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Summary. An ultrastructural study of Kupffer cells and 
pulmonary intravascular macrophages (PIMs) of healthy 
and African Swine Fever (ASF)-infected pigs was carried 
out. A vascular perfusion method was performed in order 
to obtain an optimal intravascular morphology and 
tissue fixation. The infection developed acute ASF 
lesions in both organs. Both Kupffer cells and PIMs 
were studied at different stages of infection. The 
differences observed in both macrophagic cells from 
uninfected and infected tissues are shown and discussed. 
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lntroduction 

The origin of Kupffer cells is still controversial. Like 
other macrophages, there is good evidence that Kupffer 
cells arise from bone marrow monocytes (Lloyd and 
Triger, 1975). However, when there is a local demand in 
the mature liver, there is good evidence of local 
proliferation as well as extrahepatic recruitment 
(Bouwens et al., 1984, 1986). 

Kupffer cells are clearly in a strategic position to 
clear the portal blood strearn of bacteria and endotoxins, 
of viruses and immune complexes, and of 
thromboplastins and fibrin complexes that might appear 
in disseminated intravascular coagulation (DIC) (Wardle, 
1987). 

Pulmonary intravascular macrophages (PIMs) are 
mature mononuclear phagocytic cells that inhabit the 
pulmonary capillaries of certain mammalian species 
(Winkler, 1988). 
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Probably, they originate from undifferentiated 
monocytes, which perinatally colonize lung 
capillaries. Postnatally, proliferating monocytes 
are junctionally attached to capillary endothelium, 
and differentiate into phagocytic intravascular 
macrophages (Winkler and Cheville, 1985, 1987; 
Winkler, 1988). 

It has been established that intravascular macrophages 
are the principal sites of pulmonary retention of 
substantial numbers of blood cells, blood borne bacteria 
and particulates in pigs, calves, sheeps, goats and cats 
(Rybicka et al., 1974; Crocker et al., 1980, 1981; 
Bertram, 1986; Warner and Brain, 1986; Warner et al., 
1986). 

Clasically, the uptake of blood-borne particles has 
been shown to be carried out in the spleen, liver and 
lung. However, the lung containing PIMs seems to be 
central in this role (Crocker et al., 1980, 1981; Niehaus 
et al., 1980; Warner and Brain, 1986; Warner et al., 
1986, 1987). 

The 75 - 80 per cent of P. aurinigm is retained in 
the lung when it is inoculated intravenously into pigs 
(Dehring and Wismar, 1989). Equally, the pig's lung 
retains more blood-borne bacteria than spleen and liver 
in infections with Staphilococcus spp. (Dehring et al., 
1983). 

African Swine Fever (ASF) is a haemorrhagic disease 
of domestic pigs caused by an intracytoplasmic 
deoxyvirus at present classified as a member of the 
Iridoviridae (Almeida et al., 1967; Enjuanes et al., 
1976). The virus replicates primarilv in cells of the 
mononuclear phagoc-yte syst&m (MPS) (Maurer et al., 
1958). 

  he central pathology is the development of 
thrombocytopenia, haemorrhage and circulatory 
disturbance which results in oedema, extravasation of 
fluid, shock and death (Anderson, 1986; Anderson et al., 
1987). 

1n  the present work the morphological 
changes observed in both cells, Kupffer cells and PiMs, 
at different stages of ASF infection will be shown. 
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Materials and methods 

For this study, nine Large White X Landrace male 
pigs were used, each whith a live weight of 
approximately 20 kg at the beginning of the experiment 
and free from parasitic and infectious disease. They were 
divided into three groups, each consisting of three 
animals; two animals from each received intramuscular 
inoculations of 5 x 105 50 per cent haemadsorbing doses 
(HADSO) of the high virulent E70 isolate of the ASF 
virus (supplied by Instituto Nacional de Investigaciones 
Agrarias of Madrid); the third animal served as a control. 
Animals were sacrificed at 3, 5 and 7 days post 
inoculation (dpi) by vascular perfusion following 
induction of deep anaesthesia with azaperone and 
thiopental. 

Organs were fixed by perfusion in 2.5 per cent 
glutaraldehyde in 0.1 M phosphate buffer; samples of 
liver and lung parenchyma were embedded in araldite. 

