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PREFACE 

This seminar referred to latent herpes virus infections in 

veterinary medicine, with emphasis on the domestic animals. The 

phenomenon of latency is of particular importance in veterinary 

medicine because it can jeopardize the successful control and 

eradication of diseases such as Aujeszky's disease and 

infectious bovine rhinotracheitis, diseases which are often the 

cause of great economic losses. 

For this reason, the Commission of the European 

Communities (CEC) realized the importance of summarizing the 

present state of knowledge on latent herpes virus infections in 

veterinary medicine. A seminar was therefore organized by the 

Federal Research Institute for Animal Virus Diseases in 

Ttibingen, Federal Republic of Germany, from September 21 to 23, 

1982, as a part of the 'Animal Pathology Programme' of the CEC. 

The seminar was attended by 50 participants not only from the 

countries of the CEC, and 38 papers were selected for 

presentation. 

In veterinary medicine, more intensive investigations on 

the latency of animal herpes viruses have only relatively 

recently been initiated. In contrast, great efforts have been 

made for many years to elucidate latency in human and primate 

herpes viruses, and consequently the most considerable advances 

have been made in this field. Some of the most experienced 

scientists working on both systems were therefore invited. As a 

result, this seminar was the first occasion on which scientists 

from different countries and faculties investigating herpes 

virus latency had the opportunity to present and exchange their 

latest results. The. establishment, maintenance, and 

reactivation of latency were discussed including considerations 

of the virology, pathology, pathogenesis, immunology and 

molecular biology of the diseases. Comparisons could be made 

between the results obtained with herpes viruses which are 

usually not investigated in their natural host, e.g. herpes 

simplex virus, and herpes viruses which allow experiments in 

their natural host. In this respect, veterinary medicine has 
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the edge on human medicine. The seminar comprehensively 

reflected the present state of research on herpes virus latency 

and revealed some future trends and perspectives. 

We would like express our appreciation of all the 

participants who contributed to the success of the seminar. In 

addition we would thank to the chairmen and co-chairmen for 

their help and for formulating the summary of each session. We 

are especially indebted to Mrs. Loraine E. Goddard for helping 

to improve the English in a part of the papers, and Mrs. 

Marie-Luise Donner and Mrs. Christel Roming for their great 

efforts in typing the "Proceedings". We also thank the CEC for 

financing the seminar from its budget for the Coordination of Agri­

cultural Research. 
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ABSTRACT 
The neurovirulence and latency of herpes simplex virus 

type 1 (HSV-l) was investigated using three virus strains 
originally isolated on the basis of p*aque morpholgy. These 
included a large plaque strain (LP(TK )) with a high level of 
thymidine kinase (TK) activity, a small ~laque strain (SP(TK )) 
with 25% of the TK activity of the LP(TK ) strain was highly 
virulent in mice, and after inoculation into the eyes invaded 
the trigeminal ganglia and then migrated to, a¥d replicated in, 
the brain, killing most of the mice. The SP(TK ) strain also 
replicated in the eyes, invaded the trigeminal ganglia and 
established latency, but did not reach the brain or kill the 
mice. The LP(TK-) strain (with no TK activity) replicated in 
the inoculated eyes but did not invade the trigeminal ganglia, 
and therefore was unable to establish l$tency in mice. 
Increasing the virus doses of the SP(TK ) strain tenfold, and 
therefore the amount of TK expression, enhanced virus 
pathogenicity. Thus the degree of virulence of HSV-1 is 
dependent on the level of expression+of the viral TK gene. 
Infection with the LP(TK ) and SP(TK t strains protected the 
mice against infection with the LP(TK ) virulent virus strain. 

INTRODUCTION 

Studies on the mechanism of herpes simplex virus (HSV) 

infections in animals have indicated that the virus requires 

the activity of the thymidine kinase (TK) gene for infection of 

nerve tissue (Marcialies et al., 1975; Field and Wildy, 1978; 

Field and Darby, 1980; Tenser et al., 1979; Tenser and Dunstan, 

1979; Tenser et al., 1981; Price, 1979; Price and Schmitz, 

1979; Price and Kahn, 1981; Kleine et al., 1981). These 

studies, summarized in Table 1, showed that an iododeoxyuridine 

(IUdR)-resistant mutant of HSV type 1 (HSV-1) lost its 

virulence for rabbits when inoculated into the eye, and 
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protected the animals against challenge by the virulent wild 

type (wt) virus strain (Marcialis et al., 1975). By means of 

injection of HSV-1 into the left pinna of mice (Field and 

Wildy, 1978), it was shown that TK mutants of HSV-1 and HSV-2, 

selected by bromodeoxyuridine (BUdR), were less virulent than 

the parental TK+ virus strains and immunized mice against 

challenge by a lethal dose of the parent strain. Not only TK 

mutants of HSV-1, but also a mutant producing a low level of 

TK, were able to cultiply in the nervous system (Field and 

Darby, 1980). It was also reported that TK mutants of HSV-1 

resembled TK+ parental strains in their ability to cause 

infections in the eyes of guinea pigs or mice, but were unable 

to infect the trigeminal ganglion (Tenser et al., 1979; Tenser 

and Dunstan, 1979). 

In a detailed study, it was reported (Tenser et al., 1981) 
- + + that TK , TK- and TK HSV-1 strains replicated in ocular 

tissue, but the TK- mutants were rarely isolated from the 

trigeminal ganglia. A relationship was found between the virus 

titre in the trigeminal ganglia and the ability of the virus to 

produce TK (Table 1). 

In studies on the behavior of a TK HSV-1 mutant during 

infection of the superior cervical ganglia (SCG) it was found 

that TK mutants of HSV-1 did not infect the SCG, while the TK+ 

strains did (Price, 1979; Price and Schmitz, 1979; Price and 

Kahn, 1981). It was not possible to reactivate the HSV-1 TK 

mutant from SCG after explantation to in vitro conditions. 

Virus strains resistant to acyclovir (ACV) were found to be 

latency negative (Klein et al., 1981). 

We investigated infection of the eye, trigeminal ganglion 

and the central nervous system (CNS) of mice, using mutants of 

HSV-1 (NIH strain) originally isolated on the basis of plaque 

morphology: a highly virulent large plaque strain, producing a 

high level of TK in the infected cells (LP(TK+)), a TK- mutant 

of this strain (LP(TK-)) and a small plaque mutant that 

produced 25% of the TK activity of the large plaque virulent 

strain (SP(TK+)). The results of our experiments confirmed that 

the viral TK gene is essential for the infection of the 
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trigeminal ganglion and for the establishment of latency, since 

the virus mutant that produced a low level of TK was able to 

establish latency but the TK mutant was not able to do so. 

MATERIALS AND METHODS 

Virus strains and cells 

The NIH wt strain No. 11124 of HSV type 1 was propagated 

in BSC-l cell monolayers grown in Dulbecco's modified Eagle's 

medium (DMEMi GIBCO) containing 10% calf serum. The wt virus 

that produced a heterogeneous population of 79% large plaque 

and 21% small plaque morphology was diluted to yield about 10 

plaque-forming units (pfu)/plate, and from these large (2 mm 

diameter) and small (0.5 mm diameter) plaques were isolated for 

plaque purification. The process was repeated many times until 

a small plaque strain was obtained that could be purified three 

times with 100% small plaque puritYi the large plaque 

derivative showed about 95% plaque purity. The large plaque 

strain, designated LP(TK+), and the small plaque strain, 

designated SP(TK+), each required about 20 hr to reach a virus 

titre of 2-4xl0 7 pfu/ml in vitro. 

A TK mutant, designated LP(TK-), was isolated from the 

large plaque strain by incubating about 100 pfu/plate in the 

presence of 20 ~g/ml of BUdR in the agar overlay (Dasgupta and 

Summers, 1978). Virus plaques were isolated, passaged in the 

presence of BUdR and tested for TK activity. 

L(TK-) cells were received from Dr. H. Cedar (Department 

of Molecular Biology, The Hebrew University-Hadassah Medical 

School, Jerusalem) and propagated in DMEM plus 10% calf serum. 

TK assay 

L(TK-) cells were infected with the HSV-l mutants at the 

same titre and incubated at 37°C. At 10 hr postinfection 

(p.i.), the cells were harvested in 10 roM Tris-HC1, pH 7.8 and 

2 roM 2-mercaptoethanol and sonicated for 1 min at 15 sec 

intervals. Each homogenate was centrifuged for 30 min at 

10,000 rpm in the Sorvall ultracentrifuge at 4°C, and the 

supernatant fluid was mixed with the TK reaction mixture which 
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consisted of 0.2 M sodium phosphate, pH 6.0, 25 mM NaF, 

50 ~Ci/ml of 3H-thymidine methyl-T (5000 mCi/mmol, Nuclear 

Research Center, Negev, Israel) and 4 mM ATP. The cell 

homogenate and TK reaction mixture in the proportion of 1:2 

were incubated at 37°C for 30 min. Each mixture was separated 

by thin layer chromatography (TLC) on PEl paper (0.1 mm 

cellulose MN 300 polyethyleneimine impregnated; Macherey-Nagel 

& Co., Germany) to separate the thymidine monophosphate (TMP) 

from the di- and triphosphates. The specific activity of the TK 

was calculated from the amount of radioactivity in the TMP/~g 

protein/hr. 

The V and K of the TK coded by the various strains of max m 
HSV-1 in L(TK-) cells were determined by standard procedures. 

Infection of mice 

Outbred albino mice, four weeks of age, were infected with 

the HSV-1 strains by inoculation on to scarified corneas 

(Pavan-Langston et al., 1979). At different time intervals, 

mice were sacrificed, and eyes, trigeminal ganglia, pons and 

brain were removed. The tissues were kept at -20°C until 

processed by Dounce homogenization in 1 ml of phosphate 

buffered saline (PBS). After centrifugation, tenfold dilutions 

of the supernatant fluid were made in DMEM and were titrated in 

BSC-1 monolayers using the plaque assay. Results are expressed 

as pfu/ml for each tissue sample. To determine latency, ganglia 

were cocultivated with BSC-1 cells by placing a piece of tissue 

on the cell monolayer, and the appearance of CPE indicated the 

reactivation of the virus from the ganglia. The pathogenicity 

of the different virus strains in mice was determined by 

corneal infection as above, and the number of animals that 

survived was determined. 

RESULTS 

Studies on TK expression by the HSV-1 strains 

The ability of the LP(TK+) and SP(TK+) isolates of the NIH 

strain to produce TK in L(TK-) mouse cells was studied. In the 

control experiment, uninfected L(TK-) mouse cells were shown to 
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have no TK activity, whereas infection of the cells with the HF 

strain of HSV-1 produced an active TK enzyme. Both the LP(TK+) 

and SP(TK+) virus isolates produced TK, although far less TK 

activity was induced by the SP(TK+) strain. Determination of 

the Km of the enzyme of the two virus isolates revealed that 

the enzymes are identical (Table 2), but the V of the TK 
+m~ + 

induced by SP(TK ) was 25% of that induced by LP(TK ). 

-TABLE 2 Thymidine kinase activity in L(TK ) cells 

infected with HSV-1 strains 

Virus strain V K max m 

LP(TK+) 8.44 x 10-6 M/Min 9.47 x 10-7 M 

SP(TK+) 2.07 x 10-6 I>l/Hin 9.68 x 10-7 M 

Indeed, the specific activity of the TK induced in L(TK 

cells by LP(TK+) was 4.1 pmol of 3H-TMP/~g protein/hr, as 

opposed to 0.96 for the SP(TK+) strain. Thus the SP(TK+) mutant 

produces only 25% of the TK produced by the LP(TK+) strain. The 

nature of the mutation in SP(TK+) is currently under study. 

