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Hjertner, B., T. Linne and J. Moreno-Lopez: Establishment and characterisation 
of a porcine rubulavirus (LPMV) persistent infection in porcine kidney cells. Acta 
vet. scand. 1997, 38, 213-224. - Porcine rubulavirus (LPMV) can establish persistent 
infections in porcine kidney cells. Cell cultures characterised at passages 25 and 65 
demonstrated haemadsorption, formation of syncytia, and a slower growth rate. The nu
cleoprotein (NP) and haemagglutinin-neuraminidase (HN) protein were present in all 
cells, although not to the same extent as in wild type infected cells. Incubation of the cell 
cultures with virus neutralising antibodies could not cure them from the infection. The 
cells were resistant to LPMV high multiplicity superinfection, but lysed rapidly upon in
fection with VSV. These cells thus fulfilled the criteria of a true persistent infection. 
Viral particles were released into the medium from the persistently infected cells as 
measured by HA and infection of PK-15 cells with medium from the persistently in
fected cells. The infectious titer of the virus released from the persistently infected cells 
was 3 logs lower compared to wild type virus, the HN titer still being comparable. Vi
rus released from the persistently infected cells was unable to cause a lytic infection in 
PK-15 cells, and showed a reduced ability to spread when compared to a LPMV lytic in
fection. 

paramyxovirus; homolytic infection. 

Introduction 
The porcine rubulavirus LPMV (La-Piedad
Michoacan-Mexico Virus) emerged in Mexico 
around 1980, where it has since been endemic. 
Mainly piglets are affected, showing severe ner
vous system disorders. Stillbirths, mummified 
foetuses and orchitis are among symptoms that 
have been described in older pigs (Stephano et 
al. 1988). 
Identification of LPMV structural proteins re
vealed a relationship to the genus paramyxovi
rus (Sundqvist et al. 1990). Cloning and se
quencing of the matrix (M) protein gene (Berg 
et al. 1991 ), the haemagglutinin-neuraminidase 

(HN) protein gene (Sundqvist et al. 1992) and 
the phosphoprotein (P) gene (Berg et al. 1992) 
showed that LPMV is closely related to the re
cently classified rubulavirus group (Rima et al. 
1995) consisting of mumps virus (MuV), sim
ian virus 5 (SV5), parainfluenza virus type 2 
(PIV-2) and type 4 (PIV-4). The amino acid 
identity to Mu V proteins is around 40%. 
Several paramyxoviruses have the ability to es
tablish persistent infections in vitro as well as in 
vivo (Randall & Russell 1991 ). A number of 
features have been attributed to the establish
ment and maintenance of the persistent state. 
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Subgenomic RNAs, that interfere with lytic vi
rus replication and require helper virus for the 
maintenance of the persistent infection, is a 
common trait in in vitro persistence (Holland et 
al. 1980, Moscona · 1991, Murphy et al. 1990, 
Re 1991). 
LPMV cause an economically important viral 
disease in Mexico. Transmission of the disease 
to other countries is a risk and the possibility of 
persistently infected animals spreading the dis
ease must be considered. The main source of 
the disease are subclinically infected pigs (Ste
phano et al. 1988), and retrospective analyses 
of pig sera before 1980 have been positive 
against LPMV, indicating its existence in the 
pig population before the first outbreak. Factors 
mediating persistence in vivo as well as in vitro 
must therefore be identified. In this report we 
describe, for the first time, a porcine rubulavi
rus (LPMV) persistent infection under cell cul
ture conditions and its partial characterisa
tion. 

Materials and methods 
Persistently infected cells 
Persistent infection was established by infect
ing porcine kidney (PK-15) cells at a m.o.i. of 
10 Fluorescence focusing units (Ffu) with an 
LPMV (1984) isolate that had been passaged 4 
times in cell culture. After an extensive CPE the 
surviving cells (less than 5% of the monolayer) 
were subcultivated until confluent monolayers 
could be maintained. Aliquots of these cells 
were frozen (at passage 20). The cells were 
grown for another 40 passages and again ali
quots were frozen (passage 60). For further 
analysis, frozen persistently infected (Pl) cells 
were thawed and passaged 5 times (to passage 
25 and 65) before analysis. 

Cells and virus 
All cells were grown at 37 °C in Eagles modi-
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tied medium containing tricine, neomycin and 
10% foetal calf serum. Culture doubling time 
was estimated from series of time laps photo
graphs and the frequency of subcultivation. PK-
15 cells were infected with LPMV at a m.o.i. of 
10 Ffu for comparison studies with the PI cells. 
Infections of cells with virus released from the 
persistently infected cells were done at a m.o.i. 
ofO. l Ffu because of the low infectious titer ob
tained. In this case the wild type infection was 
also done at 0.1 Ffu. 

