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1. INTRODUCTION 

Porcine reproductive and respiratory syndrome (PRRS) is an infectious 
disease of swine that causes abortion and respiratory disorders, leading to 
important economic losses (Rossow, 1998). The PRRS virus (PRRSV) was 
first isolated in 1991 in the Netherlands (Wensvoort et al., 1991) and is a 
member of the Arteriviridae family, that was recently incorporated in the 
order Nidovirales (Cavanagh, 1997). Serological and genomic studies have 
revealed major strain differences among isolates, most markedly between 
those from the USA and Europe (Wensvoort et al., 1992; Bautista et al., 
1993; Murtaugh, 1995). 

PRRSV demonstrates a high tropism for cells of the 
monocyte/macrophage lineage, both in vitro and in vivo (Rossow et aI., 
1996; Duan et al., 1997). Nevertheless, besides primary cultures of porcine 
alveolar macrophages (PAM), MARC-145 cells, a subclone of monkey 
kidney MA-I04 cells, also support PRRSV replication (Wensvoort et al., 
1991; Kim et al., 1993). 

A putative receptor for PRRSV has been identified as a 210 kDa protein 
on alveolar macrophages using monoclonal antibodies (Duan et al., 1998). 
However, these antibodies were not able to prevent completely the binding 
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of the virus to the PAM. This observation is indicative for the existence of a 
co-receptor. The 210 kDa protein was not detected on MARC-145 cells. 
Jusa et al. (1997) demonstrated that addition of heparin to two Japanese 
strains (EDRD-1 and 5-53) ofPRRS virus induced an important reduction in 
the number of plaques formed upon inoculation of MARC-145 cells. In 
addition, pre-treatment of MARC-145 cells with heparinase I reduced the 
infectivity of these strains. These data indicate that a heparin-like molecule 
present on the surface of MARC-145 cells is involved in the viral entry 
process. 

In this study, we analyzed the effects of heparin and heparinase I on the 
entry of PRRSV into its main in vivo target cell, the porcine alveolar 
macrophage. 

2. MATERIAL AND METHODS 

2.1 Viruses and cells 

PAM were obtained from 4- to 6-week-old conventional Belgian 
Landrace pigs from a PRRSV -negative herd according to the method 
previously described by Wensvoort et al. (1991). The European prototype 
Lelystad strain (LV) was kindly provided by G. Wensvoort, the 94V360 was 
isolated from the lungs of a pig with respiratory problems in Belgium, and 
the American isolates US-S, US-ll, and US-IS were isolated from 
outbreaks of reproductive disorders in Iowa. All the PRRSV isolates used in 
this study were adapted to MARC-145 cells (4 passages for 94V360 and 
LV, 3 passages for US-5, 1 passage for US-ll and US-15). The 
Pseudorabies virus Kaplan strain (PRV) and the PRY gC-deleted (PRVgG) 
mutant were kindly provided by T. Mettenleiter (lnsel Riems, Germany). 

2.2 Incubation of viruses or cells with heparin 

Viruses were incubated with 0, 50, or 500 Units/ml heparin (Sigma) for 
1h at 37°C before inoculation on PAM (MOIl or 0.1). One hour after virus 
adsorption, cells were washed to remove heparin, fresh medium was added 
to the cells which were incubated for 9h at 37°C. In another experiment, 
PAM were incubated for 1h at 37°C with 0, 50, or 500 Units/ml heparin, 
washed and inoculated for 1h with viruses. Fresh medium was added and 
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cells were incubated for 9h at 37°C. Cells were fixed and infected cells, 
stained by immunocytochemistry, were counted. 

2.3 Treatment of cells with heparinase I 

Cells were incubated for 1h at 37°C with 2 different concentrations of 
heparinase I (Sigma), and were washed before being inoculated with the 
viruses and treated as above. 

3. RESULTS 

3.1 Effect of heparin on the entry of PRRSV into PAM 

The effect of the addition of heparin to PRRSV during adsorption on 
PAM was studied, and wild-type as well as gC deleted PRY strains were 
used respectively as positive (heparin sensitive; Mettenleiter et ai., 1990) 
and negative (heparin resistant; Mettenleiter et ai., 1990) controls. PAM are 
highly permissive to PRY infection (Iglesias et aI., 1989). After treatment 
with 50U/ml or 500U/ml heparin, the number of PRRSV infected cells was 
decreased respectively by 21±3% (mean of triplicates ± standard deviation) 
and 24±4% with LV, 15±7% and 37±12% with 94V360, 31±6% and 61±7% 
with US-5, 30±10% and 51±3% with US-ll, 28±9% and 41±9% with US-
15. 

