 1380 
8-25° 1215 1000 1085 1150 1190 
8-26 1535 910 1015 1130 850 
8-27 I815 1165 1215 1225 1645 
8-28 7300 5500 8600_ 6450 7900 
8-29 9150 7350 D° 11000 8500 
8-30 7425 7850 D D 6200 
8-31 6125 D D D I815 
9-1 5875 D D D 1870 
9-2 5575 D D D 1630 
9-3 1965 D D D 1605 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 1410 1390 1400 1325 1180 
9-11 1305 1215 1285 1290 1140 
9-12% 1335 1015 1040 1215 1100 
9-15* 1175 1140 990 1130 1360 
9-17 1140 1055 895 1015 895 
9-19 1000 1125 840 1200 960 
9-22 950 1335 1000 1000 795 
9-24 1175 1675 1140 1025 1485 
9-26 1040 1615 925 1390 1515, 
9-29 990 6300 1345 5475 i.s. 
10-1 1140 8150 6950 5900 1240 
10-3 975 D 5825 5575 1200 
10-6 1380 D D 2000 1510 
10-8 1360 D D 8350 1465 
10-10 1530 D D D 1055 
10-13 1400 D D D 925 
10-15 1325 D D D 935 

L̂actic dehydrogenase reported in Berger-Broida units. 

D̂ate of infection. 
®D-anlinal died. 

î.s.-insufficient sample. 
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Table 23 (Continued) 

Group III HCV-325 
Date Animal numbers 

1969 13136 13137 13138 13139 13140 

10-22 1085 1230 1070 1180 1040 
10-23 1125 1125 1165 1085 1100 
10-2\ 1190 1265 1240 950 950 
10-27 1085 1070 1370 975 935 
10-28 1115 1025 910 780 780 
10-29 1345 7475 1940 1215 1380 
10-30 8450 8900 8900 9000 6525 
10-31 7425 8925 9250 8950 5775 
11-1 5775 6575 6350 D i960 
11-2 1870 1870 7150 D 4875 
11-3 6725 6675 7475 D 7525 
11-4 1935 2000 7375 D 7650 
11-5 6350 5350 D D 9075 
11-6 D 1910 D D D 
11-7 D 6250 D D D 

Group IV HCV-11325 

13023 13024 13143 13144 13145 

11-12 1200 1015 1215 1100 1200 
11-13 1115 1000 1085 935 895 
11-14% 910 895 950 925 810 
11-17 895 870 885 855 885 
11-19 870 855 780 855 715 
11-21 960 885 935 795 910 
11-24 1760 1605 1530 1125 1725 
11-26 I850 1560 1380 1420 1605 
11-28 1590 1450 1200 1430 1140 
12-1 D 1115 885 D 1390 
12-3 D 1295 5350 D 1315 
12-5 D 1410 D D 1560 
12-8 D 1270 D D 1295 
12-10 D 1760 D D 1175 
12-12 D 1115 D D 1740 
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Clinical 

Body temperatures are recorded In Table 24. They Indi

cate that body temperature elevation occurs concurrently with 

the other changes described previously. Whereas the virulent 

HCV-325 produced changes. Including fever, as early as 24 hours 

after inoculation, HCV-II325 required a minimum of 48 hours 

to effect the same changes. 

Anorexia, Inactivity and a general malaise was evident 

in the animals as soon as the body temperature became elevated. 

Five to 15 days after infection, a crusty exudate was present 

in the conjunctiva. This frequently became viscous and, in a 

few cases, caused the animal to have difficulty in opening it's 

eyes. The orbital bleeding technique did not seem to affect 

this condition adversely, A similar exudate was present, 

transiently, around the nostrils of a few animals in each 

group. It was particularly severe in the Group III animals. 

Blotchy purplish areas appeared in the skin of white pigs. 

This was particularly noticeable in pigs which had survived 

infection for 2 weeks or more. The majority of the animals 

developed constipation and, later, diarrhea. Animals Infected 

with virulent HCV-325 that died shortly after infection did 

not appear to develop diarrhea. Although several animals 

manifested generalized weakness and Incoordination at various 

times in the course of the disease, frank convulsions and other 

signs suggestive of central nervous system involvement were 

not seen during the dally observation periods. Death was in
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variably preceded by a drop in body temperature. 

Necropsy 

Most of the animals in the 4 groups had several lesions 

associated with EC. Petechial hemorrhages were common in the 

kidneys, urinary bladder, coronary band of the heart, and 

skin. Ecchymotic hemorrhages were particularly evident in 

skin on the medial sides of the legs and on the abdomen. 

Lymph nodes were severely congested or hemorrhagic to the 

extent they resembled small blood clots. Necrotic lesions 

were present in the tonsil of every animal. A majority of 

these lesions were associated with the tonsil biopsy sites. 

Pneumonia varying in extent from a small plum-colored area 

on the tip of one lobe of the lung to a severe fibrinous 

pneumonia enveloping the anterior half of both lungs was 

present in approximately 20 percent of the animals. Splenic 

infarcts were present in 60 percent of the animals. The en

crusted circular raised lesions in the large intestine called 

"button ulcers" were observed in about 30 percent of the ani

mals. Bone changes attributable to HC were observed in ribs 

of three animals. A meticulous examination of orbits of the 

animals, following enucleation, revealed only a trace of blood 

in the areas where the periorbital venous plexus had been 

opened for sample collection the day of necropsy. 

One animal of Group I (12826) had a severe bilateral 

hydronephrosis, bilateral dilatation of both ureters, a hemor-
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rhaglc cystitis and a severely dilatated urethra. Animal 1282? 

of Group I was moderately icteric when'necropsled 3 days after 

being Infected with HCV-325* A severe congestion of the spleen 

and lesions typical of HC were also present. A purulent pyelo

nephritis was present in the right kidney of animal 12828. 

One animal of Group II had a bilateral dilatation of both 

ureters and another's urethra was dilatated distal to the blad

der. 

Four of 5 animals in Group III had moderate to severe 

dilatation present in one or more of the following structures: 

urethra, urinary bladder and ureters. In one of the 4 animals 

a moderately severe bilateral hydronephrosis was present. 

In Group IV, 2 animals apparently died of extensive hemor

rhage. Due to the thrombocytopenia commonly present in it, 

HC cannot be ruled out as at least one causative factor in 

the death of these 2 animals. Animal 131̂ 3 apparently died 

due to blood loss. A large blood clot which filled a major 

part of the stomach and extended up the esophagus and protruded 

into the pharynx was observed at necropsy. Large amounts of 

dark clotted blood were also present in the large intestine. 

The second animal (I3023) had a very large blood clot in the 

peritoneal cavity which extended from the diaphragm over the 

stomach, enveloping the spleen and part of the small Intestine 

(Figure 20). Approximately 400 ml. of dark red bloody fluid 

were present in the peritoneal cavity. Careful dissection 

disclosed the primary source of the hemorrhage to be in the 
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Figure 20. Animal 13023 with massive hemorrhage extending 
from the diaphragm around the stomach, enveloping 
the spleen and part of the small intestine. 
Source was the uterus 
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uterus. 

Hlstopathology 

Microscopic examination confirmed the lesions identified 

at necropsy. In addition, a marked vasculitis and other en-

cephalitic changes were evident in brain tissue of all 20 

animals. In a few animals, modest changes typical of HC were 

observed in the epiphyseal line region or ribs. 

Hog Cholera Viruses 

Isolation of viruses 

Isolation and identification of virus from all 10 animals 

of Groups I and III infected by virulent HCV-325 was accom

plished by the FA tissue culture technique (FATCT). Viral 

isolation from 3 of the 5 animals of Group II and all 5 of 

those in Group IV infected by HCV-II325 was also successful. 