For ultrastructure, 60 nm sections embedded in 
araldite were stained with uranyl acetate and lead citrate. 

The number of cells found in the liver and lung 
tissue of al1 9 animals was counted by the method 
previously described (Sierra et al., 1990). 

Results 

Liver 

In the control animals the Kupffer cells showed a 
large size but did not show phagosomes (Fig. 1). The 
number of these cells was 30 cells in 40 fields of 90 
pm x 90 pm (Tables 1,2). 

At 3 dpi, the Kupffer cells increased in number 
(Tables 1, 2) and cell hypertrophia was evident. 
The Kupffer cells showed many phagosomes, erytro- 
phagocytosis and in some of them haemad-sorption 
associated to cells presenting vira1 replication sites. 

Furthermore, Kupffer cell necrosis was also seen in 
many of the infected cells. Moreover, some mitosis 
were found in this group (Table 2). 

A decrease in the number of Kupffer cells was present 
at 5 dpi (Tables 1, 2), 50  per cent of which had 
morphological changes of necrosis. Although virus 
replication was constant, the mitosis rate decreased 
(Table 2). 

In the counted area, no mitosis were found at 7 dpi, 
and the number of necrotic Kupffer cells increased with 
a decrease in the total number of these cells (Fig. 2) 
(Table 2). 

At 5 and 7 dpi many hepatocytes showed virus 
replication sites as well as necrotic signs. 

Lung 

Using electron microscopy in the control animals, 
the presence of PIMs was observed, as those cells 
showing intercellular junctions with endothelial cells, 
an elongated nucleus, a tongue-like cytoplasm with 

Fig. 1. Kupffer cell in a control animal. Bar. 1 p 

poorly-developed organelles and small cytoplasmic 
projections (Fig. 3). The mean number of these 
cells observed in 40 fields of 90 x 90 pm was 32 
(Tables 1, 3). 

At 3 dpi the number of PIMs was increased, with 
128 cells in 40 fields (Tables 1, 3). These cells were 
enlarged and rounded, with scarce, short intercellular 

Table 1. Number of Kupffer cells and PlMs in 40 fields of 90 x 90 pm. 
Number of cells. 

Number of caiis , 

control 3 dpi 5 dpi 7 dpi 

kupller cellr m PlMe 
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Flg. 2. Kupífer cell showing virus replication (anow) and phagosomes. 
ASN-E70,7 dpi. Bar 1 pm 

junctions binding to endothelial cells and, sometimes, 
with large secondary lysosomes formed by sphesical or 
oval membranous structures. Four of these celIs showed 
marked peripheral margination of chromatin and a 
rounded organoid-free area in the cytoplasm containing 
viral particles at different stages of development; half of 
these PIMs with viral replication sites had necrotic 

Table 2. Changes obsewed in s(upffer cells, in 40 Relds of 90 x 90 pn'~. 

control 3 dpl 5 dpi 7 dpl 

Flg. 3. A PIM in a control animal showing intercellular junctions (anows) 
and poorty developed organelles. Bar 1 m 

changes (Table 3). 
At 5 dpi there were 120 PIMs (Tables 1, 3), that 

showed similar characteristics to those found at 3 dpi. 
Lysosomes containing structures similar to those 
previously described, and there was also phagocytosis of 
granulocytes and erythrocytes. The cells with viral 

Table 3. Changes 0 b ~ e ~ e d  in PlMs in 40 fields of 90 x 90 pn 

O o 
control 3 dpi 5 dpi 7 dpi 

I total number 

O with necroals 
í;;Xhvilh replication 
m in mitoak 
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Fig. 4. A rounded PIM with short intercellular junctions (arrowhead) 
and a viral replication site ('). Close to a necrotic cell. ASFV-E70, 5 dpi. 
Bar 1 v 

replication sites were more abundant (Fig. 4), 26 cells 
in 40 fields, and some PIMs of this group (4 cells) 
showed mitotic figures (Table 3). 

At 7 dpi 128 PIMs were present (Tables 1, 3), with 
similar characteristics to the 5 dpi PIM. Cells with viral 
replication sites were more numerous (30 cells), and 
those with mitotic figures and necrotic changes were 
also more numerous (5 and 4 cells respecitvely) 
(Table 3). 

