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Summary. The persistence of African swine fever virus (ASFV) on Vero cells 
was induced by using 5-iodo-2'-deoxyuridine (IDU). After the persistence was 
established, several cycles of decreasing virus production were observed with 
intervals in which no virus could be detected. These latency-like periods could 
last from 15 to 25 days. After three and a half months the cells appeared to 
be "cured" and no virus was detected during almost three years. These "cured" 
cells (Vero-L) were more resistant to superinfection with the wild type virus, 
and when infected they always established persistence without drug addition 
characterized by a continuous virus production. The persistent virus isolated 
at passage 23rd from ASFV persistently infected Vero-L cells was different 
from wild type in a) the morphology of the plaques, b) its ability to replicate 
in Vero-L cells, and c) greater resistance to be inhibited by IDU in normal Vero 
cells (Vero-N). 

These results suggest that both, Vero cells and ASFV have changed during 
persistent infection. 

Introduction 

African swine fever is an important animal viral disease which has produced 
important economical losses. Its causal agent, African swine fever virus (ASFV), 
is a double-stranded DNA virus of icosahedral morphology which replicates 
in the cytoplasm of infected cells. In its early stages of appearance in the Iberian 
Peninsula, African swine fever caused 100% mortality and it has now become 
a rather mild but chronic or even inapparent disease [7]. Chronic infection 
appears in nature [4, 7] and virus can be isolated for long periods of time from 
blood and organs of infected animals. These persistently infected animals carry 
and can spread the disease. 

Establishment of the persistence of ASFV on Vero cells in the presence of 
10mM NH4C1 has already been described [14]. We report here two types of 
persistency, one induced by using IDU and another one by superinfection of 



162 Carmen Gil-Fernfindez and Dolores Garcia-Villal6n 

"cu red"  cells f rom persistent infection. It is interesting to s tudy the persistence 

and possible latency of  virus in Vero cells as these results might  suggest what  

m a y  be expected to occur in nature.  

Materials and methods 

Cells and virus 

Vero cells (African green monkey kidney cells) were purchased from Flow Laboratories 
Inc. (Cultek), Madrid, and tested for the absence of mycoplasms. 

The cells were grown in Eagle's minimal essential medium modified by Dulbecco with 
0.85 g/1. NaHCO 3 supplemented with 10% newborn calf-serum, 100 U/ml penicillin and 
100 ~tg/ml streptomycin. Maintenance medium was the same but the serum was reduced 
to 2%. 

African swine fever virus (ASFV) adapted to grow in Vero cells has been described 
previously [6]. The virus was maintained in our laboratory by passages in Vero cells. Virus 
used in this study was from the 12th passage. 5-iodo-2'-deoxyuridine (IDU) was purchased 
from Sigma Chemical Company, U.S.A. 

Establishment of A SFV persistency and a "latency-like" phenomenon using ID U 

Monolayers of Vero cells were propagated on the surface of tissue cultures flasks. African 
swine fever virus was inoculated at a m.o.i, of 0.1. After one and a half hours the unadsorbed 
virus was removed by washing the monolayer, and medium with 2% newborn calf serum 
supplemented with 10 ~tg/ml of IDU was added. Cells without drug addition were used as 
control. Medium was changed every day for new medium with drug addition. After seven 
days the medium was removed, cells were washed with phosphate buffered saline (PBS) 
and a drug free medium was added. Cycles of virus production were followed with periods 
in which a latency-like phenomenon was observed. 

Finally these cells were "cured"; they have been maintained for three years and in all 
this time it has not been possible to isolate any virus. We called these cells Vero-L (for 
latency) to differentiate them from Vero-N (for normal). 

Establishment of persistence of ASFV after superinfection of Vero-L cells 

Vero-L cells from the 110th passage were superinfected at a m.o.i, of 1. After one and a 
half hours of adsorption period the inoculum was removed, monolayers washed with PBS 
and media with 2% new born calf serum added. At the same time Vero-N cells were infected 
with the same seed of virus. After three days Vero-N were completely destroyed and Vero- 
L developed a persistent infection, which could be maintained by successive changes of 
medium. 