Virus titration 
LPMV and virus from the PI cells were titrated 
by infecting PK-15 cells with serial 10 fold di
lutions (repeated at least 5 times for each virus 
preparation) in 96 well plates. After 3 days, end 
point dilution was determined by immunofluo
rescence using the monoclonal antibody 29.9 
against the NP protein as described later, and 
the titers were calculated in Ffu according to 
Reed & Muench (1938). 

Monoclonal antibodies and antiserum 
Purified detergent inactivated LPMV was used 
to inject Balb/c mice, followed by isolation of 
spleen cells and hybridoma selection according 
to Orvell (1984 ). One clone (32.11) produced 
an antibody capable ofhaemagglutination inhi
bition (HI), virus neutralisation and positive 
immunofluorescence of LPMV infected cells. 
By immunoprecipitation analysis or western 
blots of LPMV viral proteins, a polypeptide 
(66kD), corresponding to the haemagglutinin
neuraminidase protein, was detected. Another 
clone (29.9) produced an antibody capable of 
positive immunofluorescence of LPMV in
fected cells and recognizing a viral polypeptide 
(68kD), identified as the nucleoprotein, by im
munoprecipitation or western blot analysis. The 
rabbit polyclonal antiserum against LPMV has 
been described elsewhere (Sundqvist et al. 
1990). 
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Haemadsorption (HAD) and haemagglutina
tion (HA) 
Cells were analysed by HA and HAD according 
to standard procedures (Dinter 1989) in 96 well 
trays using chicken erythrocytes. 

Incubation with virus neutralising antibodies 
PK-15 cells or PI cells were grown in 24 well 
trays with or without a virus neutralising anti
body (32.11) at a concentration sufficient to 
neutralise 20 fold the amount of virus released 
from the PI cells. The cells were grown for ape
riod of 5 weeks and subcultivated weekly. Half 
of the cells from each well were further incu
bated and the other half analysed for the pres
ence of haemadsorbing activity by HAD. 

Interferon production 
The amount of interferon released into the me
dium of uninfected PK-15 cells and persistently 
infected cells was determined by the dissocia
tion-enhanced lanthanide fluoroimmunoassay 
(DELFIA) described by Artursson et al. (1995). 

VSV infection 
Persistently infected (PI) cells were infected 
with Ix! 03 TCID50 of vesicular stomatitis virus 
(VSV, New Jersey). The CPE was examined in 
a light microscope at 24 h post infection. A PK-
15 cell culture infected with VSV was used as 
positive control. 

Immuno.fluorescense 
Cell cultures were grown on tissue culture 
chamber slides (Lab tek) for 2 days and then 
fixed by the paraformaldehyde method as de
scribed by Harlow & Lane 1988. Briefly, mono
layers were incubated for 10 min in a 4% para
formaldehyde solution at room temperature. 
The monolayers were then permeabilised with 
0.2% triton X-100 in PBS for 2 min at room 
temperature. The cells were incubated with 
monoclonal antibodies directed against the HN 

or NP proteins. After one hour at room temper
ature, FITC-conjugated rabbit anti mouse was 
added. After another hour at room temperature 
citifluor (UKC, CHEM. LAB.) was added, 
coverslips mounted, and the immunofluores
cence pattern analysed and photographed. 

Superinfection and reinfection 
Persistently infected cells (passage 25 and 65) 
were superinfected with LPMV at an m.o.i. of 
10 Ffu. PK-15 cells were infected with virus 
from the PI cells (passage 25 and 65) at an 
m.o.i. of 0.1 Ffu. Controls included mock in
fected PK-15 cells, LPMV infected PK-15 cells 
(m.o.i. ofO.l and 10 Ffu), and PI cells (passage 
25 and 65). Photographs were taken at 120 h 
post infection. 