All viral isolations were performed by the Swine Viruses Unit 

of Diagnostic Services, NADL, Ames, Iowa, under the direction 

of Dr. W. C. Stewart. 
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Table 24. Body temperatures of young pigs Infected by a 
highly virulent hog cholera virus (HCV-325) or 
one of less virulence (HCV-11325) 

Group I HCV-325 
Date Animal numbers 

1969 12825 12826 12827 12828 12829 

8-20 AM 103.8 104.0 104.2 104.0 103.0 
8-20 PM 103.4 103.2 103.6 104.0 103.4 
8-21 AM 102.6 103.2 103.2 103.6 103.2 
8-21 PM 104.0 103.8 103.6 103.6 103.2 
8-22 AM 102.6 102.8 103.0 103.2 102.4 
8-22 PM 103.2 103.2 103.4 103.4 103.2 
8-23 102.4 102.5 102.4 103.0 102.4 
8-24 , 103.2 103.2 104.2 103.0 103.4 
8-25 AM° 102.6 102.0 103.2 102.4 103.0 
8-25 PM 103.6 103.4 103.4 103.2 103.4 
8-26 AM 105.8 106.2 106.4 105.8 106.4 
8-26 PM 105.4 106.6 105.2 105.0 106.0 
8-27 AM 106.6 106.2 106.0 106.8 106.4 
8-27 PM 106.8 106.4 105.8 106.4 107.0 
8-28 AM 106.2 105.2 105.6. 106.6 106.2 
8-28 PM 106.0 104.4 D° 104.8 105.4 
8-29 AM 106.6 105.2 D 100.0 104.4 
8-29 PM 106.6 104.6 D 104.0 106.4 
8-30 107.0 105.0 D D 106.4 
8-31 106.0 D D D 106.6 
9-1 105.6 D D D 105.0 
9-2 AM 105.0 D D D 105.6 
9-2 PM 104.1 D D D 104.4 
9-3 AM 104.4 D D D 104.2 
9-3 PM 104.2 D D D 104.0 
9-4 103.6 D D D 104.2 

Group II HCV-11325 

12941 12942 12943 12944 12945 

9-10 AM 103.0 104.0 103.6 102.4 102.4 
9-10 PM 103.2 103.0 103.4 104.0 103.4 
9-11 AM 101.8 101.6 101.8 102.4 102.4 
9-11 PM 104.0 104.2 104.6 103.4 103.2 
9-12 AM 102.2 102.2 102.8 102.0 102.8 
9-12 PM 103.2 103.6 103.4 102.6 103.0 

T̂emperature reported in degrees Fahrenheit. 

D̂ate of infection. 
®D-anlmal died. 
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Table 2^• (Continued) 

Group II HCV-11325 (Continued) 

Date Animal numbers 

1969 12941 12942 12943 12944 12945 

9-13 102.5 102.4 103.0 102.2 103.0 
9-14 "K 102.4 102.0 102.2 102.6 103.0 
9-15 AM̂  102.4 101.8 102.4 102.2 101.8 
9-15 PM 103.4 103.6 103.4 103.8 104.4 
9-16 AM 102.6 101.2 102.2 102.8 102.8 
9-16 PM 103.2 102.8 103.6 103.4 103.6 
9-17 AM 102.8 101.8 102.8 103.4 103.2 
9-17 PM 102.8 103.2 104.4 104.2 103.8 
9-18 AM 102.4 103.8 106.0 104.4 104.6 
9-19 AM 103.0 105.8 106.0 105.4 104.0 
9-19 PM 103.0 105.8 106.6 106.4 105.8 
9-20 104.0 106.0 106.8 106.0 105.4 
9-21 102.2 106.6 104.8 106.4 105.0 
9-22 AM 102.0 106.4 106.6 106.8 104.4 
9-22 PM 102.6 106.0 106.2 106.4 104.8 
9-23 AM 103.2 107.0 107.6 106.8 104.6 
9-23 PM 102.4 108.0 107.4 108.2 104.6 
9-24 AM 102.2 106.4 106.8 106.0 105.0 
9-24 PM 103.6 107.6 106.6 106.8 105.2 
9-25 AM 104.6 105.8 107.8 107.4 104.8 
9-25 PM 103.4 106.4 105.2 106.6 105.4 
9-26 AM 103.8 105.2 106.4 106.8 104.0 
9-26 PM 103.6 106.6 107.4 105.4 105.8 
9-27 104.6 105.6 107.7 106.0 105.0 
9-28 104.2 105.0 106.4 105.6 104.4 
9-29 AM 106.4 105.4 105.8 106.0 104.8 
9-29 PM 107.2 104.6 106.4 106.2 105.6 
9-30 AM 104.6 104.1 106.8 106.6 104.3 
9-30 PM 106.4 105.4 105.6 107.0 104.6 
10-1 AM 105.4 102.6 106.0 104.8 104.2 
10-1 PM 105.0 103.8 103.6 104.8 104.2 
10-2 AM 106.8 102.2 104.6 105.8 103.6 
10-2 PM 106.8 D 105.0 105.6 104.0 
10-3 AM 106.6 D 103.8 104.6 103.2 
10-3 PM 105.6 D 104.2 104.4 103.8 
10-4 105.6 D 103.2 104.2 103.8 
10-5 105.0 D 101.8 104.4 102.2 
10-6 AM 105.8 D D 104.6 102.0 
10-6 PM 106.0 D D 105.4 104.2 
10-7 AM 105.8 D D 103.6 104.0 
10-7 PM 106.0 D D 103.4 103.6 
10-8 AM 104.8 D D 103.2 102.2 
10-8 PM 104.8 D D 103.6 103.6 
10-9 AM 104.0 D D D 103.2 
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Table 24 (Continued) 

Date 

Group II HCV-11325 (Continued) 

Date Animal numbers 

1969 12941 12942 12943 12944 12945 

10-9 PM 105.0 D D D 103.2 
10-10 AM 104.6 D D D 103.5 
10-10 PM 103.0 D D D 103.4 
10-11 104.2 D D D 103.6 
10-12 104.4 D D D 103.4 
10-13 AM 105.6 D D D 103.8 
10-13 PM 105.2 D D D 104.0 
10-14 AM 104.8 D D D 104.2 
10-14 PM 104.8 D D D 103.0 
10-15 104.6 D D D 102.6 

Group III HCV-325 

13136 13137 13138 13139 13940 
10-21 AM 103.3 103.6 102.2 103.2 103.0 
10-22 AM 102.8 102.6 103.0 103.0 103.2 
10-22 PM 103.0 102.4 103.0 102.6 103.8 
10-23 AM 102.6 102.6 102.2 102.0 102.6 
10-23 PM 102.4 102.8 102.6 102.4 103.2 
10-24 AM 102.4 101.8 102.0 102.2 101.8 
10-24 PM 102.4 102.8 102.8 103.2 103.8 
10-25 102.6 102.0 102.8 103.4 103.6 
10-26 , 102.4 102.6 102.2 103.2 103.4 
10-27 AM° 102.4 102.6 101.4 101.4 101.6 
10-27 PM 103.4 102.8 103.2 102.6 102.8 
10-28 AM 105.4 104.2 106.8 105.0 104.4 
10-28 PM 105.6 106.0 105.8 105.4 104.6 
10-29 AM 107.0 106.4 105.2 105.6 105.6 
10-29 PM 107.0 107.0 106.2 106.0 106.4 
10-30 AM 106.8 105.4 106.0 104.0 105.8 
10-30 PM 106.4 105.0 106.4 104.2 105.6 
10-31 AM 106.4 105.4 107.2 104.6 107.8 
10-31 PM 107.2 105.0 106.8 105.2 106.8 
11-1 106.6 106.2 106.8 D 105.0 
11-2 106.2 105.8 103.0 B 104.6 
11-3 AM 104.4 105.4 104.2 D 104.2 
11-3 PM 105.0 105.8 104.0 D 104.8 
11-4 AM 104.4 105.2 103.0 D 105.0 
11-4 PM 104.4 104.4 101.0 D 103.8 
11-5 AM 105.0. 103.8. D D 100.8 
11-5 PM N* D D D 
11-6 D 105.0 D D D 
11-7 D 104.6 D D D 