Virus yield was titrated by plaque formation on m0nolayers of Vero cells growing in 
24 wells tissue culture plates. Plaques were visualized seven days after infection, by removing 
the overlay--0.9% agar plus the same amount of double strength Eagle's minimal essential 
medium modified by Dulbecco, with 4% new-born calf serum--and staining with crystal 
violet, 1% in ethanol. For titration purposes four wells were used for each dilution. 

Results 

Establishment o f  ASFVpersistency and a latency-like phenomenon 

Establ ishment  o f  ASFV persistency was obtained by using IDU.  Monolayers  
of  Vero cells were infected with ASFV as described in Materials  and  methods.  
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After the adsorption period medium was added with different amounts of IDU 
(100, 50, and 10 gg/ml). The medium was changed every day and new medium 
with the compound was added. After seven days the cells were washed and 
changed to a drug free medium. 

The persistently infected cell line used in this study was established by 
infecting Veto cells with ASFV growing in tissue culture flasks (six flasks were 
used, one used as control of virus) and treatment of the cells after the adsorption 
period with IDU at 10 gg/ml. In the cultures kept in the presence of IDU the 
cytopathic effect (CPE) was reduced in comparison with the control without 
drug, which showed extensive CPE and eventually destruction of the whole 
monolayer four days after infection. In the cultures with drug about 30% of 
the cells remained attached to the surface; they looked healthy but eventually 
these cells produced virus, rounded up and came off the surface of the flask. 

These persistent productive cultures were maintained for several passages 
done generally at weekly intervals. After three to seven passages (depending 
on different flasks) the cells looked healthy and no virus could be detected by 
titration of the intracellular and extracellular virus by plaque formation. In 
Fig. 1 the virus yield of one of the flasks is shown throughout 120 passages. 
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Fig. 1. Establishment of persistence of ASFV in Vero-N cells by using IDU. Monolayers 
of Vero cells were infected with 0.t m.o.i, of ASFV. After the adsorption period medium 
with 10 gg/ml of IDU was added. The medium was changed every day for a new medium 
with the drug incorporated. After seven days the drug was removed and after washing the 
cells, drug free medium was added. Virus titres during the persistence is shown in the figure. 
Note three cycles with decreasing virus production, with intervals lasting from one week 

to twenty five days during which no virus could be detected 
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Different cycles of virus growth with cytopathic effects were produced with 
intervals, in which virus could not be detected. This interval, in which no virus 
is detectable, depends on the different cultures, tending to last from fifteen to 
sixty days. During this period the virus remaining in the cultures was as in a 
latent-like state, in which spontaneous reappearance of the virus suddenly hap- 
pened as foci of plaques of rounded cells harbouring virus that remained adhered 
to the surface and spread the virus slowly by contact from cell to cell. 

After fifteen to twenty passages (three to four months), depending on the 
different cultures, the cells were "cured", no cytopathic effect due to virus was 
observed and no virus could be isolated by sonication of the cells and infection 
of Veto cell monolayers. These cells we have called Vero-L (for latency), because 
spontaneous reappearance of virus was demonstrated among the twenty first 
passages. The Vero-L cells have been maintained for three years. We cannot 
induce reactivation of virus at passages number eight and nine either by shifting 
to lower temperature and then increasing the temperature to 37 °C, by frequent 
trypsinizations or by reducing the amount of serum in the medium. The reac- 
tivation of the virus has been always spontaneous and does not happen at the 
same time in parallel cultures. The interval in which the ASFV was maintained 
in a repressed or undetectable form varied among the different cultures. 

Study of the resistance of Vero-L cells against infection by wild type virus 
We tested the response of the Vero-L cells to ASFV infection at different 
passages. Monolayers of Vero-L cells and Vero-N (for normal) were infected 
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Fig. 2. Growth of Vero-L and Vero-N cells. Twenty four well tissue culture plates were 
seeded with 25,000 cells per well. Every twenty four hours, four wells were trypsinized and 

cells were counted. • Vero-N O Vero-L 
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with ASFV at 0.1 m.o.i, and virus yield was titrated at seventy two hours after 
infection. Titrations revealed that Vero-L cells were more resistant to infection, 
by wild type virus. The resistance after the twenty passages was 1,000 times 
higher, after fifty passages it was reduced to 100 times and after more than 100 
passages the resistance dropped to 1 0 -  100 times. 