Infection of mouse eyes 

Mice were inoculated into the eyes with the three virus 

isolates, using a standard virus inoculum with a titre of 

10 6 pfu/ml. Groups of 10 mice were sacrificed each day for six 

days after the infection, and the virus titre in the eyes, 

trigeminal ganglia and brain was determined. The results of a 

typical experiment (Table 3) show that all three virus strains 

replicated in the eyes, with the highest virus titres occurring 

at days 1 and 2 postinfection (p.i.). The virus strains LP(TK+) 

and LP(TK-) infected 100% of the eyes by day 2, while the virus 

strain SP(TK+) infected only 90% of the eyes (Table 3). On the 

second day p.i., the mean virus titre in the eyes was about the 

same for all three virus strains. 

Keratitis was scored and was found to be maximal on day 2 

in mice infected with all three virus strains, although 
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differences were noted in the severity of keratitis occurred in 

eyes infected with LP(TK+), with low scores being noted in eyes 

infected with the LP(TK-) or SP(TK+) strains. The inability of 

the LP(TK-) strain to produce TK, or the lower TK activity 

induced by SP(TK+), did not prevent infection of the eyes, but 

the keratitis caused by these two virus strains was milder than 

that caused by the LP(TK+) virus strain. 

Infection of the trigeminal ganglia 

Replication of the three virus strains in the trigeminal 

ganglia is shown in Table 3. The LP(TK+) strain replicated in 

the ganglia, reaching a maximal titre on day 5, followed by a 

gradual decrease in the virus titre at day 6, and no detectable 

virus at day 10. On day 6, 90% of the mice were infected and 

harbored the LP(TK+) virus. The SP(TK+) virus strain differed 

markedly, and only 10-20% of the mice showed signs of virus 

infection with a very low virus titer (Table 3). The LP(TK-) 

virus strain was not detected in the ganglia. The only virus 

strain able to replicate consistently with trigeminal ganglia 

was the LP(TK+) virus strain, which produces a high level of 

TK. Virus that produces no TK, namely the LP(TK-) strain cannot 

replicate in the trigeminal ganglia and cause ganglionitis, and 

low level TK produces virus, the SP(TK+) strain, shows only 

minimal replication at this site. 

Invasion of the central nervous system by the three virus 

strains 

Following the invasion of the trigeminal ganglia, the 

LP(TK+) virus strain migrated to the brain. The virus 

replicated in the brain, in the pons and in the cerebrum, 

reaching a maximum titre at day 6 p.i. (Table 3). 90% of the 

mice infected with the LP(TK+) strain showed active virus 

replication in the brain. The LP(TK-) virus strain that did not 

invade the trigeminal ganglia, and the SP(TK+) virus strain 

that reached the trigeminal ganglia but did not cause 

ganglionitis, were unable to infect the brain (Table 3). 
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These results indicate that the level of expression of the 

TK gene of the HSV-l virus strain determines the sequence of 

virus infection: high TK expression allows the virus to cause 

ganglionitis; in the absence of TK activity, or when the virus 

mutant is a low producer of TK, the virus loses its 

neurovirulence. 

Pathogenicity of the three virus strains in mice 

The virulence of the virus strains after inoculation into 

the eyes was determined by the number of mice that survived 

(Fig. 1). The LP(TK+) strain was highly virulent and killed 85% 

of the infected mice, whereas the wt virus was slightly less 

virulent. However, the LP(TK-) and SP(TK+) strains hardly 

killed any mice after infection of the eyes. These results are 

compatible with those of the replication of LP(TK+) in the 

brain. The LP(TK-) and SP(TK+) strains have lost their 

virulence for mice. 

100 LP<TK-) - ...... SPCTK') 

80 , 
VI , 
0:: , 
g 60 \ 

\ :; \ 

g§ 40 
\ 
\ 

VI \ __ +_o- ............ __ ~_-o--o--~-o--O WtcTK+) 

~ 20 LPCTK+) 

0 
0 2 4 6 8 10 12 14 16 18 20 22 

DAYS 

Fig. 1 Survival of mice after inoculation with 
10 pfu/ml of the three HSV-1 virus isolates and the wt 
virus. 

The relationship between the virus dose used for infecting 

the eyes and virus pathogenicity is shown in Table 4. The 

LP(TK-) strain was avirulent at doses of 10 6 and 10 7 pfu/ml, 

whereas the SP(TK+) was avirulent at a dose of 10 6 pfu/ml but 
7 became virulent at a dose of 10 pfu/ml. 

These results provide additional evidence that the amount 



of TK produced by the herpes virus strain determines its 

pathogenicity for mice. 

TABLE 4 Survival of mice inoculated with different 

doses of the various strains of HSV-l 

Virus strain % Survivors 

LP(TK+) 

LP(TK-) 

SP(TK+) 

wt(TK+) 

Inoculum dose 

10 6 

29 (30/l04)a 

93 (105/113) 

90 (112/125) 

46 (31/68) 

Mock-infected control 93 (70/75) 

a No. of survivors/total mice inoculated 

(pfu/ml) 

10 7 

14 (3/22) 

95 (19/20) 

57 (17/30) 

20 (1/5) 

15 

Role of the viral TK in the establishment of latent infections 

in the trigeminal ganglia 

In the above experiments, it was noted that the LP(TK 

mutant did not replicate in the ganglia, while the SP(TK+) 

strain infected the ganglia in 20% of the mice, but with a very 

low virus titre. It was of interest to determine whether these 

two avirulent virus strains were able to establish latent 

infections. For this purpose, each of the two trigeminal 

ganglia from each mouse infected with the different virus 

strains was cocultivated with BSC-l cells. Table 5 shows that 

the virulent strain LP(TK+) could be recovered from at least 

one ganglion in 75% of the mice that survived infection with 

the wt virus. with the avirulent strain SP(TK+), virus was 

recovered from 80% of the survivors. However, no virus was 

recovered from ganglia of mice infected with strain LP(TK-) 

(Table 5), and it was concluded that the TK strain was unable 

to establish latency in the mice. A follow-up study of the 
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TABLE 5 

Virus 

recovery 

LP(TK+) 

LP (TK-) 

SP(TK+) 

wt 

Recovery of latent virus from trigeminal ganglia 

21 days p.i. 

Positive 
mice 

75 (6/8)a 

0 (0/27) 

80 (24/30 ) 

100 (9/9) 

Positive 
ganglia 

56 (9/16)b 

0 (0/54) 

65 (39/60) 

67 (12/18) 

Virus recovery (%) 

116 days p.i. 

Positive 
mice 

NDc 

0 (0/9) 

25 (2/8) 

ND 

positive 
ganglia 

ND 

0 (0/18) 

19 (3/16 ) 

ND 

a No. of survivors with at least one positive ganglion/no. 

of mice 

b Total positive ganglia/no. tested 

c Not done 

TABLE 6 

Virus 

LP(TK+) 

SP(TK+) 

SP(TK+) 

LP (TK-) 

++++ 

++ 

Correlation between HSV-1 TK gene activity and 

virus pathogenicity 

Virus TK gene Kera- Penetration Latency Encepha-
inoculum activity titis to ganglia litis 
pfu/ml 

10 6 High ++++ ++++ ++++ ++++ 

10 7 High ++++ +++ ++++ ++++ 

10 6 Low ++++ ++ ++++ 

106 None ++++ 

high 

intermediate 

none 
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state of latency in mice infected with the SP(TK+) strain 

revealed that the virus could be reactivated in fewer mice 116 

days after infection (Table 5). The reason for this is not 

known. 

DISCUSSION 

The original object of this study was to investigate the 

pathogenicity of HSV-1 mutants isolated on the basis of plaque 

morphology. A large plaque variant highly virulent for mice and 

a small plaque variant that was less virulent were isolated. 

Investigation of these mutants showed that the large plaque 

LP(TK+) strain was an effective producer of TK, while the small 

plaque SP(TK+) strain produced only 25% of the TK activity of 

the large plaque strain. We also isolated a large plaque mutant 

(LP(TK-» with no TK activity. 

In the present study, the relationship between HSV-1 

pathogenicity and TK expression was investigated in mice by 

using the eyes as the site of inoculation. The course of 

infection in the eyes, trigeminal ganglia and mouse brain was 

followed on a daily basis after corneal inoculation of the 

three virus isolates that differed in their TK activity. We 

have shown that a virus strain that cannot induce TK (the 

LP(TK-) mutant) is unable to invade the trigeminal ganglion and 

establish latency, whereas a virus strain able to produce a low 

level of TK (the SP(TK+) mutant) can invade the trigeminal 

ganglia and establish latency, but does not reach the pons or 

the cerebrum. The LP(TK+) virus strain with a high livel of TK 

activity invaded the ganglia, replicated and caused 

ganglionitis, and afterwards reched the brain, causing 

encephalitis (Table 6). 

This study confirms and extends the results of Marcialis 

et al. (1975), Field and Wildy (1978), Tenser and Dunstan 

(1979) and Price and Khan (1981), who reported that the TK­

strains of HSV-1 had lost their pathogenicity, as compared to 

the TK+ parent strains, and that the mutant virus strains were 

unable to cause latent infections. Nevertheless, the TK­

mutants did immunize the infected animals against challenge by 
9 

the virulent parent strain. 
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Our study showed that the SP{TK+) strain which produces 

25% of the TK activity found with the LP{TL+) strain, can 

penetrate the ganglia and cause a latent infection at a virus 

dose of 10 6 pfu/ml. However, by increasing the virus dose to 

10 7 /pfu/ml and thus increasing the amount of TK produced, the 

pathogenicity of the virus was enhanced and the virus reached 

the brain and killed the mice (Table 6). These results suggest 

that there is a relationship between the level of TK expression 

and HSV-1 pathogenicity, as well as between the viral TK gene 

and the ability of the virus to establish a latent infection. 

Another aspect of the studies summarized in Table 1 is the 

demonstration that avirulent strains of HSV-1 (mostly HSV-1 TK 

mutants) do exist that are able to protect against infection 

with anturally occurring virulent strains. For an avirulent 

strain to render maximum protection, it must have lost the 

ability to invade the trigeminal ganglion and cause a latent 

infection (Klein et al., 1981), while being able to immunize 

the eye. 
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The susceptibility of juvenile and adult Tupaias to 
infection with herpes simplex virus (HSV) was investigated in 
detail. It was found that HSV type 1 and 2 were highly 
pathogenic for juvenile and adult Tupaias. The state of viral 
latency was studied using the co-cultivation technique in 
those animals which had survived an acute infection. 
Infectious virus was recovered from the ganglia of chronically 
infected tree shrews. The susceptibility of juvenile Tupaias 
to several strains of temperature-sensitive mutants of HSV 
type 1 and 2 was also investigated. These experiments revealed 
that the animals survived an infection of different ts-mutants 
of HSV 1 and 2 and were protected against a superinfection of 
a lethal dose of wild-type HSV-1 and/or 2. The state of viral 
latency in these surviving animals was studied. It was found 
that infectious virus could only be recovered from the spleen 
of these animals. Genomic analysis of these newly recovered 
viruses showed significant changes as compared to their 
parental viruses. This finding led to the development of a 
model system for the generation of intertypic recombinants in 
vivo. 

INTRODUCTION 

Plummer and his co-workers succeeded in 1970 in 

recovering infectious virus from the ganglia of rabbits which 

were inoculated previously with herpes simplex virus. 

Therefore the hypothesis on the "neurotropic potential of HSV 

and the properties of this virus for remaining in a persistent 

state within the nervous system" was confirmed, which was 

first postulated by Goodpasture in 1923. The pathogenicity and 

latency of HSV has been studied in a variety of laboratory 

animals, especially rodents (Plummer et al., 1970; Stevens et 
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al., 1971; Scriba et al., 1977). We have been investigating 

the pathogenicity and latency of HSV in tree shrews. The 

reason why we chose this animal (Tupaia belangeri) for the 

study of HSV latency and tropism was based on the fact that, 

firstly, the tree shrew is highly susceptible to HSV (Darai et 

al., 1979, 1980), and, secondly, that this animal 

phylogenetically belongs to higher developed species when 

compared to rodents, and is placed nearer to prosimians. 

~~TERIALS AND METHODS 

The experimental approach for this study (e.g. animals, 

HSV-1 and 2, ts-mutants of HSV-1 and 2, virus propagation, and 

titration, cells, media, neutralization test, co-cultivation 

assay and DNA restriction enzyme analysis) was carried out as 

described previously (Darai et al., 1978, 1980, and 1983). 