N̂-temperature not taken. 
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Table 24 (Continued) 

Group IV SCV-11325 
Date 

1969 13023 13024 13143 13144 13145 

11-12 am 102.0 102.4 103.2 103.4 102.4 
11-13 am 103.4 103.8 103.4 103.4 102.8 
11-13 pm 103.6 104.0 103.6 103.8 103.8 
11-14 am 102.2 102.0 103.0 102.4 102.6 
11-14 pm 103.0 103.6 104.0 103.6 103.4 
11-15 102.2 102.0 102.8 102.6 102.4 
11-16 , 102,9 102.6 103.2 102.4 102.5 
11-17 am° 102.4 103.2 103.2 102.2 103.0 
11-17 pm 103.0 103.6 103.4 103.2 102.8 
11-18 am 103.4 103.8 103.6 102.4 103.0 
11-18 pm 103.6 103.6 103.8 103.8 103.4 
11-19 am 103.6 103.6 103.4 103.6 103.4 
11-19 pm 103.4 103.8 103.4 103.8 103.2 
11-20 105.0 105.0 105.8 105.4 104.4 
11-21 am 106.2 106.4 106.0 106.0 105.4 
11-21 pm 106.8 106.8 107.0 107.2 106.2 
11-22 107.2 108.0 107.1 106.2 106.0 
11-23 106.4 106.5 106.8 106.0 105.0 
11-24 am 107.6 106.2 107.4 106.6 106.4 
11-24 pm 106.8 106.4 107.4 106.8 106.8 
11-25 am 106.0 107.0 106.4 105.6 106.0 
11-25 pm 106.4 107.2 106.0 105.4 106.0 
11-26 am 107.2 106.8 105.8 106.8 104.2 
11-26 pm 104.6 104.2 106.2 107.6 105.6 
11-27 am 105.4 106.5 105.5 106.4 107.0 
11-27 pm 105.6 106.4 106.2 106.0 107.2 
11-28 am 106.0 106.4 104.4 104.4 106.6 
11-28 pm 105.6 105.4 105.8 d 106.2 
11-29 d 105.7 104.8 d 105.4 
11-30 d 106.1 105.0 d 105.7 
12-1 am d 105.6 103.4 d 105.0 
12-1 pm d 105.4 102.0 d 105.4 
12-2 am d 105.2 103.4 d 105.8 

fk d 106.0 103.6 d 106.2 
12-3 am d 105.8 91.0 d 105.6 
12-3 pm d 105.4 90.8 d 105.2 
12-4 am d 105.8 d d 105.8 
12-4 pm d 105.8 d d 105.4 
12-5 am d 105.4 d d 104.4 
12-5 pm d 105.6 d d 104.4 
12-6 d 105.2 d d 104.6 
12-7 d 105.5 d d 104.2 
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Table 24 (Continued) 

Date 

Group IV HCV-11325 (Continued) 

Date Animal numbers 

1969 13023 13024 13143 13144 13145 

12-8 AM D 104.5 D D 104.3 
12-8 PM D 104.0 D D 104.2 
12-9 AM D 105.4 D D 103.2 
12-9 PM D 105.8 D D 104.0 
12-10 AM D 106.0 D D 103.8 
12-10 PM D 104.8 D D 103.8 
12-11 AM D 104.4 D D 105.2 
12-11 PM D 105.8 D D 106.0 
12-12 D 104.6 D D 104.4 
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DISCUSSION 

Hematologic Examinations 

Erythrocyte sedimentation rate 

Method comparison study Comparison of the 3 methods 

for determining the ESR of swine blood gave results similar 

to those of Gambino et aJL. (I965) who worked with human blood. 

The modified Westergren method resulted in the least variation 

between samples, or the greatest statistical precision. Gam

bino et a2. (1965) modified the classical Westergren method 

by replacing the 3-8 percent sodium citrate solution, which 

served the dual purposes of blood diluent and anticoagulant, 

with 0.85 percent saline. Use of the modified procedure re

quires collection of blood in an appropriate anticoagulant, 

preferably tripotassium ethylenediamine tetra-acetate mono-

hydrate (K̂ EDTA). Apparently, diluted blood is essential for 

accurate determination of the ESR of swine or human blood. 

Dawson (i960) published work pointing out that narrow bore 

tubes such as the Westergren ESR tube caused excessive aggre

gation of erythrocytes unless the plasma proteins are diluted. 

In order to avoid such undesirable effects, the sedimentation 

tube should have a bore greater than 4- square millimeters 

2 (mm ). To conserve blood both the Wintrobe and Westergren 

2 tubes have bores considerably narrower than 4 mm . There 

appear to be 2 physical reasons for the reduced accuracy of 

the Wintrobe tube. First, it uses undiluted blood in a tube 
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with too narrow a bore. Second, the Wintrobe tube is too short 

and consequently the free fall time is too short. Wintrobe 

(1967) has acknowledged that his method gives more misleading 

results than the Westergren technique and attributes this 

chiefly to the narrow bore of the tube. The modified Wester

gren method, as demonstrated by the results of these studies, 

would appear to be the method of choice for determining the 

ESR of swine blood. 

Modified Westergren versus dilute Wintrobe method Re

sults of this trial conclusively demonstrate that the modified 

Westergren method was adequately sensitive to detect deviations 

in the ESR due to infection by HCV. It is noteworthy that ESR 

values underwent change as early in the course of the disease 

as body temperature and TWBC count. Also the relative increase 

of the ESR was generally several-fold greater than the reduc

tion in TWBC numbers or elevation in body temperature. This 

suggests that on a unit basis, the ESR provides the most sensi

tive indicator of blood component Injury due to EC. 

This trial also provided a comparison between the Wester

gren and Wintrobe methods when diluted blood was used in both 

tubes. Gamblno et (196$), in comparing 32 diluted human 

blood sample ESR*s measured in both Wintrobe and Westergren 

tubes, reported a closer correlation of values in the normal 

range than when the modified Westergren and Wintrobe methods 

with undiluted blood were used. He also reported that In the 

higher ESR ranges, regardless of whether the blood was diluted 
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or not, the Wintrobe tube gave lower values than modified 

Westergren method. This general trend is present in the data 

of Table 4 which suggests that even with dilute blood, use of 

the Wintrobe tube results in a less sensitive measurement. 

Erythrocyte sedimentation rate of experimental animals 

The ESR is a simple test used routinely as an index of active 

disease of many types. In order to discuss the changes occur

ring in the ESR during HC Infection, a brief explanation of 

the underlying mechanism, to the extent that it is understood, 

will be given here. The test is based on the phenomenon that 

erythrocytes in blood to which an anticoagulant has been added 

will sediment into a packed column in the lower part of the 

tube or container. The rate of this process is dependent on 

several factors, chief of which are rouleaux formation, concen

tration of fibrinogen in the plasma and concentration of alpha 

and beta globulins in the plasma or serum. Red blood cells 

sediment because of their density exceeds that of the plasma. 