The growth characteristics of  Vero-L cells at the 110th passage is shown in 
Fig. 2. In comparison with Vero-N cells, a slight difference in the growth curve 
was observed. 

Establishment of persistence of ASFV after superinfection of Vero-L cells 

Since the Vero-L cells were obtained after "curing" the cells from ASFV in- 
fection it was important to determine whether persistent infection could be 
established after the infection with wild type virus. Six flasks with monolayers 
of  Vero-L cells were inoculated with wild type virus at a m.o.i, of  1.0, and at 
the same time Vero-N cells were infected with the same seed of virus. After 
three days Vero-N cells were completely lysed and Vero-L cells established a 
persistent infection. The cells continued to produce virus forever. One of these 
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Fig. 3. Establishment of  persistence of  ASFV in Vero-L cells after superinfection. Vero-L 
cells (110th passages after first infection with ASFV) were superinfected at a m.o.i, of  1.0 
After one and a half hours adsorption period the inoculum was removed and medium with 
2% new-born calf serum was added. At the same time Vero-N cells were infected with the 
same seed of virus. After three days Vero-N cells were completely lysed and Vero-L cells 
developed a persistent infection which was followed during one month without trypsini- 
zation, with change of  medium and virus titration by plaque formation every two days. 

Virus yields are shown in the figure 
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infections is shown in Fig. 3. The culture was maintained by changing the 
medium every two days. This medium plus dead cells was titrated after soni- 
cation and centrifugation to remove cellular debris. In these persistent cultures 
producing virus the dead cells come off the surface and it is always possible to 
detect cells floating in the medium. This differentiates these persistent cultures 
from the ones first described, in which during the periods in which a latency- 
like phenomenon was present the virus appear as foci of infected cells, which 
remain attached to the plastic surface. 

The rate of cell replication and cell destruction in the persistent cultures was 
about the same and the cultures could be maintained equally by successive 
changes of medium either with or without trypsinization. 

Persistent infections were readily established in Vero-L cells following in- 
fection any time they were infected. 

Infection of Vero-L and Vero-N cells with wild type and persistent virus 

It was also interesting to compare the resistance of the Vero-L and Vero-N 
cells against infection by ASFV both with the wild type and with the persistent 
virus. At the same time the effect of IDU at different concentrations was assayed 
in order to see whether both viruses were equally inhibited by the drug, mono- 
layers of Vero-N and Vero-L cells from the 110th passage growing in 24 wells 
tissue culture plates were infected with wild type virus and persistent ASFV 
isolated from the 23rd passage of superinfected Vero-L cells. In Table 1 the 
results of the titrations are shown. (i) Vero-L cells are more resistant to infection 
by both wild type and persistent virus. (ii) The yield of both types of virus is 
equal in Vero-N cells, while wild type virus is more inhibited than persistent 
virus in Vero-L cells. (iii) The persistent virus proceeding from the 23rd passage 

Fig. 4. Different sizes of plaques formed in Vero-N cells by the wild type virus (upper row 
wells) and the persistent type isolated after twenty three persistence passages (lower row 

wells) 
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Table 1. Replication of ASF virus (wild type and persistent virus) in Vero-N and Vero-L 
cells treated with IDU after infection 

Drug (gg/ml) Vero-N Vero-L 

wild type ASFV persistent ASFV 
Virus titre Virus titre 

wild type ASFV persistent ASFV 
Virus titre Virus fitre 

100 5.0 x 10 t 2.0 x 103 2.2 x 101 2.5 x 102 
50 7.5 x 10 t 3.3 X 10 3 5.0 X 101 2.2 x 10 3 

25 1.0 x 102 4.8 x 104 1.2 X 10 2 2.2 x 10 3 

10 2.3 x 10 3 5.6 X 104 1.0 X 102 3.2 X 104 
5 3.1 x 10 4 2.6x 105 1.5x 10 3 3.4x l 0  4 

0 2.0 x 107 2.1 X 10 7 2.2 x 105 2.8 x 106 

Monolayers of Vero-N and Vero-L cells were infected with wild type virus and persistent 
ASFV. After one and a half hours adsorption period the unadsorbed virus was washed 
away and medium with 100, 50, 25, 10, and 5 gg/ml of IDU was added. At the same time 
a control without drug addition was done. When the control (cells infected without drug) 
was completely destroyed all the cultures were removed with a rubber policeman, four 
wells for each drug concentration, the cells were sonicated and virus production was titrated 
by plaque formation 

in Vero-L cells is more resistant against inhibition by I D U  and the morphology 
of the plaques in Vero cells is different from that produced by the wild type 
virus (Fig. 4). 