Results 
Establishment of porcine rubulavirus persis
tently infected cells - growth rate and morphol
ogy 
Infection of PK-15 cells with the porcine rubu
Javirus LPMV resulted in extensive CPE and 
cell destruction (Fig. lB). However, a small 
percentage (<5%) of the infected cells survived 
and could be subcultivated. The cell culture 
stabilised rapidly and could be grown to a con
fluent monolayer. The cell culture could be sub
cultivated at least 70 passages without any cri
sis. The growth rates of Pl cell cultures at 
passages 25 and 65 were markedly reduced 
when compared to mock infected PK-15 cells. 
Under the conditions used here PK-15 cell cul
tures had a doubling time of around 20 h, 
whereas the PI cell cultures had doubling times 
of around 40 h. A limited CPE could be seen, 
mainly as syncytium formation, although no or 
very few cells were lysed (Fig. IC, D). Syncy
tium formation resembled that which is seen 
during lytic infection, was most prominent in 
newly seeded or growing cultures, and could 
only infrequently be seen in confluent cells. 
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Figure I . Morphology of LPMV wild type and persistently infected cells. Mock infected PK·15 cells (A). 
Wild type infected PK-15 cells (m.o.i. I) at 48 h p.i. (B). PI cells at passage 25 (C) or 65 (D) at 48 h after sub
cultivation. Magnification 200 x. 

Analysis by haemadsorption (HAD) 
PK-15 cells do not adsorb chicken erythrocytes. 
However, both LPMV infected cells and the Pl 
cell lines (passages 25 and 65) adsorbed red 
blood cells demonstrating the presence of viral 
haemadsorbing activity on the cell surface of the 
persistently infected cells (Fig. 2). In a typical 
wild type infection all, or almost all, cells 
showed HAD activity. The adsorption of eryth
rocytes to Pl cells shows a variation in relation 
to time after subcultivation. Early after subculti
vation all Pl cells adsorbed erythrocytes (data 
not shown), but when the culture grew closer to 
confluence only 50%-75% of the cells adsorbed. 
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Analysis of virus antigens in Pl cells by immu
nojluorescence 
Two monoclonal antibodies (29.9 and 32.11) 
specific for the LPMV NP- and HN-proteins, 
respectively, were used to demonstrate the pres
ence of viral proteins in the wild type infected 
and Pl cells at passages 25 and 65, but the stain
ing was less intense than in the wild type in
fected cells. Both NP and HN proteins can be 
found in all the PI cells of both passages. The 
distribution of the NP protein in the LPMV in
fected (Fig. 3B) and PI cells (Fig. 3C, D) is 
characterised by a dot-like fluorescence in the 
cytoplasm of the infected cells. The HN protein 
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Figure 2. Adsorption of chicken erythrocytes to LPMV wild type and persistently infected cells. Mock in
fected PK-15 cells (A). Wild type infected (m.o.i. !) PK-15 cells at 48 h p.i. (B). PI cells at passage 25 (C) and 
65 (D) 48 h after subcultivation. Magnification 100 x. 

was also detectable in cells of both wild type 
(Fig. 4B) and persistently (Fig. 4C, D) infected 
cells, although somewhat weaker than the NP 
protein. 

Superinfection of persistently infected cells 
One criterion of a truly persistently infected cell 
line is the resistance to superinfection by the 
homologous virus (Holland et al. 1980). A high 
multiplicity infection of PI cells (passages 25 
and 65) with wild type LPMY, showed no in
crease of CPE or syncytium formation (Fig. 5), 
or increase in virus release as measured by HA 
or virus titration (data not shown). The lytically 

infected PK-15 cells showed extensive CPE and 
a high yield of infectious virus. There was no 
measurable interferon production in the PI cells 
and they were as sensitive as PK-15 cells to 
VSV infection, showing complete lysis of the 
cells overnight. 

Virus released from persistently infected cells 
The amount of virus produced and released into 
the medium of lytically infected cells and from 
the Pl cells (passages 25 and 65) was assayed by 
HA and limiting dilution. Virus particles were 
slightly less abundant in supematants from PI 
cells compared to LPMV wild type infected 
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Figure 3. Detection of nucleoprotein (NP) in LPMV wild type and persistently infected cells by immunofluo
rescence. Mock infected PK-15 cells (A). Wild type infected (0.1 m.o.i.) PK-15 cells at 48 h p.i. (B). PI cells at 
passage 25 (C) and 65 (D) at 48 h after subcultivation. PK-15 cells infected with virus (0.1 m.o.i.) from PI cells 
at passage 25 (E) and 65 (F) at 48 h p.i. Cells were immunostained with the NP MAb 29.9. Magnification 400 
X. 
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Figure 4. Detection ofhaemagglutinin-neuraminidase (HN) protein in LPMV wild type and persistently in
fected cells by immunofl.uorescence. Mock infected PK-15 cells (A). Wild type infected (0.1 m.o.i.) PK-15 cells 
at 48 h p.i. (B). Pl cells at passage 25 (C) and 65 (D) at 48 h after subcultivation. Cells were immunostained with 
the HN MAb 32.11 . Magnification 400 x. 