RESULTS 

Pathogenicity of wild types and temperature-sensitive mutants 

of HSV type 1 and 2 in tree shrew 

Whilst testing the susceptibility of juvenile Tupaias to 

several strains of HSV type 1 and 2 it was found that HSV type 

1 and 2 are highly pathogenic for these animals. The 

administration of 1.0x102 PFU of HSV type 1 and/or 2 per 

animal led to 100% lethality during two to eight days after 

inoculation (Darai et al., 1978, 1980). The clinical picture 

was manifested as a state of herpetic hepatitis when the 

animals were inoculated intravenously, intraperitoneally, and 

subcutaneously. The cause of death was generalized herpesvirus 

infection with liver necrosis. The highest titre of virus was 

found in the liver indicating that the centre for HSV 

production is the liver cells. These results confirm the 

observation of Mogensen et al. (1974). In contrast, a necrosis 

of stomach and intestine was found when the animals were 

inoculated orally (Darai et al., 1980, 1982). The animals died 

two to six days after oral infection. They were dissected 
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after death and/or sacrificed when moribund. The pathological 

examination revealed that only stomach and intestine were 

affected. Determination of virus production in different 

organs of these animals revealed that the highest virus titre 

was found in stomach and intestine (Darai et al., 1980, 1982). 

The pathogenicity of HSV in the adult Tupaia is similar to 

that in the juvenile Tupaia with the exception that the 

percentage of lethality is far lower when compared to the 
2 percentage for juvenile animals (100% lethality by 10 

PFU/animal). Table 1 summarizes the results of these 

experiments. 

TABLE 1 Sensitivity of juvenile and adult Tupaia to 

infection with HSV-1 and 2 

No. of animals Virus No. of animals Lethality 

juvenile adult dead/No. of (% ) 

animals tested 

18 18/18 100 
HSV-1 

57 46/57 80.7 

19 19/19 100 

HSV-2 

47 34/47 72.3 

Following HSV type 1 and 2 strains were used: 

HSV-1: 17, F. Thea, ANG, WAL 

HSV-2: HG-52, G, MUller 

The sensitivity of juveline tree shrews to infection with 

different temperature-sensitive mutants of HSV type 1 strain 

17 and HSV type 2 strain HG-52 (kindly provided by Dr. John 

Subak-Sharpe, University of Glasgow) was investigated. It was 

found that in all cases the animal survived an infection of 

intravenously administered ts-mutants (Darai et al., 1980, 

1983). The results of these studies are summarized in Table 2. 
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The development of antibodies against inoculated 

ts-mutants of HSV type 1 and 2 was determined using 

neutralization assay as described previously (Darai et al., 

1980). A value of 1:40 to 1:80 of neutralizing antibodies was 

found in the inoculated animals IS days after infection. 

TABLE 2 Sensitivity of juvenile Tupaia to infection 

with tempreature-sensitive mutants of HSV-2 

HG-S2, and HSV-1/17. 

No.of Virus* PFU/ No.of animals dead/ 

ani- animal*** No.of animals 

mals* 

4 HSV-2 HG-S2 1.0x10 4 4/4 
(wild-type) (4 days p. i.) 
HSV-2 HG-S2 

4 ts: 1 0/4 

4 2 0/4 

4 S 0/4 

4 9 1. Ox10 7 0/4 

4 10 0/4 

4 12 0/4 

2 l3 0/2 

1 HSV-1 /1 7 1.0x10 3 1/1 
(wild-type) (4 days p. i.) 
HSV-1/17 

1 ts: 0+ S.Ox10 6 0/1 

1 G+ S.Ox10 6 0/1 

1 H+ S.Ox10 6 0/1 

1 H+ 1. Ox10 8 0/1 

2 H 1.0x10 8 0/2 

1 H S.Ox10 6 0/1 syn 

* Average values of weight ( g) / age (days) lS/118 

** ts = temperatur-sensitive mutants 

*** The animals were inoculated intravenously 
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The susceptibility of those animals which had initially 

been infected with ts-mutants to infection with a lethal dose 

of wild-type HSV type 1 and 2 was tested. These studies 

revealed that the animals were protected against a 

superinfection of a fatal dose of wild-types HSV-l and/or 2. 

The state of viral latency in these surviving animals was of 

special importance and was studied in detail. With this goal 

the animals which were infected with ts-mutants and/or 

challenged with wild-types of HSVi those animals which 

survived an acute infection of wild-type HSV-l and 2 were 

sacrificed several months after infection and/or after 

superinfection. A variety of different specimens including 

brain, spinal cord, blood, thymus, spleen, kidney, liver, 

secretory glands, muscle, and skin were used for virus 

recovery using the co-cultivation technique with different 

susceptible cell cultures for HSV (Tupaia embryonic kidney 

cells) at different incubation temperatures (32 oC, 37 oC, and 

39 0 C). Each experimental approach was observed over a period 

of 6 to 8 weeks. The summary of these results is given in 

Table 3. 

The results presented here demonstrate clearly that the 

state of viral latency in those animals which had initially 

been infected with ts-mutants of HSV-2 and superinfected with 

wild-type HSV-l is different when compared to those animals 

which survived an acute HSV (wild-type) infection. In this 

case infectious virus was recovered from co-cultivated ganglia 

of the animals only. In contrast it was found that under these 

conditions the target organ responsible for the persistence of 

latent viruses was the spleen of those animals which were 

previously infected with ts-mutants and challenged with 

wild-type virus. Genomic analysis of these newly recovered 

viruses showed significant changes as compared to their 

parental viruses. 

This finding led to the development of a model system for 

the generation of intertypic recombinants in vivo, in 

agreement with the generation of intertypic recombinants of 

HSV in vitro previously reported by Morse et al. (1977) and 
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Preston et al. (1978). The intertypic recorr~inants of HSV-1 

and 2 were generated in tree shrews using a variety of 

TABLE 3 Recovery of Herpes simplex virus during 
chronic latent infection of tree shrew. 

No.of Inoculated 
1 st 

Virus Time of 

2nd sacrifice 

infect. (days af-

ani-

mals 

4 
13 

5 

4** 

2** 

4 

4 
4 

16 

8 

4 

infect. 

HSV-1 
HSV-2 

ts-2HSV-2* 

ts:2,5,9,10 
12,and 13 
HSV-2* 

+ + ts:D ,G ,Hsyn 

HSV-l/17 

ter 2nd 
infection 

75-105 
120-240 

180-280 

240 

90-120 

ts H+HSV-1/17 - 90-120 

HSV-2 
HSV-1 

ts 2 HSV-2* 

ts 2 HSV-2* 

ts10 HSV-2* 

HSV-1 
HSV-2 

* 

240 
240 

HSV-1+ 14-240 

* HSV-1+ 240 

* HSV-1+ 240 

* HSV-2 HG52 
** for each ts-mutant 

not recovered 

Virus 

organs 

spinal cord 
spinal cord 

spinal cord 

NR 

NR 

NR 

spinal cord 
spinal cord 

SPLEEN 

SPLEEN 

SPLEEN 

recovered 

no.of iso­

lation/no. 

of animals 

4/4 
11/13 

1/5 

0/4 

0/2 

0/4 

1/4 
4/4 

16/16 

8/8 

4/4 

NR 
* 
+ 

following HSV-1 strains were used: 17, F, KOS, and 
Thea. 

ts-mutants of HSV-2 HG-52 and wild-type of HSV-l (strains 17, 

KOS, F) which served as superinfecting virus. The intertypic 

recombinants of HSV can also be generated in vivo using 

ts-mutants of HSV type 1 and 2 administered simultaneously or 

reciprocally. The infected animals were sacrificed at various 

times after inoculation and/or superinfection and it was found 

that latent HSV could be recovered only from the spleen as 



shown in Table 4. 

* 
+ 
** 
*** 

TABLE 4 

No.of 

ani­
mals 

1 

2 

3 

3 

2 

Determination of the time necessary for 
intertypic interaction of HSV type 1 and 2 
in vivo (in tree shrew) 

Inoculated 

1st 
infection* 

tsm 2 
HSV-2 

HG52 7 
1.0xl0 

p.Lu. 

Virus 

2nd 
infection* 
(14 daYh 
after 1 ) 
HSV-l/17** 

6 5.0xl0 p.Lu. 

HSV-l/17 

HSV-l/17 

7 1.0xl0 p.f.u. 

HSV-l/F 

7 l.Oxl0 p.Lu. 

HSV-l/KOS 

7 4.3xl0 p.Lu. 

Time+of 

sacrifice 
(days p.L) 

animal dead 

4 

20-34 

14-33 

20-34 

Virus 

recover 
ed*** 
from: 

SPLEEN 

SPLEEN 

SPLEEN 

SPLEEN 

Route of infection = intravenously 
after second infection 
simultaneous administration with first inoculum 
all other organs including brain, spinal cord, 
blood, thymus, liver, muscle, and skin which were 
screened were negative. 
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The results presented in Table 4 demonstrate clearly that 

a minimum time of 4 days is necessary for intertypic 

interaction of HSV type 1 and 2 in vivo which is responsible 

for a shift of target organs for the persistence of latent HSV 

to spleen. 

The analysis of plaque-purified reisolated viruses using 

a variety of restriction endonucleases revealed significant 

alterations in the genome structure of newly recovered viruses 

(Table 5). These results indicate that an intertypic 
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interaction between HSV-l and 2 occurred in vivo which is 

responsible for the observed shift in organotropism of latent 

virus in tree shrew. 

TABLE 5 Genomic alterations which were detected in a 
variety of reisolated HSV from the spleen of 
infected tree shrews. 

Group Enzyme 

I 

II 

III 

IV 

V 

VI 

+ 

Bam HI 

Hind III 

HpaI 
Kpn I 
Bam HI 

Bam HI 

Eco RI 

Eco RI 

group I and 

not present 
present 

Arrangement of cleavage pattern of 
DNA of reisolated HSV 

from the spleen 
of Tupaia 

HSV-l 

-B 

-K and -U 

-A 
M 

-K 

-K 

II 

additional 

additional 
together 

to II 

to III 

HSV-2 

+F and +P 

+0 and +J 

+L 
+Q 

+Q and +0 

+M 

+M 

PATHOGENICITY AND LATENCY OF RECOVERED VIRUSES IN TREE SHREW 

The biological properties of the different reisolated 

viruses from ganglia or spleen of tree shrew were studied in 

vivo. Different animals (juvenile Tupaias) were inoculated 

with a variety of recovered viruses and the results are shown 

in Table 6. It is apparent that only those virus strains which 

were recovered from the spleen of the tree shrew lost their 

pathogenicity in the tree shrew and required new attentuated 

properties. 



CONCLUSION 

Our data presented here demonstrate that intertypic 

interactions between temperature-sensitive mutants of HSV in 

vivo are experimentally inducible. Although the mechanism of 

this complex process is not completely understood at this 

stage of investigation, and for its understanding many 

detailed 
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TABLE 6 Sensitivity of tree shrew to infection with different 
reisolated HSV from the spleen of Tupaia. 

Virus 

HSV-T-HD-
0/R3 

HSV-T-1469 

HSV-T-1618 

HSV-T-1628 

HSV-T-1475 

HSV-T-1489 

HSV-1/17 

HSV-1 Thea 

HSV-1 F 

No. of 
animals 

4 

1 

2 

1 

1 

4 
1 

1 

2 

8 

2 

PFU/ 
animal 

1.5xl07 

3.0xl07 

2.0xl07 

3.lx107 

6.3x107 
7 7.0x107 

7.0x10 

3.0x107 

1.0x103 

1.0x103 

1.0x105 

Route of 
application 

Lp. 

Lv. 

s.c. 

s.c. 

s.c. 

i.v. 
s.c. 

s.c. 

Lv. 

s.c. 

Lp. 