Opposing this is the buoyancy-producing effect of the plasma. 

The strength of this opposing force is directly proportional 

to the surface area of the erythrocytes. Aggregation of sev

eral erythrocytes in the form of a cylindrical column produces 

a "rouleaux" with much less surface area than the total surface 

area of the individual RBC's. The result is that the force 

of the plasma opposing sedimentation is proportionately re

duced. Rouleaux formation is the greatest single factor lead

ing to an increased sedimentation rate. It is increased by 
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plasma colloid changes resulting mainly from increased con

centrations of fibrinogen and alpha and beta globulins. The 

relationship of the fibrinogen concentration of plasma to the 

ESR Is generally a linear one. Gamma globulins have little 

effect on the ESR (Lynch et , 1969)• Plasma albumin tends 

to reduce the ESR by retarding the attraction between the 

RBC's. Alpha and beta globulin levels also have a marked 

effect on the ESR. Increased levels almost always produce 

an elevation of the ESR. Most acute Infections are character

ized by reduced plasma albumin and Increased alpha globulins 

and fibrinogen, a combination which enhances the ESR (Lynch 

et al., 1969). 

One remarkable difference between the responses of the 

2 groups of animals Infected by the 2 HC viruses of different 

degrees of virulence, was their ESR response in the course of 

the disease. In every animal Infected with the more virulent 

HCV-325» a noticeable Increase occurred in the ESR within 24 

hours after inoculation. This elevation persisted for varying 

lengths of time and then dropped to or near pre-infectlon 

levels. After a variable length of time, the ESR increased 

again and persisted at elevated levels until the animals died 

or the experiment was terminated. Plasma fibrinogen concen

tration increases very rapidly in acute diseases with lesions 

throughout the body, such as in HC. It is quite probable that 

this was the major cause of the initial elevation in ESR ob

served in these animals. A rise in fibrinogen was not recorded 
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In the electrophoretograms mad© during this study, as serum, 

not plasma, was the source of proteins. Frequently after 

blood cells had been separated and discarded, the serum would 

form a clot. It seems logical to assume that this was due 

to an excess of fibrinogen, however, the possibility of a 

delayed clotting mechanism must also be considered. 

The second rise in ESR is at least partially explained 

by the results of electrophoretic separation of serum proteins. 

Between the time of inoculation and the beginning of the second 

rise in ESR, the serum globulins increased an average of 6 

grams percent. This suggests that the ESR and electrophoresis 

results obtained from pigs of Groups I and III (virulent) can 

be explained on the basis of the mechanisms determining the 

ESR. Although less dramatic and obvious, the elevation of 

the ESR in the swine of Groups II and IV was accompanied by 

a gradual increase in serum globulins. Between the time of 

inoculation of the less virulent HCV-II325 and the start of 

the ESR increase, the serum globulins increased an average 

of 5»̂  percent. One explanation for the absence of a biphasic 

response in the ESR of these animals may have been that the 

virus was not producing adequate damage to the host to produce 

a sufficient elevation in the fibrinogen level of the plasma. 

Another possibility is that the accelerated ESR due to in

creased fibrinogen, if it occurred, was maintained by the 

macroglobulin produced by the immune mechanism stimulated 

by the HCV. 
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Weide and Twiehaus (1959) reported an increased ESR in 

young pigs 8 days after they were inoculated with lapinized, 

hog cholera vaccine virus. Our findings are also in agreement 

with Sippel (1958) who reported a consistent increase in the 

ESR of HC infected swine. 

Packed cell volume, hemoglobin concentrât ion and total red 
blood cell numbers 

Due to their intimate relationship to each other, these 

3 measurements are discussed together. Their responses in the 

HCV infected animals paralleled each other, an observation 

which is in agreement with that of Sorensen et (196I). 

Although several viruses affecting animals are known to 

produce an anemia, e.g., infectious equine anemia and infec

tious canine hepatitis viruses, HCV has not been commonly in

criminated as possessing this property,. Data in Tables 7, 8 

and 9 indicate a reduction in PCV, Hgb and TRBC within 24 to 

48 hours after inoculation of HCV. A satisfactory explanation 

for this phenomenon has not been available up to this time. 

Sirbu et (1964) using FA techniques described HCV antigen 

on the surface of erythrocytes from infected animals. 

Although these reduced RBC's and related values have been 

reported since Dinwiddie (1914) described the anemia of HC, 

they have received minimal attention. A possible explanation 

is that the relative decrease in these values is not as pro

found in relation to their totals as is the change in total 

leukocyte numbers. It must also be noted that there are few 
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If any pathologic changes associated with HC which resemble 

those of a hemolytic anemia, such as that seen in porcine 

eperythrozoonos is. 

The changes observed in bone marrow in this study, and 

discussed later, indicate that HCV enters and possibly repli

cates in cells of both the erythroid and myelocytic cell series. 

This apparently greatly reduces the number of young blood cells 

available for replacement of senile red and white blood cells 

in the circulation. The RBC has a much longer life span than 

most leukocytes. Using carbon-l4, Bush et al. (1955) deter

mined a mean lifetime span for the pig erythrocyte of 62 days 

while Jensen et a2. (1956), working with iron-59, calculated 

a value of 63 days and Hansard and Kincaid (1956) obtained a 

value of 71 days using chromium-51. No precise data on the 

life span of the porcine leukocytes was encountered in the 

literature. Patt and Maloney (1959)» using tritiated thymidine, 

were able to estimate the life span of canine neutrophilic 

granulocytes at between 8 to 14 days. Current research on 

human lymphocytes with radioactive markers has revealed 2 types 

of lymphocytes, one with a life span of 2 to 3 days, another 

which survives for 200 to 300 days and possibly even for years 

(Lynch et al., 1969). The difference in the life spans of 

these cells suggests a hypothesis that might explain the dif

ferences in the relative degrees of damage suffered by the 

populations of EEC's and WBC*s. Because of their much longer 

life span, the need for mature red blood cells would be much 
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less than that for granulocytes or short-lived lymphocytes. 

In addition, the affinity of the HCV for leukocytes would 

result in still greater degrees of relative reduction in TWBC 

numbers. The largest number of HCV infected leukocytes appar

ently are observed in the peripheral blood within 48 hours 

after Infection (Miha.llovic et al., 1969). Solorzano (1962) 

has reported the presence of HCV in leukocytes and published 

the first procedure for demonstrating HCV antigen in these 

and other tissue cells. 

Blood loss due to sample collection is one consideration 

which merits discussion. Approximately 15 ml. of blood were 

collected daily from each animal on the days listed in the 

data tables. Kornegay (I967) removed 12 ml. of blood twice 

daily for 5 days from 9» 1̂  kilogram pigs. Hemoglobin values 

followed PCV values which decreased from 34.9 to 31«3 percent. 

In the same study he removed 12 ml. of blood from pigs of 

similar age, weight and sex for a period of 100 days. Hemo

globin concentration declined from 10.8 to 9*6 grams percent 

and the PCV values dropped from 35 to 31 percent. These re

sults suggest that at least some of the decreases observed 

in these observations are possibly due to blood loss from sam

ple collection. It may also be pertinent to point out that 

no declines in PCV, Hgb and TRBC levels occurred during the 

5-day pre-infection period when blood samples were collected 

at the same time intervals. To further support the contention 

that these changes are due at least in part to the HCV, one 
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has only to refer to the numerous reports of anemia In both 

field and laboratory studies of HC. Among the more pertinent 

are those of King and Wilson (1910), Lewis et (1914), Lewis 

and Shope (1929a), Kernkamp (1939)> and Welde and Twlehaus 

(1959). The design of this experiment was not appropriate 

for the solution of the question of the extent to which bleed

ing for samples produced the decline In these values; however. 