At 7 dpi, the progressive increase of cell debris in the 
lung capillaries or included in intracytoplasmic 
phagosomes of PIMs was also very significative. 

Discusslon 

Both Kupffer cells and PIMs are the main 
representatives of the MPS in the liver and lung 
respectively (Winkler, 1989). They play severa1 
important roles in the pathophysiology of different 
systemic and local diseases (Warner et al., 1987). In 
healthy animals the quantity of these cells is similar 
(Winkler, 1989), as we have also obsewed in the present 
work, showing morphological properties of ainactivated 

macrophages» (David and Reinke, 1987). 
ASF virus replicates primarily in MPS cells 

resulting in cell necrosis (Coggins, 1974). Necrotic cell 
debris and viremia produced at early stages of infection 
is likely to be a significant stimulus for macrophages 
maturation (Bertram, 1986). After this first stimulation, 
the morphological changes observed in both Kupffer 
cells and PIMs are defined as «activation» (David and 
Reinke, 1987). However, a significative increase in 
PIMs was evident. They have a rapid rate of maturation 
when compared to other blood derived macrophages 
(Niehaus, 1989; W i e r ,  1989). 

Although both cells are susceptible to infection 
(Sierra et al., 1987, 1990), the rate of viral replication 
at early stages of infection was higher in Kupffer cells, 
being very low in PIMs. The lack of replication at 3 
dpi and the significative increase of replication after 5 
dpi in PIMs, with a low rate of cell necrosis, could 
explain a different behaviour of this macrophage 
population with respect to the virus, when compared to 
Kupffer cells or other macrophages located in lyrnphoid 
organs, where they are destroyed earlier (Pan, 1987). 

Furthermore, intracytoplasmic immunocomplexes 
have been found in PIMs but not in Kupffer cells after 
5 dpi (data not published). Those immunocomplexes 
may induce a continuing stimulation for PIM mitosis, 
maturation and phagocytosis, as was observed at 5 and 7 
dpi. However, the early and rapid decrease of Kupffer 
cells, probably due to a higher cell susceptibility to be 
destroyed by high virulent viruses, opened up the 
possibility for this virus to cause damage to the 
hepatocyte (David and Reinke, 1987). This hepatic cell 
necrosis associated to virus replication was previously 
obsewed (Sierra et al., 1987) and would participate in 
the high virus titres that are normally found in infected 
livers (Hess, 1971), causing severe hepatic impairments. 
Although a specific receptor, described in Vero cells and 
swine macrophages, seems to be necessary to cause a 
productive infection (Alcami et al., 1989, 1990), this 
has not been investigated in non-macrophagic cells, like 
hepatocytes. 

In the lung, the increase in PIMs number and 
cell size which occurs in this disease as under other 
pathological conditions may induce venoconstriction and 
pulmonary hypertension (Winkler, 1989). Furthermore, 
the involvement of PIMs in lung injury seems to be 
evident because they secrete vasoactive and inflamatory 
agents that mediate many circulatory mechanisms 
(Bertram et al., 1989). Therefore, it is well-known that 
the principal lesions in acute ASF are haemorhage and 
circulatory disturbance, characterized by an acute alveolar 
oedema in the lung (Pan, 1987), where PIMs in 
response to phagocytosis would secrete arachidonic acid 
metabolites that would ~ar t ic i~ate  in vascular iniurv and 
pulmonary hypertensi& with oedema ( ~ e r t r a h  ét al., 
1989). 

  he cytological changes in Kupffer cells and PIMs 
infected with ASF virus were similar, but the general 
behaviour of both cell populations in each organ was 
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not. So, the MPS cell in the liver is soon destroyed, 
allowing parenchymal damage and liver function 
impairment. However the MPS cell in the lung suffers 
a marked hyperplasia and hypertrophia, being infected 
later in the course of infection and destroyed at a minor 
rate, when compared to other macrophages. These cells 
also showed a marked hypertrophia with a great amount 
of intractyoplasmic phagocytic material in phagosomes 
(Sierra et al., 1990), which could be related to the 
capacity of these cells to produce and secrete active 
inflammatory mediators (Bertram et al., 1989), these 
probably being involved in acute ASF lung lesions. 
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