Time of 
death 
(days) 

34 

45 

45 

No. of 
animals 
dead/No.of 
animals 

0/4 

0/1 

0/2 

0/1 

0/1 

0/4 
0/1 

0/1 

2/2 

8/8 

2/2 

biological and molecular-biological investigations will be 

necessary, we Can emphasize that the established Tupaia model 

system (see Figure 1) is of great help for a study of gene and 

gene function of HSV responsible for the tropism, 

pathogenicity and latency of this virus. 
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Of the five herpesviruses that infect man, only herpes 

simplex viruses 1 and 2 (HSV) are not strongly species 

specific. Therefore animal models can be used in an attempt to 

clarify the pathogenesis of the natural infection in man. 

Neural spread of HSV has been appreciated since the 1920' s 

(Goodpasture and Teague, 1923; Johnson, 1964; Wildy, 1967; Cook 

and Stevens, 1972), but it was not until the 1970' s that 

latency in sensory ganglia was documented first in an animal 

model and then in man (Plummer et al., 1970; Stevens and Cook, 

1971; Bastian et al., 1972; Baringer and Swoveland, 1973). 

Latency occurs only in neurons in vivo with usually only 1% of 

the neurons involved in sensory ganglia (Cook et al., 1974; 

Galloway et al., 1979; McLennan and Darby, 1981; Galloway et 

al., 1982; Tenser et al., 1982). 

There are comprehensive reviews of the human herpesviruses 

in a recent volume (Nahmias et al., 1981). The present brief 

review concerns selected aspects of HSV latency in animal 

models. Emphasis is placed on maintenance of the latent state 

and virus reactivation. 

HSV LATENCY AND SPONTANEOUS REACTIVATION IN ANIMAL MODELS 

Open discussion of HSV latency often leads to conflicting 

views. The problem, in part is lack of agreement in 

terminology. Most investigators consider latency as a block in 

transcription of HSV DNA (Puga, et al., 1978). This block may 

be complete or partial (i.e., transcripts present from only a 

limited part of the genome) (Yamamoto et al., 1977; Gallowayet 

al., 1982). In agreement with the static state hypothesis 

(Roizman, 1965), viral replication does not occur. Reactivation 

refers to the reversal of the transcriptional block to the 
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point where full transcripts appear and viral replication 

resumes. Such reactivation may be clinically manifest as 

recurrent skin lesions or may be subclinical with or without 

HSV shedding at the skin. 

There are some discrepant observations that suggest the 

dynamic state hypothesis of latency (i.e., a low level of virus 

replication) (Baringer and Swoveland, 1974; Scriba, 1975; Hill 

and Blyth, 1976; Schwartz et al., 1978). However, these 

observations may correspond to the detection of spontaneous, 

subclinical reactivations. Such reactivations are very common 

in the rabbit model of HSV infection occurring at some time in 

100 percent of animals followed for six months (Nesburn et al., 

1967). Similarly frequent asymptomatic as well as symptomatic 

shedding occurs in some selected human population (Douglas and 

Couch, 1970) . In the guinea pig model, clinical recurrences and 

subclinical shedding are so frequent that it is arguable 

whether the concept of latency as used in this review fits this 

model at all (Scriba, 1975; Donnenberg et al. , 1980) . In 

contrast, spontaneous reactivation is rare in most mouse models 

occurring in less than 10 percent of animals followed for three 

months (Sekizawa et al., 1980). 

As a working hypothesis, it is reasonable to suppose a 

varying degree of "leakiness" in HSV transcription in various 

species with the greatest degree of "leakiness" in the guinea 

pig and the least in the mouse. The question remains which of 

these models most closely parallels the natural infection in 

man. As a model of recurrent skin lesions, the guinea pig is 

certainly preferable. But to study the phenomenon of latency, 

the mouse model with its low background of spontaneous 

reactivation is preferable. 

INDUCED REACTIVATION OF LATENT HSV 

The basis for the species difference in spontaneous 

reactivation is unknown. Probably related is the question in 

man why certain individuals with a latent infection tend to 

have frequent recurrences; whereas, others have few or no 

recurrences. The question comes down to a discussion of what is 
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needed to maintain latency (i.e., maintain the virus 

transcriptional block). Suggested answers concern differences 

in the virus, the number of ganglion cells infected, the immune 

response, or some poorly defined feature of the latently 

infected neuron. An experimental approach to determine what 

maintains latency involves the study of stimuli that induce 

reactivation 

LATENT 
INFECTION 

~ 

animals. 

&/:! • 
• 

SUBCLI NICAL 
REACTIVATION 

r 
REACTIVATION AMPLIFICATION 

\ I 
~ 

:{t. 

• • • • 
RECURRENT 

INFECTION 

Fig. 1 Recurrent herpetic infection produced either by 
reactivation of latent HSV or by amplification of a pre­
existing reactivation. The schematic drawing shows a 
bipolar sensory neuron with axons projected distally to 
the skin surface and proximally into the central nervous 
system. The wavy double lines indicate a test stimulus 
that is known to induce recurrent herpes: e.g., fever in 
man (Greenberg et al., 1969). Without knowing the inci­
dence of spontaneous reactivation in the study population, 
it is not possible to tell whether the test stimulus 
induced a reactivation or amplified a pre-existing, sub­
clinical reactivation. 

Induced reactivation has been detected by scoring skin 

lesions or detecting HSV shedding at the skin (Underwood and 

Weed, 1974; Blyth et al., 1976; Hurd and Robinson, 1977; Hill 

et al., 1978), by culturing infectious virus in cell-free 

ganglionic homogenates (Walz et al., 1974; Stevens et al., 

1975; Openshaw et al., 1979), and by demonstrating a serum 

antibody rise in antibody negative latently infected Animals 
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(Sekizawa et al., 1980). Only the first method can be used in 

man. However, as the figure shows, this method is badly 

confounded if there is a high background of spontaneous, 

subclinical reactivation. Under this circumstance, it is not 

possible to tell whether the test stimulus actually triggers 

reactivation (i.e., affects viral gene expression in neurons) 

or merely makes a pre-existing reactivation clinically 

manifest. 

This objection is minimized by doing reactivation studies 

in the mouse, an animal model with a low level of spontaneous 

reactivation. Particular stimuli shown to reactivate HSV in the 

mouse include (1) axotomy done close to the ganglia (Walz et 

al., 1974), (2) epithelial irritants applied to those nerve 

terminals that correspond to the latently infected ganglion 

cells (Blyth et al., 1976; Hill et al., 1978; Sekizawa et al., 

1980), and (3) treatment with the cytotoxic agents 

cyclophosphamide or x-irradiation (Kurata et al., 1978; 

Openshaw et al., 1979). 

Clearly only the third method would be expected to have an 

effect on the host immune response. A role for anti-HSV IgG in 

the maintenance of latency has been suggested (Stevens and 

Cook, 1974). Yet in experimental studies, reactivation occurred 

in mice given cyclophosphamide at a time when the serum 

antibody titer to HSV was still high (Openshaw et al., 1979). 

Moreover, it has been shown that latency is maintained in 

certain mice in the absence of detectable neutralizing serum 

antibody (Sekizawa et al., 1980). 

We favor the hypothesis that individual neurons have a 

varying degree of permissiveness for HSV replication (Openshaw 

et al., 1981). Ordinarily, neurons are non-permissive (i.e., 

there is a tight transcpritional block). But the same neurons 

become permissive under certain circumstances: e.g., transfer 

of the ganglion to explant culture, axotomy or other axonal 

injury, epithelial trauma, and treatment with cytotoxic agents. 

One of these stimuli (axonal injury) has been shown to alter 

neuronal gene expression (Levine et al., 1981). Perhaps 

associated with this alteration, critical HSV transcripts 
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appear and eventually virus replication resumes. In summary, 

understanding the relationship between neuronal and viral gene 

expression may ultimately provide a clue to the mechanism of 

HSV latency. 
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Using the vaginal route of infection in mice, we could 
show that the latency of Herpes simplex virus (HSV) in the 
lumbosacral ganglia correlated with the extent and the duration 
of the peripheral disease: 
1. Mice which had been pre-immunized by infection with HSV 

type 1 (HSV-1) were rarely protected from the take of a 
vaginal challenge. Accordingly, protection from latent 
infection was moderate, whereas the mice were well 
protected against the lethal outcome of the disease. 
Immunization with killed vaccine from purified HSV-1 had 
even less protective effect on the take of infection and 
correspondingly on viral latency, but the low rate of 
lethal outcome was similar to that of mice immunized with 
the live vaccine. 

2. The marked genetic resistance of intraperitoneally (i.p.) 
infected C57 BI mice was only poorly developed in 
vaginally infected mice. The course of the vaginal disease 
was not reduced and the incidence of latency was not 
diminished. Resistance manifested itself in reduced viral 
titre and spread in acute ganglionic infection, and in 
decreased lethality. 

3. Whereas wild virus strains of HSV-1 differed considerably 
in their neuro-virulence following intracerebral inoculat­
ion, only minor differences could be detected with reSDect 
to the vaginal disease. They did not lead to different­
rates of persistent infection. On the other hand, 
persistence of the virus was either not established or was 
rare respectively, in the case of TK- and syn mutant 
strains of HSV-1 and HSV-2, which proved avirulent in 
vaginal infection. 

INTRODUCTION 

Whenever selected factors of pathogenesis are studied, it 

is often useful to choose experiments with artificial con­

ditions. The relevance of the factors in the course of disease, 

however, becomes clearer, if the natural conditions are 

simulated. In an experimental model of vaginal herpes simplex 
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virus (HSV) infection of mice, it was shown that this is also 

true for the influence of immunity (Schneweis et al., 1981), 

natural resistance (Schneweis et al., 1982), and virulence on 

the latent persistent virus infection. 

MATERIALS AND METHODS 

Mice: Outbred NMRI mice and - in some experiments - inbred 

C57 BI mice were used. The mice were purchased from Zentral­

institut fur Versuchstiere, Hannover, Federal Republic of 

Germany, and were infected when 6 to 8 weeks old. 

Viruses: Herpes simplex virus type 1 (HSV-l): Strains MF 

(Sturn and Schneweis, 1978); Thea syn (Schneweis et al., 1972) 

Hof syn (Munk and Donner, 1963); ANG syn path (Kaerner et al., 

1981); Kit and Dubbs TK- (Dubbs and Kit, 1964). Herpes simplex 

virus type 2 (HSV-2): Strains EP (Sturn and Schneweis, 1978); 

Lux syn (derived from a penile isolate in our laboratory); Bry 

TK (Thouless, 1972). 

Cell cultures: Human Embryo Fibroblasts (HEF) for 

cocultivation of the ganglion explants, Vero cells for virus 

propagation and titration. 

Infection of mice: We used cotton pellets soaked with 106 

TCID 50 (if not indicated otherwise) to infect the mice 

vaginally, carefully avoiding any injury to the mucous 

membranes. The take of infection and the virus titre produced 

in the vagina were tested by swabs, squashed in 1 ml Eagle's 

MEM supplemented with 10% newborn calf serum (Eagle 10). 

Acute and persistent infection in the lumbosacral ganglia: 

Latency was ascertained by explantation of the lumbosacral 

ganglia (L4 to S3) 4 weeks or later post infection (p.i.). The 

ganglia of one side were pooled, explanted in plastic tissue 

culture flasks (50 ml) and cocultivated with HEF for 4 weeks. 