It cannot be entirely disregarded. 

In summary, results of this work and the cited reports 

strongly suggest that HCV strains, Irregardless of their viru

lence, produce damage to the erythrold cell series of the bone 

marrow which Is reflected In reduced PCV, Hgb and TRBC levels 

In the peripheral blood. 

Red blood cell Indices 

The size and hemoglobin content of erythrocytes are de

fined by erythrocytic Indices calculated from results of deter

minations of PCV, Hgb and TRBC numbers. Normal values for the 

pig are for MCV, a mean of 63 cubic microns with a range of 

50 to 68; for MCHC, a mean of 32 percent with a range of 30 

to 3̂ ; for MCE, a range of l6.6 to 22.0 micromlcrograms (Ben

jamin, 1961). 

Mean corpuscular volume The extreme fluctuations of 

this index value before, as well as after, infection prevented 

the detection of any meaningful and consistent trend in the 

change of size of the erythrocytes. Due to this circumstance 
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it was not possible to recognize any variation from normal 

values which might be due to HCV. With the exception of ani

mals 12825 and 12827, which had consistently low MCV values, 

the animals were all in the normal range. 

Mean corpuscular hemoglobin There was no perceptible, 

consistent change in this value in the animals of the 4 groups, 

which did not occur before infection as well as after exposure 

to HCV. No deviations of significance between groups of ani

mals infected by the 2 HCV*s of different degrees of virulence 

were apparent. 

Mean corpuscular hemoglobin concentration While minor 

elevations or decreases in the MCHC occurred at various stages 

of the HC infection, no consistent changes were detected in 

this index value among the 20 animals. The uniformity of the 

MCHC values, all within the normal range, is noteworthy. 

It is quite interesting that anemias due to bone marrow 

depression causing decreased blood formation are characterized 

as normocytic and normochromic. Normal MCV and MCHC values 

of this study identify the anemia as normocytic and normo

chromic. These findings together with those of immunofluores

cent examination of bone marrow and peripheral TWBC and TRBC 

counts are compatible with bone marrow injury due to HCV. 

Reticulocytes 

The normal level of reticulocytes in swine blood is as 

high as 2 percent and the time required for additional reticu-
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locytes to appear In the blood following acute and severe blood 

loss Is around 4 days (Schalm, 1965)» These values on replace

ment times are for the bovine, as figures for swine could not 

be found In literature. Life span of reticulocytes Is con

sidered to be no longer than a few days in the bovine. 

Results of the reticulocyte counts further support the 

contention that the erythrocytic bone marrow cell series is 

damaged by HCV. With few exceptions, following infection, 

reticulocyte numbers did not regain their pre-infection levels. 

There was no perceptible difference attributable to the differ

ent strains of HCV infecting the animals. The exceptions, 

mentioned above, were single animals with elevated levels ob

served for 1 or 2 days. Animal 129̂ 5 of Group II was appar

ently effecting a recovery from HC and the increased reticulo

cyte levels reflect a compensatory replacement effort. 

The consistently reduced levels of reticulocytes observed 

in these animals, for periods of several weeks or longer, prob

ably reflect a persistent infection of the bone marrow. This 

speculation was confirmed by Immunofluorescent studies of bone 

marrow cells collected at previously described Intervals. 

Nucleated red blood cells 

Following the transient rise in numbers of nucleated EEC's 

in the animals of Groups. I and III, there was an abrupt reduc

tion and disappearance of these cells. In Groups II and IV 

no sharp increase was observed in numbers of nucleated BBC's. 
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However, by the middle and late stages of Infection with HCV-

11325, nucleated RBC's were no longer present In smears of 

peripheral blood. 

We are unable to explain the marked difference in response 

of these immature erythrocytes in animals infected by the two 

viruses. Additional support for the contention that the ery-

thron elements of the bone marrow are damaged by the HCV, is 

present in the disappearance of the nucleated RBC*s from the 

peripheral blood following infection of the animals in all 4 

groups. 

Total white blood cell counts 

The uniformity with which the 2 strains of HCV produced 

depression of both RBC and WBC numbers within rather narrow 

postlnoculation time limits, is noteworthy. Equally important 

is the difference in time of development of leukopenias pro

duced in the animals infected by the 2 viruses. This latter 

observation is in agreement with that of Sorensen ̂  al. 

(196I). 

Little question remains as to the etiology of the leuko

penia, considered to be a classical finding In HCV infected 

pigs. Results of this study and others (Solorzano, I962, and 

Sirbu ̂  al., 1964) place the site of leukocyte destruction 

in both the bone marrow and peripheral blood. Hog cholera 

virus has been isolated from bons marrow by Pehl and Schulze 

(1958)• Boynton (19̂ 6) has been able to produce ̂  vitro 
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replication of HCV in bone marrow cell cultures derived from 

susceptible animals. In a part of our work to be discussed 

later, HCV antigen was consistently demonstrated in the cyto

plasm of cells present in smears of bone marrow material taken 

from the animals of all four groups. Solorzano (1962) and 

Mihajlovic et. âl' (1969) have demonstrated HCV antigen by 

immtino fluorés cent techniques, in blood leukocytes taken from 

HCV infected pigs. Dunne et (1958) were able to obtain 

6l serial passages of HCV in porcine leukocyte cultures. Loan 

and Gustafson (1964) have also demonstrated that HCV may per

sist for up to 2 years in cultures of subcultural swine buffy 

coat cells. In both cases the HCV was virulent for susceptible 

pigs after serial passage. Strain HCV-II325 used in these 

studies was isolated by means of swine blood buffy coat cell 

cultures after cultivation on conventional porcine kidney cell 

cultures failed to detect the virus. These facts strongly 

suggest that the HCV produces the leukopenia by entering into 

the leukocytes of the bone marrow and peripheral blood, utiliz

ing their metabolic machinery for its replication and ultimate

ly destroying the cells. Weide et (1962), using gnoto-

biotic and mono-contaminated pigs, demonstrated that the leuko

penia present in HC was due to the HCV. Similar studies in 

the gnotobiotic dog with canine distemper virus by Gibson ̂  al. 

(1965) and with gnotobiotic cats using feline infectious enter

itis virus by Rohovsky and Griesemer (1967), have also demon

strated that the leukopenias in these diseases are of viral 
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origin. 

Differential leukocyte counts 

Contradiction and variation exist between reports describ

ing the differential leukocyte counts from both normal and HC 

affected swine. Results of this study were also characterized 

by a lack of uniformity. Swine differential leukocyte counts, 

as suggested by data from this study and previously published 

reports. King and Wilson (1910), Kernkamp (1939) and Weide and 

Twiehaus (1959)» are too variable both before and after HCV 

infection to provide reliable Information on the disease. 

Bone marrow smears 

A careful study and classification of 3OO cells in each 

of 262 individual bone marrow samples was carried out. Samples 

were collected at previously described times from all 20 ani

mals. Unfortunately, bone marrow aspirate material frequently 

contains only a small and not necessarily representative sam

ple. All types and techniques of bone marrow aspiration or 

biopsy are open to this shortcoming. Consequently bone marrow 

material cannot be evaluated from a quantitative standpoint. 

During our examinations no unusual cell types or other abnor

malities were observed in postinfection smears that were not 

present in smears collected prior to Inoculation of the HCV. 