Discussion 

The capacity of  various different viruses to produce persistent infections has 
been the subject of  several reviews [8, 16]. Also, persistent infections have served 
as models for the study of  compounds with presumed antiviral activity [15]. 
The establishment of the persistence of  ASFV in Vero cells treated with 10 mM 
N H  4 has been described elsewere [14]. Here we describe two types of  persistence, 
namely, (a) one induced by the treatment of  Vero cells infected by ASFV with 
10 ~tg/ml of  I D U  and (b) one obtained by superinfecting with ASFV (at a m.o.i. 
which would be lytic for normal  cells) the Vero-L cells apparently "cured",  
without  resorting to drug treatment. 

The first type of  persistence was characterized by various cycles of decreasing 
viral replication, alternating with periods in which no virus could be detected. 
During these "latency-like" periods the cells could last for fifteen to sixty days 
without showing any cytopathic effects. Infectious virus was always found 
whenever spontaneous cytopathic effects reappeared. Finally, after fourteen 
passages (three and a half months) the cultures did not produce any detectable 
virus. A similar case has been described with the West Nile virus [3]. The second 
type of persistence was characterized by uninterrupted virus production, as in 
a similar case described by Salas and Vifiuela [14] for the same virus. 
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The first type of persistence enables us to study whether this is due to the 
fact that the cells are more resistant to infection than the normal cells, while 
we have used the second type to isolate persistent virus and then investigate 
whether it has undergone any modification. We have observed that the cells 
are indeed more resistant to the superinfection by a factor of 1,000 to 10, 
depending on the number of passages. Cells more resistant to infection have 
been described in the cases of persistence of Reovirus [1] and foot-and-mouth 
disease virus [5]. We have found that the persistent virus forms plaques of 
smaller size a fact also observed with vaccinia virus [11] and also that it is more 
resistant to inhibition by IDU. A stronger resistance of persistent mumps virus 
to inhibition by ribavirin, as compared with the virus in the acute phase of 
infection, has been described elsewere [9], while the opposite has been found 
for the foot-and-mouth disease virus [5]. This could be explained by assuming 
a different mode of action of the drug depending on the virus. Another possible 
explanation could be the appearance of drug resistant virus mutants. 

It would be important to know why it is impossible to detect infective virus 
during latency-like periods by means of infective plaque formation in Vero cells. 
A possible explanation could be that the amount of virus present is too small 
to be detected by the technique here employed, but it is also possible that the 
virus produced may be defective and fails to produce plaques, as has been 
described for another virus [3]. Work is currently in progress in our laboratory 
to look for viral DNA in Vero-L cells by means of hybridization with specific 
DNA probes. With this technique Rock and Fraser [12] have shown that latent 
HSV-1 DNA was present at a level of 0.15 to 0.015 genome copies per cell. 

We have found two different forms of persistence of ASFV in Vero cell 
cultures, with changes in the cells and virus. It is tempting to extrapolate these 
"in vitro" studies to studies "in vivo". Although they are different models, 
there are significant similarities. Persistence of ASFV in animals has been de- 
scribed, as well as changes in virulence [7]. It has also been observed that swines 
which have survived infection with attenuated ASFV, show resistance to both 
homologous and some heterologous virus [13]. It would be interesting to see 
whether it is also possible for this virus to be present in a latent form in some 
tissues or organs of animals apparently cured after infection, and also to see 
whether these animals, when superinfected, develop a persistence like that found 
here with tissue cultures. 

Future studies of the possible presence of genomes of ASFV in Vero-L cells 
and the characterization of persistent virus will serve as models for a better 
understanding of the persistence of this virus "in vitro" and this may suggest 
what could happen "in vivo". 
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