In the phase of acute infection the virus in the ganglia was 

titrated in homogenates of the ganglia, removed at the 3rd and 

4th d.p.i. and - left and right ganglia separately -

homogenized in 1.5 ml Eagle 10. In one additional experiment 

the ganglia were removed on days 2, 4, 6 and 8 p.i. and 

explanted separately in 24-well tissue culture cluster dishes. 
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RESULTS 

Immunity and latency 

Mice which experienced an oral infection with HSV-1 

(strain MF) 4 weeks previously, were moderately protected 

against vaginal infection with the same strain: Although the 

number of takes was only scarcely diminished, virus elimination 

from the vagina was clearly accelerated (Fig. 1). Immunization 

by a killed vaccine made from purified HSV-1 (Hilfenhaus et 

al., 1981), was even less effective. Nevertheless, both 

experimental groups were protected equally well against the 

lethal outcome of infection: lethality was only 4% in contrast 

to 55% in the controls . 
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Fig. 1 The course of the genital challenge infection 
with HSV-l in mice, which were immunized (0 --- 0) either 
by previous oral infection with HSV-l (97 mice) or by 
application of a heat-killed vaccine from purified HSV-l 
virions (59 mice). The control animals (x---x) had oral 
mock infection (79 mice) or s.c. application of PBS (40 
mice) resp. The percentage of positive swabs following 
the genital challenge is indicated. 
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The ratio and the extent of latent infection correlated 

with the duration of vaginal infection (Table 1). The number of 

latently infected mice was significantly reduced only in the 

group immunized with live virus, whereas the extent of latency 

was reduced in both groups. (For this purpose, resistant C57 Bl 

mice are more relevant controls than NMRI mice, since the group 

of surviving NMRI controls is selected in respect of an 

attenuated course of infection). 

TABLE Latency following vaginal challenge with 
HSV-1 after immunization with live and killed HSV-1. 
* see text. 

Immunization Latency Left and right 
ascertained gangl-:-affected 

NMRI* 23 (43 %) 52 % 
None 5"3 

C57Bl * 47 (70 %) 72 % 67 

2 s.c. doses of 47 
inact. ,purif.HSV-1 81 (58 %) 45 % 

Oral infection 15 (33 %) 33 % with HSV-1 46 

The correlation between latency and peripheral infection 

was affirmed by the data in table 2: The frequency of latent 

infection decreased proportionally with the number of positive 

swabs. 

TABLE 2 Incidence of latency in dependence on virus 
elimination from the vagina. Swabs were taken 2, 4, 5 
and 6 days p. i. 

Number of 
pos. swabs 

Latency 
ascertained 

4 

23 
30 (77) 

3 

15 
25 (60) 

2 

6 12 (50) 
3 

14 (21) 



Natural resistance and latency 

Since the finding of Lopez (1975) it is well known that 
6 C57 Bl mice resist intraperitoneal infection of 10 TCID50 , 

whereas the LD50 of sensitive mice is 102 to 103 TCID50 . 
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Surprisingly, the course of vaginal infection in resistant 

(C57 Bl) and sensitive (Nt-iRI) mice was identical (Fig. 2). The 

viral titre produced in the vagina was also similar in both 

strains of mice (Table 3). Accordingly, the numbers of latently 

infected animals were equal in both experimental groups. 

Looking for a difference in the early infectious cycle, which 

could be the reason for reduced lethality in C57 Bl mice, we 

found that the viral titer produced in the ganglia of C57 Bl 

mice was below that of the sensitive mice. 

In order to obtain more evidence for limited virus 

production in the ganglia of resistant mice, a number of 

infected ganglia were tested. For this purpose, mice were 

inoculated in the right foot pad. The ganglia were removed at 

days 2, 4, 6 and 8 p.i. and explanted separately. Fig. 3 shows 

that resistant mice had less infected ipsilateral ganglia and 

contralateral ganglia were infected only in sensitive mice. 
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Fig. 2 Course of the vaginal infection with HSV-1 in 
sensitive and resistant mice. Sensitive (NMRI) (x) and 
resista~t9(C57 Bl) (0) Wise were inoculated in the vagina 
with 10' (----) or 10' (----) TCID50/0,05 ml. The 
extent of the local infection was calculated as percent­
age of positive swabs from the vagina. 
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TABLE 3 Course of infection after vaginal inoculation 
of HSV-1 in sensitive and resistant mice. 

Parameter of Strain of mice 
infection NMRI C57 Bl 

Titer 0thvaginal 
swab, 4 d.p.i. 2,48 2,35 

Titer of acute info 2,83 2,09 in lumbos. ganglia 

Latent ganglionic 18 (72 %) 14 (77 %) info ascertained 25 18 

Deaths per info 67 (89 %) 33 (54 %) mice (lethality) 75 6T 
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Fig. 3 Infected lumbosacral ganglia, which were 
removed 2 to 8 days after subcutaneous HSV-1 infection 
into the right foot pad of resistant (C57 Bl) and 
sensitive (NMRI) mice. 

Virulence and latency 

It was observed that freshly isolated wild virus strains 

differed very much in virulence when inoculated intracerebrally 

(Table 4). 
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TABLE 4 High virulent (hv) and low virulent (lv) ocular 
HSV-1 isolates, tested by i.c. inoculation (Neumann­
Haefelin, 1979). 

hv strains 
TCID 50 

lv strains 
TCID 50 

LD50 LD50 

281 10- 1 309 103, 1 

342 100 ,1 317 103 ,1 

391 100 ,2 401 102 ,9 

In the vaginal infection, however, the strains showed no 

striking differences. The only difference we could find in the 

course of the peripheral infection was the diminished titre of 

the avirulent strains in the vagina towards the end of acute 

infection. The slight difference did not result in a reduced 

incidence of latency. Lethality, however, was also decreased in 

this experimental group (Table 5). 

TABLE 5 Vaginal infection with ocular HSV-1 isolates: 
3 strains with high intracerebral virulence (hv) and 
3 strains with low intracerebral virulence (lv). 

hv strains lv strains 

Number of takes 
102 (85 %) 96 (80 %) 120 120 

Vir<;tl titRa in the 
10 3 ,78 103 ,55 vaglna, 2 d.p.i. 

Vir<;tl titf!fi in the 
10 3 ,88 10 3 ,11 vaglna, 5 d.p.i. p< 0,001 

Latency 21 (72 %) 26 (68 %) 
established 29 38 

Lethality 
58 (57 %) 37 ( 39 %) p< 0,05 102 96 

In contrast to the wild virus strains avirulent mutant 

strains (syn and TK strains of HSV-1 and HSV-2) produced weak 

peripheral infection. The virus disappeared from the vagina 

early (Fig. 4), and the viral titres, which developed in the 
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vagina, Were low (Table 6). Consequently, latency was very rare 

and no mice died (Table 6). 
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Fig. 4 Percentage of positive swabs after vaginal 
infection of NMRI mice with wild virus strains of 
HSV-1 and HSV-2 , syn mutant strains 
of HSV-1 0----0 and HSV-2 0----0, and TK- strains of 
HSV-1 and HSV-2 

TABLE 6 
of HSV. 
above. 

Vaginal infection with wild and mutant strains 
*Tested in C57 Bl mice for reasons mentioned 

HSV-1 HSV-1+2 HSV-1+2 

wild-type* syn TK 

Titer in the 
103 ,5 102 ,4 101 ,4 vagina, 2 d.p.i. 

Latency 47 (70 %) 4 (22 %) 0 (0 %) established 67 18 26 

Lethality 34 (31 %) 0 (0 %) 0 (0 %) 108 TI 27 

CONCLUSION 

It is known that the capacity of establishing latency is 

controlled by viral genes and, under special conditions, 

independent of virus replication (Lofgren et al., 1977). Taking 
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the non-injured mucous membranes as inoculation site, however, 

adequate virus production in the epithelium seems to be 

required for the invasion of the virus into the nervous system. 

In the ganglia the acute productive infection is changed to 

latent infection, and infected cells are eliminated to some 

extent (Walz et al., 1976). The effectiveness of this change 

and elimination determines the spread of virus in the ganglia 

and the possible invasion into the central nervous system. 

Depending upon the mode of immunization, immune factors 

influenced both the peripheral and ganglionic infection. The 

natural resistance of the host, however, manifested itself 

predominantly in ganglionic infection, and the virulence of 

viral strains, predominantly in epithelial infection. In the 

case of TK- strains, there may be another mechanism, which 

inhibits the reactivation of latent virus (Price and Khan, 

1981) . 
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DIFFERENCES OF HSV2 STRAINS IN THEIR EFFICIENCY OF ESTABLISHING 

LATENT INFECTIONS IN GANGLIA OF GUINEA PIGS 

ABSTRACT 

M. Scriba 

Sandoz Forschungsinstitut, Brunnerstr. 59, 
A-1235 Wien, Austria 

Pathogenesis of HSV2 infections in guinea pigs after s.c. 
or i.d. inoculation is described as characterized by primary 
lesions, continuous virus persistence in ganglia and skin and 
spontaneously developing recurrent herpes. In contrast to 9 
HSV2 strains assayed previously in this model which were all 
found to behave similarly, three more HSV2 strains studied were 
found to have reduced pathogenicity. They induced less primary 
lesions, rare or no recurrent herpes and had reduced capacity 
to establish latent ganglionic infection. They persisted, 
however, in peripheral tissues to the same extent as the 
virulent strains. One of these three strains was a thymidine 
kinase negative mutant. In the case of the other two strains 
the molecular basis for the lack of pathogenicity and failure 
to establish latency in ganglia is not clear. 

Infections of guinea pigs with herpes simplex virus type 2 

(HSV2) either subcutaneously (s.p.) or intradermally (i.d.) 

into the footpad lead to development of primary herpes at the 

site of inoculation, characterized by inflammation and 

vesiculation. These lesions usually resolve spontaneously 

within 2 to 3 weeks. A life-long clinically asymptomatic 

infection is established thereafter during which the virus 

persists in a latent state in the sensory ganglia subserving 

the initially inoculated foot. Unlike in experimentally 

infected mice or rabbits or naturally infected humans, however, 

in guinea pigs the virus persists in addition to and 

independently from ganglionic infection, in the initially 

inoculated site of the skin. After s.c. inoculation virus is 

found even more regularly to persist locally than in ganglia 

(Table 1). In both sites virus is not dectable by any direct 

assay but only after cultivation of the explanted tissue in 

vitro (Scriba and Tatzber, 1981). Yet the virus persists 

probably in different states in ganglia and skin: in ganglia 

virus is most likely to reside in a latent, i.e. 

non-replicative, state, whereas some indirect evidence was 
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obtained that virus in the skin is maintained as a low-grade 

productive infection (Scriba, 1981). The asymptomatic infection 

may often be interrupted by phases of virus reactivation and 

subsequent appearance of recurrent herpes at the site of 

initial inoculation. The recurrent herpes develops 

spontaneously and so far no mechanism triggering these 

exacerbations could be identified. The majority of these 

recrudescences are apparently induced by virus reactivated in 

latently infected ganglia. The role of virus persisting in the 

peripheral tissue for the pathogenesis of the infection is 

still unclear. We have assayed the pathogenicity of 9 different 

strains of HSV2 in this model, including old laboratory strains 

as well as a number of recent clinical isolates (Scriba and 

Tatzber, 1981). All 9 strains tested were found to induce 

primary and recurrent herpes to a similar extent suggesting 

that all these strains do not also differ in their ability to 

establish latent infections in ganglia. 

In continuation of these studies we assayed a number of 

laboratory strains in this model and found so far 3 strains to 

be non-pathogenic for guinea pigs, namely C5a, HG52 and N9 

(Table 2). C5a is a thymidine kinase negative (tk) mutant of 

the pathogenic strain 72, the strain with which most of our 

animal experiments have been performed; HG52 was obtained from 

Dr. Subak-Sharpe's laboratory in Glasgow; N9 is a derivative of 

strain MS, adapted to growth at 25 0 C by Dr. H.F. Maassab, Ann 

Arbor (Maassab and McFarland, 1973). Clone N9 was isolated by 3 

cycles of plaque-purification from his stock of this so called 

"cold variant". 

After s.c. inoculation with these 3 strains the incidence 

of primary herpes was markedly lower than after infection with 

strain 72; this difference was most pronounced after infection 

with strain HG52 (18% versus 75% in 72-infected controls) . 