One significant item of Information obtained from the 

examination of bone marrow smears was the myelold:erythrold 

ratio. Lahey et al. (1952) published the figure 1.77 ± o.52 
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as the M:E ratio for "bone marrow of young pigs. Table 15 con

tains the M:E ratios obtained from results of each bone marrow 

examination. Marked fluctuations are present in these values, 

even within the same animal from day to day. If mean values of 

M:E ratios from each sample collected before and after infec

tion are considered, the latter values will obviously be much 

higher. Increased M;E ratios are generally the product of 

either a hyperplasia of myelocytic bone marrow with the same 

or reduced number of erythroid cells or unchanged numbers of 

myelocytic cells with a reduced number of erythroid cells. 

In view of the leukopenic blood counts on peripheral blood, 

collected from the same animal and at the same time as ifhe 

bone marrow material, the elevated M:E ratios are probably 

due to a reduction of the erythrocytic cell precursors in the 

bone marrow due to the HCV. 

Serum Protein Studies 

Total serum proteins 

A majority of the animals Infected by the more virulent 

HCV-325 showed a slight Increase in serum protein levels. An 

opposite effect was evident in serum from animals infected by 

the less virulent HCV-II325. In most cases the difference be

tween serum protein levels in the first and last samples was 

less than the fluctuations observed daily. These findings 

are not in agreement with those of Kostyunlna and Bychkov 

(1965) who reported a decrease in total proteins during the 
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first 6 days after the Injection of HCV. Poul (1962) reported 

a 20 percent increase in total serum proteins following hyper-

immunization of immune swine with HCV. Konopatkin (1962) also 

reported an increase in total serum proteins in vaccinated 

pigs after they were challenged with a virulent HCV. 

Electrophoretic separation of serum proteins 

An obvious trend was apparent in separation patterns pro

duced by electrophoresis of the serum proteins from the 20 pigs. 

It was characterized by a decrease in albumin and increase in 

globulins. According to Vesselinovitch (1955)» this dyspro-

teinemia, in which albumin decreases and globulins increase, 

is a manifestation of the animal to any kind of stress and is 

a sign of the "adaptation syndrome". These results are in 

agreement with those of Weide and King (1962), Kostyunina and 

Bychkov (I965) and Mengeling and Packer (I969). A consistent 

elevation of the alpha globulin was observed in these studies. 

Similar findings have been reported by several workers (Weide 

and King, 1962; Konopatkin, 1962; Mengeling and Packer, I969). 

Kostyunina and Bychkov (I965) reported that alpha globulins 

did not change during the first 6 days after infection with 

HCV. 

The difference in their effects on the gamma globulin 

levels of their hosts, produced by the 2 HCV*s, probably re

flects their difference in virulence (Mengeling and Cheville, 

1968). While 30 percent of the animals infected with the 
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milder HCV-11325 had depressed gamma globulin levels, ôO per

cent of those Infected by HCV-325 had reduced levels of the 

same fraction. An accurate comparison of the results of this 

Investigation with published findings would not be valid be

cause of the variety of electrophoretlc techniques and appa

ratus which were used. Equally important to keep in mind is 

the fact that the changes in the various protein fractions 

are relatively small and comparisons such as those made here 

are frequently of questionable validity. 

Immunofluoréscent Studies 

Fluorescent examination of tonsil biopsies 

Findings from this study are in agreement with those of 

Aiken et (1964) who reported the detection of HCV antigen 

In tonsil sections as early as 72 hours postinoculation. De

tection was accomplished by use of the FATS technique. The 

earlier detection, at 24 hours postinoculation, of the HCV 

antigen in our work may have been due to one or more factors: 

(1) HCV-325 is a highly virulent virus capable of replicating 

very rapidly, (2) host animals in this study were specifIc-

pathogen-free (SPF) hog cholera susceptible pigs from herds 

which have been shown to be highly susceptible to this strain 

of HCV, (3) the technical personnel in the laboratory where 

these studies were conducted, have the detection of HCV antigen 

in swine tissues as one of their major responsibilities and 

consequently have further developed and highly refined the 
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PATS technique. Aiken ̂  (1964) and Teebken et al. (1967) 

also reported that modified and attenuated HC viruses were 

identified in tonsillar tissues ̂  to 9 days postinoculation. 

This is in agreement with findings with the less virulent 

strain HCV-II325. Antigen of this virus was not detected 

in PATST stained tonsillar tissue before 7 days postinocula

tion. 

Observations by Teebken et al, (I967) are not in complete 

agreement with those made in this study. In their studies 

they described patterns by which the fluorescence developed 

following infection of pigs by HCV's of different degrees of 

virulence. They described immunofluorescence in the tonsillar 

crypt epithelium of pigs infected 4-8 hours previously by a 

highly virulent virus. Seventy-two hours postinoculation 

reticuloendothelial cells in diffuse lymphoid tissue were 

showing fluorescence. Our observations were almost the oppo

site in that cells in germinal centers fluoresced prior to 

epithelial cells. Teebken et â . (I967) reported that immuno

fluorescence due to hog cholera vaccine Irus was confined 

primarily to plaque-like areas of epithelial cells lining the 

deep areas of tonsillar crypts. In our work the HCV of lower 

virulence behaved essentially like the highly virulent one 

except for the longer incubation period. Any comparison of 

the attenuated vaccine HCV used by Teebken et (1967) and 

our HCV-II325 is obviously not appropriate. They also reported 

that inactivated HCV vaccines produced an atypical granular 
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fluorescence in the germinal centers only, 4 to 7 days after 

Injection of the vaccine. A yellow-colored, granular fluores

cence in the germinal centers of tonsillar tissue from normal 

pigs that have had no experience of HCV antigen of any type 

was commonly observed. One major difference in the 2 studies 

was that Teebken et (1967) killed their animals for each 

examination, while our work is based on biopsies collected at 

various intervals from 5 animals at a time. Consequently, it 

seems our work would provide a more accurate chronological pic

ture of the sequence of events occurring in the pathogenesis 

of HCV infection in the swine tonsil. Kubin and Kolbl (1969), 

have been able to detect HCV in FATS stained lymph node sec

tions as early as 2 days after infection. 

Immunofluorescence observed in bone marrow aspirates 

No previously published reports of the FATST study of 

bone marrow were encountered in the literature. Sorensen et 

al. (1961) described a hypoplasia of bone marrow as being 

present in HCV infected pigs, however, immunofluorescence was 

not used in their work. Almost every cell in many of the bone 

marrow smears examined by immunofluorescence contained HCV 

antigen. This finding was always confined to animals which 

had been infected for 5 days or longer. The prevalence of 

infected cells in a typical bone marrow smear is evident in 

Figures 17 and 18. A comparison of a similar smear stained 

by conventional techniques leaves no doubt that large numbers 

of both erythroid and myelocytic precursors are infected with 
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HCV. 

The demonstration of HCV antigen In cytoplasm of bone 

marrow cells from animals Infected 24 hours previously with 

HCV-325 is Interesting in view of the findings of Pehl and 

Schulze (1958). These workers Isolated HCV from the lymphatic 

and blood vessels of pigs Infected 15 to 24 hours earlier. 