cells measured by HA (HA titer of 8 compared 
to 64). However, the infectious titre was at least 
3 Jogs lower in virus recovered from the PI C·ells 
compared to the LPMV infected cells. The vi
rus from the PI cells (passages 25 and 65) could 
infect PK-15 cells, but showed a reduced ability 
to spread within the culture. When PK-15 cells 
were infected with 0.1 Ffu of virus released 
from PI cells or wild type virus and incubated 
for2 days, only 10%-20% of the cells were pos
itive for viral antigen compared to 100% in the 
wild type infection (Fig. 3E, F). 
The results of the characterisation of the por
cine rubulavirus (LPMV) persistently infected 
cells are summarised in Table 1. 

Discussion 
The ability ofparamyxoviruses to establish per
sistent infections is well known, and the impor
tance of such infections for the epidemiology of 
the virus has been reviewed (Randall & Russell 
1991). Persistent infections have proven rela
tively easy to establish in vitro and these infec
tions have contributed to the understanding of 
molecular events associated with the growth of 
paramyxoviruses. Various mechanism(s) be
hind the establishment and maintenance of per
sistent infections have been proposed (Schnei
der-Schaulies et al. 1994b ). 
Porcine rubulavirus infects cell lines of differ
ent species (Moreno-Lopez et al. 1986), and es-
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Table I. Properties of the porcine rubulavirus (LPMV) persistent infection in PK-1 5 cells. 

PK-15 

Growth rate• 20 h 
CPEb 
Syncytium formationc 
HAD(%) 
Viral antigens: 
NP(%) 
HN(%) 
Anti-LPMV serum treatment 
IFN-production (u/ml) 0 
VSV infectione lysis 
HA 0 
Titer (Ffu/ml) 
Superinfection nd 

nd. Not done. 
a. Estimated from series of time laps photographs. 
b. +++ complete destruction of monolayer. 

PK-15 Wild type 
IOm.o.i. 

nd 
+++ 

frequent 
- 100 

- 100 
- 100 

protected 
0.5 
nd 
64 
108 

nd 

PK-15 Pl PK-15 PI 
pass. 25 pass. 65 

40 h 40h 
+ + 

frequent frequent 
-IOOd - JOOd 

- 100 - 100 
- 100 - 100 

not cured not cured 
0 0 

lysis lysis 
8 8 

105 105 

resistant resistant 

+ few cells undergo destruction, cells grow to confluence. 
- none. 

c. Quite abundant in every viewfield, passage 65 sometimes fewer and fewer nuclei/cell. 
d. All cells adsorb early after subcultivation. Less than I 00% adsorb toward confluence. 
e. All cells underwent lysis within 24 h. 