After i.d. infection only the HG52 infected animals showed a 

reduced proportion of primary herpes; all 3 strains induced, 

however, less severe symptoms than strain 72. More interesting 

is the considerably reduced proportion of animals developing 

recurrent herpes after infection with these attenuated strains, 

most pronounced again in the HG52-infected animals, where none 



T
A

B
L

E
 

1 
R

e
c
o

v
e
ry

 
o

f 
H

S
V

2,
 

s
tr

a
in

 
7

2
 

fr
o

m
 
e
x

p
la

n
ts

 
o

f 
fo

o
tp

a
d

 
s
k

in
 

a
n

d
 
d

o
rs

a
l 

ro
o

t 

g
a
n

g
li

a
 
a
f
te

r
 
s
.c

. 
o

r 
i.

d
. 

fo
o

tp
a
d

 
in

fe
c
ti

o
n

 

D
ay

 
a
f
te

r
 

in
fe

c
ti

o
n

 

2
0

 
-

1
0

0
 

1
0

0
 

-
4

0
0

 

S
u

b
c
u

ta
n

e
o

u
s 

F
o

o
tp

a
d

 

3
7

/3
7

 
( 1

0
0

) 
+

 

7
8

/8
3

 
(9

4
) 

G
a
n

g
li

a
 

4
5

/7
5

 
(6

0
) 

3
7

/7
9

 
(4

7
) 

In
tr

a
d

e
rm

a
l 

F
o

o
tp

a
d

 
G

a
n

g
li

a
 

1
4

/1
7

 
(8

2
) 

1
8

/2
1

 
(8

6
) 

1
7

/3
2

 
(5

3
) 

+
 

N
u

m
b

er
 
o

f 
a
n

im
a
ls

 
p

o
s
it

iv
e
/n

u
m

b
e
r 

te
s
te

d
 

(p
e
rc

e
n

t)
 

V
1

 
W

 



T
A

B
L

E
 

2 
C

li
n

ic
a
l 

o
b

s
e
rv

a
ti

o
n

s
 

a
n

d
 
p

e
rs

is
te

n
t 

in
fe

c
ti

o
n

s
 
a
f
te

r
 
s
.c

. 
o

r 
i.

d
. 

in
o

c
u

la
ti

o
n

 

w
it

h
 

H
SV

 
s
tr

a
in

s
 

In
o

c
u

la
ti

o
n

 
S

tr
a
in

 
C

li
n

ic
a
l 

o
b

s
e
rv

a
ti

o
n

s
 

R
e
c
o
v
e
r
~
 
o

f 
v

ir
u

s
 

fr
o

m
 

P
ri

m
a
ry

 
R

e
c
u

rr
e
n

t 
F

o
o

tp
a
d

 
G

a
n

g
li

a
 

le
s
io

n
s
 

le
s
io

n
s
 

s
.c

. 
7

2
 

2
4

/3
2

*
 

2
1

/3
1

 
2

8
/2

8
 

1
1

/2
4

 

C
5

a 
8

/2
5

 
2

/2
5

 
2

2
/2

2
 

0
/2

1
 

H
G

52
 

3
/1

7
 

0
/1

7
 

3
4

/3
4

+
 

2
/3

2
 

N
9 

5
/1

6
 

3
/1

6
 

1
1

/1
1

 
0

/1
1

 

L
d

. 
7

2
 

1
2

/1
2

 
6

/1
2

 
8

/1
2

 
1

0
/1

1
 

C
5

a 
5

/6
 

1
/6

 
5

/6
 

0
/6

 

H
G

52
 

1
1

/1
7

 
0

/1
7

 
4

/1
7

 
3

/1
7

 

N
9 

6
/6

 
1

/6
 

1
/5

 
1

/5
 

* 
N

u
m

b
er

 
o

f 
a
n

im
a
ls

 
p

o
s
it

iv
e
/n

u
m

b
e
r 

te
s
te

d
 

+
 
V

ir
u

s 
is

o
la

ti
o

n
 
r
a
ti

o
s
 
o

f 
H

G
52

 
in

fe
c
te

d
 

a
n

im
a
ls

 
a
re

 
th

e
 

su
m

m
ar

y
 
o

f 
2 

s
e
p

a
ra

te
 

e
x

p
e
ri

m
e
n

ts
. 

In
 
th

e
 
f
ir

s
t 

e
x

p
e
ri

m
e
n

t 
n

o
 
c
li

n
ic

a
l 

o
b

s
e
rv

a
ti

o
n

 
h

a
d

 
b

e
e
n

 
p

e
rf

o
rm

e
d

 

V
I 

-l'>
-



T
A

B
L

E
 

3 
In

 
v

it
r
o

 
c
h

a
ra

c
te

ri
s
ti

c
s
 
o

f 
H

SV
 

2 
s
tr

a
in

s
 

S
tr

a
in

 
V

ir
u

s 
:r

:i
e
ld

a
 
in

 
TK

 
a
c
ti

v
it

:r
:d

 
in

d
u

c
e
d

 
in

 
V

ir
u

s 
:r

:i
e
ld

 
a
t 

3
8

.5
0

/3
4

o
C

 
in

 

G
PF

b 
V

e
ro

c 
V

e
ro

 
G

PF
 

V
e
ro

 
G

PF
 

7
2

 
1

.2
x

1
0

 4 
7

.1
x

1
0

 4 
8

3
.2

 
4

2
.9

 
0

.3
9

 
7

.1
0

 

C
5

a 
1

.8
x

1
0

4 
6

.4
x

1
0

4 
0

.6
 

0
.6

 
0

.1
1

 
5

.2
6

 

H
G

52
 

1
.2

x
1

0
4 

6
.0

x
1

0
 4 

6
8

.8
 

5
1

.6
 

0
.0

3
 

3
.2

9
 

N
9 

5
.8

x
1

0
3 

8
.2

x
1

0
 4 

7
5

.5
 

n
.t

.
f 

0
.0

1
 

4
.2

3
 

M
oc

k 
0

.4
 

0
.6

 

a 
P

F
U

/0
.2

 
m

l 

b 
m

o
i 

0
.0

3
, 

7
2

 
h 

in
c
u

b
a
ti

o
n

 
3

6
°C

 

c 
m

o
i 

0
.0

0
3

, 
4

8
 

h 
in

c
u

b
a
ti

o
n

 
3

6
°C

 

d 
cp

m
 

x 
1

0
-3

 
o

f 
[1

2
5

IJ
 

d
e
o

x
y

c
y

ti
d

in
e
 
p

h
o

s
p

h
o

ry
la

te
d

 
in

 
a 

2
0

 
m

in
 
a
s
s
a
y

 
(p

e
rf

o
rm

e
d

 
a
s
 
d

e
s
c
ri

b
e
d

 
b

y
 

F
o

n
g

 
a
n

d
 

S
c
ri

b
a
 

1
9

8
0

) 

e 
PF

U
 

o
b

ta
in

e
d

 
a
f
te

r
 

7
2

 
h 

in
c
u

b
a
ti

o
n

 
a
t 

3
8

.5
0

C
/P

F
U

 
o

b
ta

in
e
d

 
a
f
te

r
 

7
2

 
h 

a
t 

3
4

°C
 

f 
n

o
t 

te
s
te

d
 

V
I 

V
I 



56 

of 34 animals developed recurrent lesions. 

Animals were then assayed for virus persisting in dorsal 

root ganglia and footpad skin by cocultivation of these tissues 

on primary rabbit kidney cells. All s.c. infected animals were 

shown to harbor virus in their inoculated footpad, 

demonstrating that successful infection had occurred in all 

animals with all 4 strains of virus. In none of the CSa or N9 

infected animals and in only 6% of HGS2 infected animals was 

virus detectable in ganglia, whereas strain 72 was recovered 

from ganglia of 46% of the guinea pigs. After i.d. inoculation 

HSV2 persists less regularly in the footpad skin but more 

frequently in the ganglia than after s.c. infection. After this 

route of infection CSa was shown to remain in the skin only, 

the proportion of positive animals being even higher than in 

the 72-infected group. HGS2 and N9 on the other hand were found 

in both sites, skin and ganglia, at reduced ratios. 

The reduced incidence of latent ganglionic infections 

established by these 3 strains could be the consequence of 

reduced replication in peripheral tissue and accordingly of 

less virus reaching the ganglia. To test this possibility we 

measured virus replication in the footpad skin after s.c. 

infection. Figure 1 demonstrates that after infection with the 

virulent virus 72 infectious virus was detectable in all 

animals assayed at 24 h post infection (p.i.), the percentage 

of positive animals decreasing thereafter until day 11, by 

which time virus was undetectable in tissue homogenates. Also 

highest titers of virus were usually observed around 24 - 48 h 

p.i. (Figure 2). Virus titers in the skin were, therefore, 

determined at 24 and 48 h after infection with the various 

virus strains (Figure 3). Another virulent strain, K979, was 

included in this experiment in additon to strain 72. Virus 

titers varied considerably among animals of the same group. 

Since only 3 animals were assayed per virus and time point 

these data have to be viewed with caution. There is no 

evidence, however, that strains N9 and HGS2 would replicate 

less well in the skin than the virulent strains. Only CSa 

reached lower titers than strain 72 at 24 h p.i., a difference 

which was no longer observed at 48 h. Thus, an impaired 



III 
iii 
E 
'c 
III 

GI 
> :;: 
'iii 
0 
Q, .. 
0 

GI 
DI 
III .. 
C 
GI 
U ... 
GI 
11. 

100 

10 

0,25 1 2 4 7 11 Day p.i. 

10 29 14 17 44 17 Number of animals tested 

Figure 1 Percentage of animals in which virus was 
detectable in hom~genized footpad skin after s.c. 
infection with 10 PFU of HSV 2 strain 72. 

capacity to replicate in the skin is probably not the 

explanation for the failure of these strains to effectively 

induce latent infections in ganglia. 
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Inability to induce latent infections in the nervous 

system has so far been reported for two types of mutants of 

HSV1: temperature-sensitive (ts) and tk mutants. Thus Lofgren 

and coworkers (1977) have shown that some but not all ts 

mutants of HSV1 were unable to establish latency in the dorsal 

root ganglia or the brain of mice. No specific mutation could 

however be associated with the latency negative strains. A 

specific mutation namely the lack of tk could on the other hand 

be related to a failure to establish latency in ganglia of mice 

and guinea pigs (Tenser and Dunstan, 1979; Tenser, Miller and 

Rapp, 1979). Such mutants cannot replicate in neurons, which 

are non-dividing cells and, therefore, probably lack any 

enzymes needed for thymidylate synthesis, be it by de-novo or 

by salvage pathways. Tk viruses can, however, grow in 

peripheral tissue, i.e. in potentially dividing cells. 
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Figure 2 Virus titers in homogenized footpad skin after 
s.c. infection with strain 72. Three animals were assayed 
per time point. Stars indicate individual titers, the line 
shows geometric means. 

It was, therefore, not unexpected, that our tk- mutant of 

HSV2 would not induce latent infections in ganglia. The fact 

that it gave rise to a few recurrent exacerbations can_probably 

be interpreted as evidence that occasionally also the virus 

resident in the skin can be activated to induce recurrent 

lesions. The basis for the reduced ratios of latency and of 

subsequent recurrent infections induced by the other two 

strains, HG52 and N9, is not clear. Particularly striking is 

the total inability of HG52 to induce recurrent infections 

although it was at least occasionally detectable in ganglia. 

The strains were tested for their growth capacity in 

guinea pig cells in vitro, for tk induction and for growth at 
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elevated temperatures (Table 3). N9 and HGS2 induced tk 

activity similar to strain 72 in Vero cells as well as in 

guinea pig fibroblasts (GPF). Also, virus yields were 

essentially similar in both types of cells, although highest 

titers were obtained later in GPF than in Vero (72 h in GPF 

inoculated at a moi of 0.03, 48 h in Vero cells inoculated at a 

moi of 0.003). However, this was true for all four virus 

strains tested. To assay for ts markers, virus growth at 34 0 C 

was compared to that at 38.S oC. Strains 72 and CSa were only 

slightly reduced at 38.SoC in Vero cells, whereas both strain 

N9 and HGS2 showed more than one log reduction. This did not, 

however, hold in GPF, where all four strains exhibited better 

growth at 38.SoC than at 34 0 C. 
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Thus, for both strains HG52 and N9 lack of tk, temperature 

sensitivity or host range mutation was not the explanation for 

their inability to efficiently induce latent ganglionic 

infections in guinea pigs. We have so far not studied whether 

these strains can replicate in neurons. The question also 

remains open for all three strains studied here, whether the 

failure to recover virus from ganglia was really due to the 

inability of these strains to establish latent infections or 

rather due to the inability to be reactivated. Failure to 

replicate in neurons, which has at least been demonstrated for 

tk strains of HSV1, might well prevent reactivation in vivo as 

well as in vitro. Accordingly other techniques should be 

applied than cocultivation to search for latent virus, before 

differences in the efficiency with which virus strains 

establish latency can be proved. 