They were not able to isolate it from a variety of tissues 

including bone marrow until 48 hours after infection. If the 

animals and techniques of Pehl and Schulze (1958) were com

patible with those of this study, a span of 24 hours exists 

between the time HCV antigens were demonstrated by the PATS 

method and infectious HC virions were isolated. Work with 

various viruses, particularly the picorna viruses (Watanabe 

et al., 1962), on virion replication strongly suggests that 

viral capsld protein pools may exist prior to assembly of in

tact virions. If this were the case, our examination of bone 

marrow material by immunofluorescence may have demonstrated 

only HCV capsld protein, or the soluble antigen of HCV (Ritchl 

and Fernelius, 196?, 1968) and capsld protein or the soluble 

antigen alone. Although it is beyond the scope of this work, 

a fairly simple and practical solution seems feasible. As

piration of bone marrow from HCV infected animals and then 

division of the sample for concurrent virus Isolation and ex

amination of the bone marrow smear by FATST should resolve 

the question of whether the immunofluorescence is due to infec 

tlve virions or their antigenic components in the cells. 
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Immunofluorescent examination of tissues collected at necropsy 

Specific fluorescence was demonstrated in 19 of 20 animals. 

The absence of immunofluorescence in tissues of animal 129̂ 5 is 

consistent with hematologic findings which indicate the animal 

was recovering from HC. Animal 131̂ 5 which was infected with 

HCV-11325j as was animal 129̂ 5» also appeared to be recovering 

from HC. Mengeling and Cheville (1968) reported that in the 

first and third phases of chronic HC, produced by a mildly 

virulent HCV (HCV-331), the HCV antigen was distributed in a 

general manner in the lymphocytic and epithelial tissues. 

During their second phase of the disease they reported that 

the viral antigen was concentrated primarily in epithelial 

tissues. Aiken ̂  (1964) reported that HCV antigen from 

attenuated HC vaccine viruses was identified by the FATST in 

the tonsils only. Apparently our moderately virulent HCV-11325 

still retains the spreading and replicative characteristics of 

its more virulent relative KCV-325> as the length of time re

quired for the activities to be completed was the major differ

ence between the 2 strains. 

The affinity of the HCV for lymphocytic tissues in all 

parts of the pig's body and its destructive effect on them 

probably accounts for a part of the lymphopenia observed in 

HC. 
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Serum Enzyme Assay Procedures 

Serum alkaline phosphatase 

Two distinct patterns of change in the serum alkaline 

phosphatase levels were evident in the 4 groups of animals. 

Elevated levels were observed in pigs which became severely 

ill and died. A consistent decline in SAP was observed in 

those pigs which lived 10 days or longer. The gradual decline 

of alkaline phosphatase which normally occurs in young animals 

(Benjamin, 1961) should be kept in mind while evaluating this 

decline. The high levels of SAP in young animals are corre

lated with bone formation. Osteoblasts are thought to release 

alkaline phosphatase into the blood during bone formation 

(Benjamin, I96I). In most of the animals a small decline 

in the SAP levels prior to infection was present (Table 20). 

The change was probably due to maturation. Statistical anal

ysis of data detected significant differences between pre-

infection and postinfection means of the SAP values from all 

groups. Significant differences were present from the first 

or second day after infection until the termination of the 

experiment. 

Alkaline phosphatase is present in the intestine, kidney, 

placenta, liver cells, leukocytes and osteoblast cells of the 

bone (Lynch et al., 1969)• Alkaline phosphatase of the serum 

has at least three different isoenzyme components. Separation 

of isoenzymes, usually by electrophoresis, frequently permits 
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location of the tissue or origin of an elevated serum value 

(Lynch et â ., 1969). In this case, such a procedure would 

permit assigning an increased level of total SAP to lesions 

of one of the several tissues listed above (Benjamin, 196I). 

Marked serum alkaline phosphatase level increases which 

occurred just prior to death, or during severe phases of the 

disease, were probably due to extensive damage to several of 

the tissues containing significant amounts of alkaline phos

phatase. Mengeling and Cheville (1968) and Mengeling and 

Packer (I969), have shown that HCV is present throughout the 

body only during certain periods of chronic HC. They reported 

generalized localization of virus in tissues of HC animals 

in the early and late stages of the disease. These periods 

would coincide with the periods when SAP in our animals was 

most frequently elevated. 

The consistent decline in SAP levels in the majority of 

the animals is quite unique. The condition of hypophospha-

tasia, an inherited genetic disorder of human infants, is the 

only condition which we are aware of where very low serum alka

line phosphatase levels are present. Nutritional and other 

osteodystrophies are characterized by normal or elevated SAP 

values. 

The following hypothesis which seems consistent with the 

above facts is offered as a possible explanation. Hog cholera 

virus, by destroying or inhibiting the osteoblasts of bone, 

which are hyperactive in animals of this age, produces the 
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reduced alkaline phosphatase levels observed in infected ani

mals. Dunne (1964a) considers the interruption of bone growth 

at the epiphyseal line of the costochondral junction as a 

lesion of growing pigs, which occurs as frequently in HC in

fected pigs as any other lesion. Marked elevations of SAP 

produced by widespread, acute infections would mask the effect 

on the osteoblasts and lowered SAP levels. Conclusive proof 

of this hypothesis would require the histochemical demonstra

tion of changes in alkaline phosphatase concentration in osteo

blasts at the epiphyseal line of rapidly growing bones of young 

pigs. Concurrent SAP isoenzyme separation and characterization 

would be used to determine which SAP fraction was elevated. 

These would be conducted in conjunction with total SAP, serum 

calcium and serum phosphorus assays. Disturbances of metabo

lism of the latter 2 elements are also present according to 

Dunne (1964a) during HC. 

Serum acid phosphatase 

Statistical analyses of the data from the SAcP assays 

were no more informative than direct examination and comparison 

of the data. Pre-infection levels ranged from 0.8 to 2.2 Sigma 

units for the 20 animals. Postinfection levels varied from 

0.3 to 7.8 Sigma units. These ranges and inconsistencies fol

lowing infection make the drawing of conclusions difficult. 

The original decision to assay this serum enzyme was 

largely motivated by the publication of Cheville and Mengeling 
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(1969) concerning the pathogenesis of hog cholera. They 

described the presence of markedly increased numbers of lyso-

somes in cells containing viral antigen. Acid phosphatase 

is one of the numerous enzymes present in lysosomes. The 

acid phosphatase histochemical reaction is commonly used to 

demonstrate lysosomes. It was felt that assays of SAcP would 

reveal if the lysosomal membranes had been stabilized by HCV 

or some other phenomenon was permitting survival of the lyso

somes. Although 12 of the 20 animals reflected slightly re

duced SAcP values over the course of the disease, the reduc

tions were insufficient to warrant any definite conclusions 

relative to the report of Cheville and Mengeling (1969). 

Serum glutamic oxaloacetic transaminase 

In the pig SGOT is found in almost all tissues and con

sequently elevated levels are not organ specific. Increased 

levels are observed in a variety of pathologic states in which 

disease occurs. The results of this study indicate that SGOT 

levels serve as accurate indicators of tissue injury which 

occurs in animals infected by virulent strains of HCV. Cor

nelius et â . (1959) published SGOT levels of 2?«3 t 7.8 Sigma-

Prankel units for normal swine. In myocardial infarction of 

man the degree of elevation of the enzyme level is roughly 

proportional to the extent of the damage. Elevated SGOT levels 

have been described in swine affected by erysipelas by Dougher

ty et al. (1965) and Witzel et al. (196?); in swine influenza 



www.manaraa.com

194 

by Slesingr (1965); and In liver and muscular dystrophy by 

Orstadius et (1959)• Compagnucci (1966), and later Com-

pagnucci and Martone (1967) in Italy, and Cassidy and Seberg 

(1967) in the United States, reported elevated SGOT levels in 

serum from HCV infected pigs. Cassidy and Seberg (1967) were 

unable to demonstrate elevation of serum enzymes in animals 

infected by HCV*s of low virulence. These reports suggest 

that SGOT determinations would not be of great value in the 

differential diagnosis of HC or in pathogenesis studies of 

that disease. 

