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Abstract

Calderdn N.L., T.I. Fortoul, L. H. Paasch, J. Bouda: Pathogenesis of Thrombocytopenia
in Acute Classical Swine Fever. Acta vet. Brno 1998, 67: 115-119.

Ultrastructural evaluations of bone marrow in 16 pigs experimentally infected with the classical
swine fever virus and 4 control pigs were performed, in order to determine if classical swine fever
virus causes direct damage on platelets or its precursors. A progressive degeneration of
megakaryocytes was detected starting at day 1 post infection. The degenerative process ended with
necrosis of megakaryocytes. Platelet budding did not present the expected cytoplasmic
demarcation and emerging platelets lacked the normal cytoplasmic structure. Since classical swine
fever virus particles were observed in degenerated megakaryocytes, it was concluded that
megakaryocyte damage caused by classical swine fever virus is responsible for the
thrombocytopenia detected in early stages of this disease.
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Classical swine fever (CSF) is a highly contagious viral disease in swine. It is
characterized by an extensive endothelial damage which may vary from swelling of
endothelial cells with thickening of capillary walls to fibrinoid necrosis of capillaries
(Dunne 1973; Robinson and Gran Maxie 1993; Terpstra 1991). Associated to
endothelial damage, an extensive formation of microthrombi in arterioles and capillaries is
present (Cotran 1994). The aforementioned multiple thrombosis has been discussed by
several authors (Dahle and Liess 1992; Heene etal. 1971; Hoffmann etal. 1971a) as
disseminated intravascular coagulation (DIC). Many viral diseases such as infectious canine
hepatitis, African swine fever, bluetongue, epizootic hemorrhagic disease of deer, and others
may induce DIC (Robinson and Gran Maxie 1993). It is considered that in acute CSF,
several disorders of the coagulation system are present, and that thrombocytopenia is part
of a consumptive coagulopathy (Trautwein 1988). However, in CSF, the platelet count is
often depressed and it is out of proportion to degree of the severity of coagulation
abnormalities (Caldero6n et al. 1997). This depression presumably reflects the limited
production capacity of the megakaryocyte. Thrombocytopenia, therefore, may result from
processes other than the utilization of platelets in thrombotic lesions (Bithell 1993). Itis
also important to emphasize that in acute CSF, thrombocytopenia may be detected at early
stages, before disseminated thrombosis takes place (Calderdn et al.1997). Futhermore,
CSF virus is frequently recovered from bone marrow in natural infection (Dunne 1963;
Heene etal. 1971;Hoffmann etal. 1971b). The aforementioned data suggest that platelet
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precursors in bone marrow could be affected by CSF virus causing thrombocytopenia. Early
and progressive significant reduction in platelet counts characteristic in CSF is consistent
with the findings of sequential bone marrow histological evaluations which show a
progressive degeneration of megakaryocytes (Calderdn et al. 1997). In this respect, it is
of comparative interest, that in African swine fever about 10% of megakaryocytes were
infected with African swine fever virus which was demonstrated by immunofluorescence
microscopy (Edwards 1985). On the other hand several viral infections in humans such as
varicella, hepatitis and rubeola are frequently associated with a selective insufficient
megakaryocyte pool (Bick 1988; Jobin 1995). Thus, the aim of the present study was to
determine if CSF virus destruction of megakaryocytes in the bone marrow is an important
pathogenic factor of thrombocytopenia in this disease.

Materials and Methods

The study was performed in 20 crossbred, six to eight week old pigs obtained from farms regarded as free of
classical swine fever (CSF). In every case absence of antibodies against CSF virus was verified by the
seroneutralizing test. Sixteen pigs were infected by a single intramuscular dose of 10° tissue culture infected dose
50% (TCID4), CSF virus (Ames lowa strain). The remaining 4 pigs were used as controls. Clinical sings and rectal
body temperature were recorded daily during the experiment. The procedures conducted with experimental and
control pigs were in agreement with the regulations established for animal welfare in the College of Veterinary
Medicine of the National Autonomous University of Mexico.

Ultrastructural studies

Two infected pigs were euthanatized daily during eight consecutive days, by an overdose anesthesia (Anestesal).
Immediately after euthanasia, bone marrow samples were taken from the proximal femur for histological and
electron microscopy studies. Samples were fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer, pH
7.4 (470 mosmol/L) and cut in 3 to 5 mm pieces, postfixed in 1% osmium tetroxide for two hours, dehydrated in
alcohol series and embedded in Epon 812. Semithin 90 nm thick sections were stained with 1% aqueous toluidine
blue solution and observed with the light microscope to select suitable blocks containing megacaryocytes. Thin 60
nm thick sections were contrasted with uranyl acetate and Reynold’s lead citrate. Sections were observed and
photographed in a transmission electron microscope Zeiss EM 109.

Results

The clinical signs detected in the infected pigs were fever, diarrhea, incoordination and
skin erythema.

Light microscopy observations of semithin sections revealed cell depletion and marked
megakaryocyte degeneration.

On day 1 post infection, electron microscopy observations revealed dilatation of
endoplasmic vesicles and tubules of most megakaryocytes. The transition from the
intermediate to the marginal zone was abrupt in the same cells and platelet budding did not
present the normal cytoplasmatic demarcation. Emerging platelets lacked the normal
cytoplasmic granules (Plate VIIL., Fig. 1).