I would like to speculate in this context, that 

differences among virus strains in going latent or even more in 

being reactivated from a latent state in neurons are an 

explanation for the different courses of herpes infections 

observed in the natural human infection. Inherent differences 

of the herpes strains may be the reason why a large proportion 

of humans who have antibodies against the virus and, therefore, 

most likely carry a latent infection, never develop overt 

recurrent disease, whereas in others frequent recurrences 

develop. It would, therefore, be very interesting to compare 

the pathogenicity of virus strains recovered from ganglia of 

individuals without history of recurrent herpes with the 

pathogenicity of isolates obtained from recurrent lesions. 
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Following a primary infection in man, Herpes Simplex 

Virus (HSV) usually persists in the latent state and remains 

there lifelong. However periodically it may become 

spontaneously reactivated and infectious virus is produced -

which can result in overt clinical disease (Wildy et al., 

1982). The latent HSV genome persists in sensory ganglia both 

in man and in some laboratory animals, and can be 

experimentally reactivated by explantation of ganglia and 

culture in vitro (Stevens and Cook, 1971; Bastian et al., 

1972; Stevens, 1975; Barringer, 1975). 

The viral genome appears to be latent within the sensory 

neuroses of dorsal root ganglia (McLennan and Darby, 1980), 

but recovery from central nervous tissue, autonomic ganglia 

and the adrenal gland have also been reported (Nesburn et 

al., 1972; Knotts et al., 1973; Price et al., 1975; Cook and 

Stevens, 1976; Warren et al., 1978). Skin explants from the 

sites in man at which HSV recurrences had been observed have 

not yielded virus (Rustigan et al., 1976). However, recurrent 

HSV has been observed in patients with 'blow-out' fractures 

which had severed the nerve supply to the area of skin 

involved (Hoyt and Billson, 1976). 

HSV-1 and HSV-2 have been isolated from the site of 

isolation (footpad and vagina) of latently infected guinea 

pigs (Scriba, 1976, 1977; Donnenberg et al., 1980). HSV-1 has 

been isolated also from the ear skin (the site of 

inoculation) in 8% of latently infected mice in the absence 

of overt clinical lesions (Hill et al., 1980). In the course 

of experiments aimed to study the viral genes influencing the 

ability of HSV to induce latency in mice, we have made new 

observations highly relevant to the above problem and have to 
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date recovered HSV-1 and HSV-2 from the mouse footpad as vlell 

as dorsal root ganglia three months or more after 

inoculation. 

HSV-1 strain 17 wt, HSV-2 strain HG52 wt and derived 

temperature sensitive (ts) mutants (Timbury, 1971; Brown et 

al., 1973; Halliburton and Timbury, 1973, 1976; Harsden et 

al., 1976) were used to inoculate Biozii (high antibody 

responder) strain mice via the rear footpad. The mouse core 

body temperature (38.5°C) is nonpermissive for the ts mutants 

used. Though the footpads may be somewhat below the core 

temperature when the mice are active, while they are close 

packed asleep in the nest the footpads will be at or near the 

core temperature. The mice were kept minimally for three 

months after infection and then tested by explanting the 

dorsal root ganglia (DRG) and footpad skin (FP) into culture 

and incubating at 31°C with daily screening for production of 

infectious virus. Following infection with HSV-1 wt at doses 

between 10 5 _10 6 pfu/mouse, the Biozzi mice showed some 

initial footpad swelling and reddening of the skin, but none 

became permanently paralysed and all survived (Clements and 

Subak-Sharpe, 1983). None of the mice infected with HSV-1 ts 

mutants or with HSV-2 wt or ts mutant virus showed any 

evidence of illness and none died (Al-Saadi et al., 1983). 

The Biozzi strain thus is a member of the resistant group of 

mouse strains like the C57 B1/6 strain described by Lopez 

(1975) and Kirchner et al. (1977). 

Virus was never detected in the supernatant from 

explanted DRG earlier than the sixth day after explantation. 

The majority of BHS reactivations from explanted ganglia 

first appeared between days 7 and 14 and the latest time at 

which virus was first detected was 24 days after DRG 

explantation. To our initial surprise we reproducibly 

obtained virus reactivation also from footpad explants in 

mice infected with 10 5 /10 6 pfu of HSV-1 and HSV-2 wt. No 

virus was recovered from the footpad of the 19 mice 

inoculated with less than 105 pfu of HSV-1 wt, though their 

DRG explants were positive in 14 cases (Table 1). The footpad 
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cultures never shed virus before the tenth day after 

explantation and on one occasion not until the 42nd day. We 

have never detected virus in tissue homogenates made 

immediately after explantation, which is in accord with other 

reports (Cook and Stevens, 1976; Hill and Blyth, 1976). At 

the doses of HSV used in the present study virus was never 

recovered from the left DRG or the left footpad, 

contralateral to the site of inoculation. The virus which 

reactivated from mice initially infected with a ts mutant in 

every case (except for two mice inoculated with tsI) proved 

to have retained the ts phenotype. Using the restriction 

enzymes BamHI, BgIII, HindIII, KpnI and EcoRI (Lonsdale et 

al., 1979; Lonsdale, 1979), the DNA fragment profiles of 

reactivated viruses were compared with the profiles of the 

virus used for initial infection and in very case shown to be 

unchanged. 

As can be seen from Table 1, HSV-2 wt virus was 

recovered with high efficiency from the DRG but much less 

frequently from the footpad. As far as the HSV-2 ts mutants 

are concerned, ts 5 and ts 10 have not been recovered either 

from DRG or from the footpad; mutants ts 3, ts 9 and ts 12 

have only been recovered from explanted footpad; mutants ts 

11 and ts 13 have been recovered from DRG only; the remaining 

six HSV-2 mutants were all recoverable both from DRG and 

footpad; but whilst ts 1, ts 6 and ts 7 were obtained from 

either site with approximately equal frequency, ts 2, ts 4 

and ts 8 reactivated much more frequently from the DRG. HSV-l 

wt virus, after initial inoculation with >10 5 pfu, was 

readily recovered from DRG or footpad. There is efficient 

recovery from DRG of latent HSV-l sw (these mice were 

initially inoculated with 10 3 or more pfu) and the HSV-l 

mutants D syn, tsI syn and tsF syn; ts G syn and ts K syn 

have not been recovered so far from the DRG of Biozzi strain 

mice; ts K syn is the only HSV-l ts mutant so far tested to 

have been recovered from the footpad. The pattern of recovery 

of these HSV-l ts mutants from the latent state in mice 

differs in some respects (eg tsI) from that previously 
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TABLE 1 Recovery of HSV (wt) and (ts) mutants following 
explantation of dorsal root ganglia and footpad 
from latently infected mice (three months after 
initial inoculation into the footpad of the right 
hind limb) 

DNA DRG Footpad 
Virus pfu/mouse phe- positive/ positive/ 
inoculated inoculated no- total (% ) total (% ) 

t:n2e 

HSV-1 

17 + 10 6-10 7 Yes + 7/7 (100 ) wt syn + 
17 + 10 5-10 6 Yes + 7/9 (78 ) ",t syn + 

wt 17 + 10 4-10 5 + 11/15 (73) 0/15 (0 ) syn 

wt 17 + 10 3_10 4 + 3/4 (75) 0/4 (0 ) syn 

ts D syn 6 x 105 3/5 (60) 0/5 (0 ) 

ts I syn 1 x 10 6 + 10/10 (100) 0/9 (0 ) 

ts F syn 1 x 10 7 + 8/12 (67) 0/12 ( 0 ) 

ts G syn* 3.7x10 6 + 0/15 (0 ) 0/14 (0 ) 

ts K syn 1 x 105 0/10 (0) 2/10 (20) 

HSV-2 

wt HG52 1 x 10 6 + 6/6 (100) 2/6 (33) 

wt HG52 1 x 105 + 11/l3 (85) 1/14 ( 7 ) 

ts 1 1 x 105 4/11 (36) 2/10 (20) 

ts 2 1.7 x 10 6 8/17 (47) 1/16 (6 ) 

ts 3 1.2 x 105 + 0/16 (0 ) 5/15 (33) 

ts 4 5 x 10 6 + 12/14 (86) 1/14 (7) 

ts 5 1.7 x 10 6 + 0/12 (0 ) 0/12 (0 ) 

ts 6 1 x 10 6 1/16 ( 6 ) 1/16 ( 6 ) 

ts 7 8 x 105 2/14 (14 ) 1/11 (9 ) 

ts 8 2.5 x 105 5/14 (35) 1/9 (11 ) 

ts 9 7.5 x 105 0/11 (0 ) 1/11 (18) 

ts 10 2.5 x 105 0/13 ( 0 ) 0/9 (0 ) 

ts 11 4.2 x 105 1/12 ( 8 ) 0/12 ( 0 ) 

ts 12 5 x 105 + 0/14 ( 0 ) 1/14 ( 7 ) 

ts l3 6 x 105 + 2/14 (14) 0/14 (7) 

+ Assayed after dissociation of ganglia pooled from 
several mice thus no data available on individual mice. 

* Thymidine kinase negative at both the permissive and 
non-permissive temperatures. 
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Legend to Table 1: 

Three to four week old Biozzi (high antibody responder) 

mice were injected subcutaneously into the right rear 

footpad with 10 4 _10 6 pfu/mouse of HSV-1 wt, HSV-2 wt or 

one of five HSV-1 or thirteen HSV-2 ts mutants. At least 

three months after primary infection (when the mice were 

totally asymptomatic), the mice were killed using 

chloroform. Nine ipsilateral (one sacral, six lumber, 

two thoracic) and two contralateral dorsal root ganglia 

(DRG) were dissected out and exp1anted under aseptic 

conditions. In addition, footpad tissue from both the 

left and the right sides was also exp1anted from each 

mouse and cultured as organ culture in vitro at 31°C. In 

18 cases out of the total of 286, the exp1anted footpad 

became contaminated during culture and had to be 

discarded. Explant cultures of individual ganglia and 

footpad tissue were maintained in Eagle's minimum 

essential medium (Glasgow modified) supplemented 50% 

foetal calf serum, penicillin 100/units/m1, streptomycin 

100 ug/m1, gentamicin 25 ug/m1 and nystatin 25 units/m1. 

Released virus was detected by screening the supernatant 

on semi-confluent BHK cells grown in microtitre plates. 

The screening procedure was carried out daily for the 

exp1anted footpad cultures and twice weekly for DRG. 

Recovered viruses were screened for growth on C13 cells 

both at 31°C and 38.5°C (the permissive and 

non-permissive temperatures). A mouse in which either 

the footpad or any ganglion released infectious virus 

was scored as positive. The first screening always took 

place within 24 hours after exp1antation. 
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reported (Lofgren et al., 1977; Watson et al., 1980), but 

major differences distinguish the two experimental systems 

used: notably the route of inoculation, the mouse strain and 

the method of screening, though the same virus mutants were 

used in both studies. 

The distribution of ganglia from which HSV-2 was 

recovered differed between the latency positive mutants; wt, 

ts 1, ts 2 and ts 4 were recovered from a number of ganglia, 

while the other mutants were shed from only one or two 

ganglia innervating the footpad (Table 2). 

Our results suggest the following tentative conclusions: 

1. Non-recovery of HSV-1 ts G syn and HSV-2 ts 5 and ts 10 

from either site may indicate that these three mutants 

are deficient in functions necessary to establish or 

maintain latency in Biozzi mice or for successful 

reactivation following explantation. 