These results were all significantly different from the values obtained 
without heparin (P<0,05) except for strains 94V360, US-ll and US-15 at 
50U/ml heparin. Infection with PRY was already reduced by 79±6% at 
50U/ml of heparin (P<O,O l) whereas no significant reduction of infection 
was observed with PRY gC (Figure 1). These results indicate that infection 
of PAM with PRRSV can be reduced with heparin. Statistical analysis of 
additional data indicates that a significant difference (P<0,05) is obtained 
when the mean percentages of reduction of infection are compared pairwise 
between the American US-5 strain and the two European strains used in this 
study. These results show that the sensitivity to heparin treatment is variable 
from strain to strain and is less important than with PRV. 

When PAM were pre-incubated with heparin, washed and subsequently 
inoculated with virus, no significant effect of heparin was observed with any 
of the PRRSV strains tested nor with PRY gC (Figure 2). Thus, in order to 
be effective, heparin must be present in the culture medium during the viral 
adsorption period. 
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Figure J. Effect of addition of heparin during virus adsorption on PAM. Infected cells were 
detected by immunocytochemistry and counted IOh post infection. The reduction of infection 
is expressed as a percentage of the average number of infected cells obtained in the absence 
of heparin. 

3.2 Effect of beparinase treatment of PAM on PRRSV 
entry 

PAM were treated with different concentrations of heparinase I prior to 
infection with PRRSV. Treatment with 1 U/ml of heparinase resulted in a 
significant reduction in the number of infected cells only with US-So 
Treatment with 3U/ml of heparinase resulted in a significant reduction with 
the three PRRSV strains tested (Figure 3). The reduction observed with LV 
(19±2%, P<O,OS) and 94V360 (37±4%, P<O,OS) was less pronounced than 
with US-S (61±7%, P<O,Ol). No significant effect was detected with PRY 
gC. 
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Figure 2. Effect of pre-incubation of PAM with heparin before virus adsorption. Infected 
cells were detected by immunocytochemistry and counted lOh post infection. The reduction 
of infection is expressed as a percentage of the average number of infected cells obtained in 
the absence of heparin. 

4. DISCUSSION 

Our results indicate that heparin-like molecules are also playing a role in 
the entry of PRRSV into alveolar macrophages. However, the effect was 
less pronounced that observed by Jusa et at. (1997) with MARC-145 cells, 
where addition of 50U/ml of heparin induced a 93% reduction in the number 
of PRRSV plaques. These differences could be due to (1) the viral strain, (2) 
the cell type, and/or (3) the experimental conditions used: 

(I) Our results show that the effect of heparin on PRRSV binding in 
PAM is strain-dependent, with the American strain US-5 being significantly 
more sensitive to heparin than the two European strains tested. Also, the 
strains (EDRD-l and 5-53) shown to be sensitive to heparin (Jusa et al. 
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Figure 3. Effect of heparinase treatment of PAM before virus adsorption. Infected cells were 
detected by immunocytochemistry and counted lOh post infection. The reduction of infection 
is expressed as a percentage of the average number of infected cells obtained in the absence 
of heparinase. 

1997) were Japanese isolates, which are more serologically and genetically 
related to American type than to European type PRRSV (Murakami et al., 
1994; Saito et al., 1996). Altogether, these results suggest that American 
isolates are more sensitive than European isolates to heparin inhibition, 
which may reflect amino acid differences in the viral protein domain( s) 
involved in the attachment/entry process. 

(2) Whereas no significant reduction of infection was observed at 
50U/ml heparin with the Belgian strain 94V360 on PAM (Figure 1), 
preliminary results indicate a significant reduction of infection (60± 18% 
with P <0,01) on MARC-145 cells using the same isolate and heparin 
concentration. This additional result indicates that, for a given PRRSV 
strain, infection of MARC-145 cells is more sensitive to heparin inhibition 
than infection of PAM and suggests that a heparin-like molecule on MARC-
145 cells plays a more preponderant role in the entry process than an 
equivalent molecule on PAM. 

(3) Although our experimental conditions differed from Jusa et aI., 1997 
(infected cells were counted after a single round of virus replication in our 
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study), we obtained the same results with the control PRY strain, suggesting 
that our experimental conditions may not account for the observed 
differences in heparin sensitivity. 
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