Serum lactic dehydrogenase 

Because of the universal distribution of this enzyme in 

tissues and blood cells, measurements of the total activity 

of LDH probably best serve only as an indicator of an active 

disease process present in the patient. Localization of the 

tissue source of an elevation of the total LDH is effected 

by the isoenzyme procedure mentioned previously. 

Significant differences in group means are present in 

LDH values from animals of Groups I and III (virulent) from 

the third day after infection until the eighth and ninth days 

respectively. In comparison, similar procedures applied to 

data from Groups II and IV (less virulent) revealed signifi

cant differences after Infection, only on days 14-, 16, 18 and 

23 in Group II and on the sixteenth day in Group IV. 

Such findings suggest that serum LDH provides an accurate 
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indication of the disease process in swine. However, it ap

pears that LDH in conjunction with SGOT assays would provide 

an even more sensitive indication of the active disease process 

in HC affected pigs. A comparison of Table 22 and Table 23 

reveal the remarkable resemblance in the profiles produced 

by fluctuations of the serum enzyme levels in response to HCV 

infection by the virulent strain of virus. 

Experimental Animals 

Clinical studies 

Clinical responses, in all 20 animals, to the HCV with 

which they were infected, were typical of those observed in 

previously studied cases of the disease caused by highly and 

moderately virulent HCV strains. They were not typical of 

cases of HC produced by the HCV strains of low virulence de

scribed by Sorensen ̂  (196I). In infections produced 

by HCV*s of low virulence, frequently the only evidence that 

animals have been infected is the immunity they possess when 

challenged by more virulent strains of HCV. 

Necropsy findings and histopathology studies 

The lesions, observed both grossly and microscopically 

were identical with those observed in animals experimentally 

infected with strains of HCV of similar degrees of virulence 

(Cassidy and Seberg, 1967). They also were similar to those 

described by Dunne (1964a). 
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These findings support the assumption that the animals 

experienced characteristic EC. This tends to sustain the 

validity of the results from our hematologic and immunofluores-

cent studies. 

Hog Cholera Viruses 

Isolation of viruses 

Isolation of HCV from the splenic tissue of at least 90 

percent of the infected animals, is to be expected in those 

situations where the tissue to be examined for the virus is 

removed within a few minutes to a few hours after death. In 

those cases where the tissues could not be processed for tissue 

culture inoculation immediately, the tissues were frozen at 

-20 C as soon as possible. A possible explanation for the 

lack of isolation of virus from animals 12944 and 129̂ 5 is 

present in the report by Mengeling and Packer (I969). These 

authors were unable to isolate HCV from spleens 10 days after 

inoculation of HCV of low virulence. They also were unable 

to isolate HCV from the spleens until l4 days after inoculation 

of a HCV of moderate virulence. This suggests that the high 

levels of gamma globulin which Mengeling and Cheville (I968) 

and Mengeling and Packer (1969)» described as probably inter

fering with HCV isolation may have been involved in the un

successful isolation attempts reported here. 
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Detection of viral antigen 

The detection by the FATST of HCV antigen in 19 of the 

20 animals is in close agreement with the report of Kubin and 

KGlbl (1968). These workers were able to detect HCV antigen 

with the FATST in all of the experimentally infected animals 

from which HCV was Isolated by tissue culture techniques. 
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SUMMARY 

Hematologic and Immunofluorescent methods were used to 

study the pathogenesis of HCV Infection In the hemopoietic 

organs of 9 to 11-week-old pigs. Ten animals were Infected 

with the highly virulent (HCV-325) strain of hog cholera virus 

and 10 others with a less virulent strain (HCV-11325) of virus. 

Changes produced in the animals Infected with the 2 strains 

were compared. The major difference observed was that with 

the more virulent virus less time elapsed between inoculation 

of virus and detection of the viral antigen and hematologic 

changes produced by the virus. 

A comparative study of 3 methods for determining the 

erythrocyte sedimentation rate of swine blood was conducted. 

A modification of the Westergren method was selected because 

it had high statistical precision and was the most sensitive 

to changes in the erythrocyte sedimentation rate produced in 

hog cholera. Rates for pigs 1 to 2 months old were: mean 

2.81 and standard error of 3«79 millimeters per hour; for 

3-month-old pigs the mean was 2,36 and standard error 0.15 

millimeters per hour. Infection with the more virulent hog 

cholera virus produced elevated erythrocyte sedimentation rates 

within 24" hours while the less virulent virus required 48 hours 

to produce the same change. A biphasic rate increase pattern 

followed In the animals infected by the more virulent virus 

while a consistent elevation occurred in those infected with 
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the less virulent virus. 

A consistent decline in packed cell volume, hemoglobin 

concentration and total red blood cell numbers occurred at 

approximately the same time as the erythrocyte sedimentation 

rate increased. The three red blood cell indices, mean cor

puscular volume, mean corpuscular hemoglobin concentration 

and mean corpuscular hemoglobin. Indicated the presence of 

a normocytic, normochromic anemia in the infected animals. 

A marked reduction in reticulocyte and nucleated red blood 

cell numbers occurred after infection by both strains of 

virus. These findings were all considered to reflect the in

jury to the bone marrow produced by the 2 hog cholera viruses. 

A severe drop in leukocyte numbers occurred within 2k 

hours in animals inoculated with highly virulent HCV-325, and 

within 144 hours in animals injected with the less virulent 

HCV-11325. 

Alterations in bone marrow cell morphology, due to HC, 

were not detected. Myeloid:erythroid ratios became elevated 

sporadically after infection. This was attributed to a re

duction in erythroid cells, rather than hyperplasia of myelo

cytic elements, in view of the concurrent leukopenia present 

in the peripheral blood. 

Total serum protein determinations did not disclose any 

significant changes following infection. Electrophoretograms 

derived from the same serum proteins demonstrated a moderate 

decrease in albumin and increase in total globulins. 
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Viral antigen was detected by immunofluorescence in ton

sillar tissue of pigs 24 hours after infection with HCV-325 

and 4-8 hours after inoculation of HCV-II325. Immunofluores

cence persisted in tonsils until the animals died or the ex

periment was terminated. In bone marrow material studied 

by immunofluoréscent technique the 2 viruses were detected 

at approximately the same times as they were observed in the 

tonsillar tissues. Immunofluorescence was present in selected 

tissues collected at necropsy in 19 of the 20 animals. 

Enzyme studies indicated that in hog cholera infected 

animals alkaline phosphatase levels are reduced and serum 

glutamic oxaloacetic transaminase and serum lactic dehydro

genase are increased. Acid phosphatase levels did not change 

remarkably during the course of the disease. The sensitivity 

of serum glutamic oxaloacetic transaminase and lactic dehy

drogenase levels as indicators of tissue damage due to viru

lent hog cholera virus are discussed. 

Clinical, necropsy and histopathologic studies of infected 

animals demonstrated changes characteristic of hog cholera 

caused by viruses of high and moderate virulence. Hog cholera 

virus was isolated from 18 of the 20 animals used in the study. 

These studies demonstrate that HCV inflicts extensive 

damage to the hemopoietic organs of infected swine. Both 

erythroid and myelocytic cells in the bone marrow are damaged 

and destroyed. Subsequently a progressive anemia and absolute 

neutropenia, eosinopenia and lymphopenia are present. The 
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number of animals which recover from these effects is in

versely proportional to the virulence of the infecting hog 

cholera virus. 
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