tablishment of persistent infections appear to be 
easy in most of them (Moreno-Lopez, unpub
lished results). 
In this study, we established and characterised a 
persistent infection in porcine kidney cells. 
Less than 5% of the lytically infected cells will 
survive the primary infection and can be grown 
further as a confluent monolayer. These cells 
produce both viral antigens and virus particles. 
The initial establishment of persistently in
fe.cted cells probably involves a selection of 
both virus and cell variants. That a subpopula
tion of host cells might be selected is under
scored by the fact that different sources of PK-
15 cells show remarkable differences in their 
capability to replicate porcine rubulavirus (Mo
reno-Lopez et al. 1986). 
The PK-15 cell cultures used here had a growth 
doubling time of about 20 h. Both passages of 
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the PI cell cultures had a growth rate of about 
40 h, indicating that the presence of the virus 
exerts constraints on host cell growth or that 
cells with a slower growth rate were selected 
during the establishment of the persistent state. 
CPE was evident, mainly seen as vacuoles and 
syncytium formation, but no or very few cells 
lysed. The syncytia in persistently infected cells 
were more prominent at passage 25, character
ised by higher occurrence and more nuclei per 
syncytium. 
All PI cells in a subconfluent culture adsorb 
chicken erythrocytes. However, the ability to 
adsorb is reduced to about 50%-75% in a cul
ture about to reach confluence. Both the NP and 
the HN proteins were detected in all PI cells by 
immunoftuorescence, the pattern resembling 
lytic infection, although less intense. 
The persistently infected cell cultures were re-
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Figure 5. Superinfection of persistently infected (Pl) cells. Mock infected PK-15 cells (A). Wild type infected 
PK-15 cells (10 m.o.i.) 48 h p.i. (B). Pl cells at passage 25 (C) and 65 (0 ) at 120 h after subcultivation. LPMV 
superinfected (10 m.o.i.) PI cells of passage 25 (E) and 65 (F) at 120 h p.i. Magnification 100 x. 
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sistent to superinfection, i.e. no increase in 
CPE, syncytiurn formation or haemadsorption 
could be detected after infection with I 0 m.o.i. 
of LPMV, although they were fully susceptible 
to VSV infection. Measurements of the level of 
interferon, which has been implicated in estab
lishing persistent infections (Carrigan & Ka
baco.ff 1987, Schneider-Schaulies et al. I 994a) 
proved negative. An attempt to cure the cells by 
incubation with virus neutralising antibodies 
for 5 weeks was unsuccessful. Thus, the infec
tion fulfilled all criteria of a persistent infection 
(Holland et al. 1980), i.e. it is not a low grade 
lytic infection, where virus resides in just a por
tion of the cells and infects new ones at the 
same rate as they are produced. Such cultures 
are unstable and have a high tendency to cure 
themselves (Holland et al. 1980). 
Persistently infected cells at both passages re
leased virus into the medium, but with titers 3 
logs lower than that released during a wild type 
infection. On comparison of the haemaggluti
nation activity of the virus from the PI cells 
with that from wild type infection, the HA titers 
of PI cells were only 8 fold lower. This indicates 
that most of the virions produced during the 
persistent infection are non infectious. This 
could be explained by a presence of subge
nomic RNAs, that have the ability to interfere 
with the replication of the standard virus. Ex
periments to verify this is currently underway. 
Furthermore, the released virus might be useful 
for immunisation applications. Many attenu
ated paramyxoviruses used as vaccines have 
been shown to contain DI particles (Calain & 
Roux 1988, Bellocq et al. 1990). Preparations 
of DI particles also have prophylactic proper
ties (Jones & Holland 1980, Noble & Dimmock 
1994). 
In vivo LPMV persistent infection in pigs has 
not been investigated. Subclinically infected 
pigs are the main sources of the disease. In 
badly managed herds sometimes older pigs are 
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taken ill, showing mild nervous system disor
ders (Stephano & Gay 1985). These animals 
could theoretically be targets for persistent in
fections. If this would be the case, neurones, by 
lacking expression of MHC class I molecules, 
could provide a compartment in which host im
mune surveillance could be evaded (Joly et al. 
1991, Wharton & Nash 1993). In acutely in
fected pigs, LPMV RNA has been shown in 
neurones by in situ hybridisation (Kennedy per
sonal communication). Additionally, in experi
mentally infected pigs that recovered from an 
acute infection, LPMV RNA was detected in 
brain material by RT-PCR (Bergvall personal 
communication). Furthermore, the amount of 
detectable RNA could be increased by immu
nosuppression. The establishment of persistent 
porcine rubulavirus infected cells and the pos
sibility to experimentally induce persistent in
fection of pigs could be an interesting model 
system for paramyxovirus persistence, with 
special emphasis on mumps virus because of its 
relatedness. 
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Sammanfattning 
Etablering och karakterisering av en porcin rubula
virus persistent infektion i svinnjurcel/er. 

Porcint rubulavirus LPMV (paramyxoviridae) ger 
upphov till respiratoriska och neurologiska infek
tioner. En persistent LPMV infektion av svinnjur
celler har etablerats och karaktiiriserats efter 25 och 
65 passager, det senare efter ett Ars kontinuerlig 
odling. Alla celler ar infekterade och ej mottagliga 
f6r en LPMV lytisk infektion. Den persisterande in
fektionen g4r ej att bota genom att odla cellema i 

niirvaro av neutraliserande antikroppar. Viruspartik
lar utsondras kontinuerligt i mediet och kan p4visas 
med hemagglutination. Titrering p4 njurceller visade 
en 14g infektionstiter, 1 o-3 g4nger liigre an vid en ly
tisk infektion. Spridning av infektionen I en cellmatta 
iir starkt begriinsad jiimf6rt med en lytisk infektion, 
och cellmattan f6stors ej. Detta kan indikera 
f6rekomsten av defekta interfererande partiklar. 
Denna persisterande infektion kan anviindas f6r att 
producera defekt virus f6r immuniseringsf6rsok, 
eventuell profylax ocb studier av molekylara proces
ser under paramyxovirus infektioner. 
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