In some dilated vesicles of megakaryocytes, 40 to 50 nm electron-dense, spherical
structures were detected (Plate VIIIL., Fig. 2).

On days 2 and 3 post infection dilated vesicles containing spherical electron-dense
structures were more abundant and demarcation tubules were inconspicuous. Dense and
clear granules were depleted and glycogen was more abundant in most megakaryocytes.

On days 4 to 6 post infection, megakaryocytes were reduced in number, and therefore,
difficult to find in thin sections. In the remaining megakaryocytes many spherical
electron-dense structures were observed in dilated vesicles and demarcation tubules
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remained only as ghost structures. Glycogen content was very conspicuous and was
aggregated in focal cytoplasmic areas (Plate IX., Fig. 3). Cytoplasmic megakaryocyte
demarcation was lost.

Finally on days 7 to 8 post infection megakaryocytes were necrotic.

Discussion

The clinical signs detected in the infected pigs of the present study were consistent with
those described in the literature for acute classical swine fever (CSF) (Dahle and Liess
1992; Dunne 1973; Trautwein 1988).

In a previous extensive study, it was found that in the course of experimental CSF
multiple defects of coagulation systems could be detected, and since hemorrhages and
disseminated thrombosis were simultaneously present, the authors suggested a
consumptive coagulopathy as a pathogenic mechanism of thrombocytopenia (Heene et
al. 1971). The latter probably refers only to final stages of the disease. In this regard, it is
important to consider studies conducted during the acute phase of CSF where no significant
changes were determined in the parameters of intrinsic and extrinsic coagulation pathways
(Calderdn etal. 1997).

On the other hand, in other previous work (Dunne 1963; Hoffmann 1971b) the course
of CSF has been found to be similar with early and progressive significant reduction in
platelet counts.

A study of sequential bone marrow histological evaluations in experimental CSF revealed
an early and progressive degeneration of megakaryocytes (Calderén et al. 1997). The
aforementioned findings were consistent with the light and electron microscopy
observations of the present study which demonstrate a progressive degeneration of
megakaryocytes detected as early as on the first day post infection with the electron
microscope.

A very significant finding in our present study was the observation of irregular spherical
electron-dense particles which were present from as early as the first day of infection in
cytoplasmic vesicles of megakaryocytes.

Previous studies conducted to visualize the CSF virus particle by electron microscopy,
reported the viral particles as irregular spheres with an electron-dense core surrounded by
less electron dense thin outer coat with a mean size of about 45 nm (Enzmann and
Weiland 1978; Horzinek etal. 1967; Ritchie and Fernelius 1968; Scherrer et al.
1970). Particles observed in the present study were identical with the morphology and size
of CSF viral particles previously described.

Furthermore, in electron microscopy observations of experimental CSF infection in tissue
culture cells, the viral particles were reported as present in the interior of the Golgi apparatus
and other type of cytoplasmic vesicles and vacuoles (Scherrer et al. 1970). In our study
particles were associated with dilated vesicles and tubules of megakaryocytes.

In normal megakaryocytes, the major part of the cytoplasm is characterized by the
formation of platelet demarcation membranes which develop from demarcation vesicles and
tubules. Demarcation membranes form the plasma membrane of platelet (Zucker -
Franklin 1970). In this respect, it is important to emphasize that in our study, infected
megakaryocytes exhibited a severely damaged system of endoplasmic reticulum
characterized by conspicuous dilation on the first day post infection to complete
degeneration of the tubule system on day 4 post infection. It is highly probable that the
previously described damage of the megakaryocyte is the cause of thrombocytopenia
detected in early stages of this disease.
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Patogeneze trombocytopenie pri klasickém moru prasat

Vyhodnoceni ultrastruktury kostni diené bylo provedeno u 16 prasat experimentdiné
infikovanych virem klasického moru prasat a u 4 jedinct kontrolnich. Cilem price bylo
zjistit, zda virus moru prasat zpdsobuje piimé poskozeni trombocytl nebo jejich
vyvojovych stadii. Vyrazna degenerace megakaryocytd byla zjisténa 1. den po infekci.
Degenerativni proces koncil nekrézou megakaryocytd. V nevyvinutych trombocytech
nebyla pozorovdna ocekdvand cytoplasmatickd demarkace a v nové vytvofenych
trombocytech chybéla normdlni cytoplasmaticka struktura. Na zékladé virovych partikuli
klasického moru prasat, zjiSténych v degenerovanych megakaryocytech jsme usoudili, Ze
jejich poSkozeni zpGsobené timto virem je pfi¢inou trombocytopénie zjisténé v ¢asné fazi
onemocnéni.
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Plate VIIL
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Fig. 1. Electron micrograph. Bone marrow. Infected pig, day 1 post infection. Platelet at right upper corner (P), with
poorly defined granules and cytoplasmic membrane. x 17,600.



Plate VIII.
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Fig. 2. Electron micrograph. Bone marrow. Infected pig, day 1 post infection. Dilated vesicle of cytoplasmic megakaryocyte with spherical particle

characterized by electron-dense core and lower density coat. x 81,000.



Plate IX.
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