2. The recovery of HSV-2 mutants (ts 3, ts 9 and ts 12) and 

of HSV-l mutant ts K syn only from explanted footpads 

suggests that HSV can go latent in mouse tissues other 

than, and apparently independent of, the DRG. 

3. Recovery only from DRG of the HSV-1 mutants ts D syn, ts 

I syn, and ts F syn and HSV-2 mutants ts 11 and ts 13 

further supports the notion of independent states of 

latency in footpad and DRG. 

4. Only a minority of mice produced virus both from the 

footpad and from DRG following explantation, one 

infected with HSV-2 wt and one each with ts 4, ts 7 and 

ts 8. (In the case of HSV-1 wt, the ganglia from several 

mice were pooled and it is not possible to correlate 

release of virus from the DRG and footpads). This 

further supports the hypothesis that HSV-2 can produce 

latent infection independently at the two sites. 

5. The observed differences in recoverability of HSV-1 and 

HSV-2 ts mutants suggest that the genetic control of the 

ability of HSV to produce latent infection is not simple 

and involves several virus gene functions. It is 

relevant that some DNA positive and some DNA negative 
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mutants were shown to induce latent infection while 

others failed to do so (Table 1). 

With the exception of two isolates from mice inoculated 

with ts I, all the reactivants retained the ts phenotype 

which excludes reversion to wt as an explanation for their 

successful recovery from latency. We cannot rule out the 

possibility that some leakiness allowing replication may have 

occurred, particularly in the footpad which may not always 

have been at the mouse core temperature. Any leak-through 

would allow the mutant genes parial function and therefore 

could favour the establishment of latency. Thus some ts 

mutants with latency relevant function may have escaped 

detection. But the non-recovery of mutants ts G, ts 5 and ts 

10 strongly suggests that their functions are essential for 

the establishment of or reactivation from latency. 

We have recovered virus from the footpads of 16 HSV-1 

inoculated and 17 HSV-2 inoculated Biozzi mice which had been 

asymptomatic for at least three months. In the case of HSV-1 

mutant ts K and HSV-2 mutants ts 3, ts 9 and ts 12 virus has 

only been recovered from the footpad and not from the DRG. 

Scriba (1981) has reported the recovery of HSV-2 from footpad 

skin, but not the dorsal root ganglia of guinea-pigs infected 

with virus into the footpad 10 days after surgical 

denervation. Recovery of virus from the peripheral regions 

may be due either to reactivation of virus latent within 

nervous tissue which subsequently travels via a nerve to the 

peripheral site, or to the presence of virus over a long 

period in some cells at peripheral sites: although these two 

possibilities are not mutually exclusive. We think it most 

unlikely that the input virus could have persisted either as 

such or in a slowly replicating form during the three months 

or more between inoculation and dissection. Moreover we have 

never recovered virus directly from homogenates of the 

footpad immediately after such explantation. This includes 

four cases when we cut a footpad lengthwise in half and 

homogenised one half while explanting the other with 

subsequent sucessful reactivation. We are forced to conclude 



that the virus is capable of establishing a latent infection 

in the footpad and, as neural cell bodies have never been 

described as located in the footpad, it follows that HSV can 

become latent in cells of the mouse other than neurones. The 

difference in timing of reactivation from the footpad and 

dorsal root ganglia may be a reflection of this. However, at 

present we cannot exclude the possibility that mechanical 

trapping after reactivation but before release of virus from 

the footpad tissue contribute to the difference in timing. It 

does not seem very likely that trapping alone could lead to 

the large and consistent difference observed. 

Our overall conclusions are: 1) that HSV wt and HSV-2 

and some ts mutants can be recovered from the footpad of 

latently infected totally asymptomatic Biozzi mice. 

2) Recovery of virus from the footpad is apparently 

dose-dependent as suggested by the results using HSV-l wt 

(Table 1). 3) Both HSV-1 and HSV-2 can be recovered from the 

dorsal root ganglia. 4) HSV can establish latent infection in 

dorsal root ganglia and footpad independently and 5) the 

ability to go latent at these sites is affected by ts 

mutations in several different HSV genes. 

We wish to thank Miss N. Braidwood for her excellent 

technical assistance with this study. 
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ABSTRACT 
Epstein-Barr virus has been linked to infectious 

mononucleosis and to the neoplastic diseases nasopharyngeal 
carcinoma and Burkitt's lymphoma. The initial evidence for 
these relationships was derived from seroepidemiological 
studies. Since then other techniques such as nucleic acid 
hybridization with tumor material have confirmed these 
conclusions. Many studies from various groups have 
contributed data. Some of these do not seem to fit into a 
unifying concept - for example, EBV is a lymphotropic virus, 
but the NPC tumor cells, which carry EBV, are epithelial. 
From published data and experimental results obtained in our 
laboratory a hypothetical model for the interaction of EBV 
with its host - man - is developed. 

INTRODUCTION 
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Epstein-Barr virus (EBV) is a human lymphotropic (human 

herpesvirus 4). Its natural target cells are B-lymphocytes, 

and receptors for EBV have been demonstrated only on this 

cell type. The virus is the causative agent of infectious 

mononucleosis and is associated with African Burkitt's 

lymphoma, lymphoepithelial carcinoma of the nasopharynx, one 

of the most frequent tumors of man in certain areas of 

Southeast Asia, and fatal lymphoproliferative disorders in 

immunologically compromised individuals (for recent reviews 

see Henle and Henle, 1979; Wolf, H., 1981; Purtilo and Klein, 

1981). The virus has been shown to be oncogenic for marmosets 

(Miller et al., 1972) and is capable of transforming B-cells 

from humans and other primates in vitro (Diehl et al., 1969; 

Gerber et al., 1969). After primary infection the virus 

remains latent in B-lymphocytes of the peripheral blood for 

the remainder of the patient's life (Nilsson et al., 1971). 

Each of the disease states associated with EBV has a 

particular serological pattern (these are shown in Table 1; 

data are taken from Henle and Henle, 1979). 

EBV can be isolated from throat washings of apparently 

healthy persons who have had a previous EBV infection (Gerber 



76 

TABLE 1 Antibodies to EBV antigen. 

Disease VCA: IgG IgM IgA EA EBNA 

Normal adults + + 

Acute infection 
(early) ++ + + 

Chronic infection + + + + 

Reactivation + + + + 

NPC ++ + +(0) + 

BL ++ +(R) + 

et al., 1972). As shown in Table 1, these individuals have 

antibodies to EBV virus capsid antigen (VCA) and to the 

nuclear antigen (EBNA) but not to EBV early antigen (EA). 

These observations raise a number of questions which must be 

answered before we can understand the relationship between 

the virus and its host. 

1) What is the source of virus in the throat washings of 

apparently healthy persons and why do apparently normal 

individuals who shed virus have antibodies only to VCA 

and EBNA? 

2) How does the virus infect epithelial cells which 

apparently lack receptors for the virus? 

3) How does the virus persist in cells lifelong and what 

are the molecular mechanisms underlying the regulated 

expression of EBV? 

4) Can we develop a model including all observations 

described so far which could explain the uneven risk for 

NPC by taking into account additional parameters? 

RESULTS 

1) It might have been predicted that the EBV carrying 

lymphocytes in the oropharynx which escaped host control 

mechanisms would have been the source of the virus which 

can be obtained from healthy individuals. Studies of 

others (Morgan et al., 1979) indicated that EBV could be 

isolated from saliva collected from Stenson's duct. 
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Studies by us on parotid salivary gland tissue (Wolf et 

al., 1981a,b) have suggested that the cells which 

surround or are present in the lumen of the ducts of 

this gland are capable of supporting a productive cycle 

of EBV replication (Fig.la,b). Production of EBV in 

salivary duct cells could also explain the absence of 

certain EBV specific serum antibodies in normal adults 

(see also discussion). Searches of other tissues of the 

oropharynx (e.g. tonsils from healthy individuals 

Fig.lc) proved negative as no productively infected cell 

could be found using in situ hybridization techniques. 

In situ hybridization studies using tonsillar carcinoma 

Fig. I In situ DNA-DNA hybridization of cryosections 
of a,b) normal parotid gland, c) normal tonsil, d) 
non-keratinizing tonsillar carcinoma. Cloned EBV DNA 
which was labelled in vitro with 32P-orthophosphate by 
nick translation waS-used as a probe (see Wolf et al., 
1981b for methodology). Note that the producing cells 
(arrow) in the parotis surround, or are present in, the 
ducts (a+b), that the normal tonsil is EBV genome free 
(c) and that the tonsillar carcinoma contains EBV 
carrying cells (arrow) (d). 
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(T.C.) tissue, however, showed that 25% of the specimens 

so far tested carried EBV in the epithelial cells 

(Fig.1d). This situation resembles somewhat that seen 

with Marek's disease virus, where the transformed cells 

are T-cells but the lytic expression of the virus occurs 

in the germinative epithelium of the feather follicle 

(Calnek and Hitchner, 1969). 

2) To date receptors for EBV have been demonstrated only on 

B lymphocytes (Jondal and Klein, 1973; Wolf,H., 

unpublished observations) and no other normal 

nonmalignant cell type. How then does the virus enter 

such cells and persist within them? Initially 

microinjection of EBV DNA into a wide variety of 

receptor negative cells (Graesmann et al., 1980) and 

later transfection with EBV DNA using the calcium 

phosphate co-precipitation technique (Stoerker et al., 

1981; Miller et al., 1981) and the implantation of 

receptor into the membranes of receptor negative cells 

(Volsky et al., 1981) have been used to demonstrate that 

once EBV overcomes the barrier to penetration, normal 

expression of the virus can occur although synthesis of 

EBNA was not observed when only lytic expression was 

induced. It was proposed some time ago that syncitium 

inducing viruses such as paramyxovirus might induce 

fusion between lymphocytes and epithelial cells, thus 

allowing the virus to gain access to such cells. Since 

then we have demonstrated that EBV itself can induce 

fusion. When densely packed monolayers of lymphoblastoid 

cells (Bayliss and Wolf, 1981a) were infected with EBV 

derived from the EBV producing cell line P3HR1, we 

observed the formation of polykaryocytes. Further 

studies in which we prepared mixed monolayers containing 

both receptor positive (Raji) cells and receptor 

negative cells (human fibroblasts, epithelioid cells or 

T-lymphoblastoid cells) showed that an infected, EBV 

expressing B-Iymphoblastoid cell was capable of fusing 

with a non-infected receptor negative cell. The 
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involvement of the receptor negative cell line in the 

fusion event was clearly demonstrated when human 

T-Iymphoblasts were used in the mixed cultures, since we 

could show the presence of T-cell specific antigens on 

the surface of the polykaryocytes (Bayliss and Wolf, 

1980). A close cell to cell contact as it occurs in 

monolayers is necessary for the development of 

polykaryocytes. The viral nature of the fusion event and 

the mechanisms involved have been studied in detail 

using chemical activation of latent genomes and various 

metabolic inhibitors. It was shown that an early viral 

protein was responsible for the fusion event (Bayliss 

and Wolf, 1981b). More recent experiments (Fig.2) have 

further substantiated the viral origin of the fusion 

inducing protein(s). Purified EBV DNA was transfected 

into unrelated cells (NIH 3T3 cells). In addition to the 

synthesis of EBV EA, fusion of the transfected cells was 

also observed. Further studies with this technique using 

cloned fragments of the EBV genome should permit the 

mapping of genets) encoding the fusion protein(s) on the 

EBV genome. 

Fig. 2 The formation of polykaryocytes in NIH 3T3 
cells transfected with EBV DNA. EBV DNA was purified 
from virions isolated from cultures of P3HR1 cells. 10 
~g EBV DNA was mixed with 10 ~g of NIH 3T3 cell DNA as 
carrier and co-precipitated with calcium phosphate 
(according to Graham and van der Ebb, 1973). The 
precipitate was added to the indicator cells and after 
4 h at 37°C the cultures were washed and refed. 24 h 
later the cultures were photographed using a phase 
contrast photomicroscope. Note the presence of many 
nuclei in the polykaryocyte. 
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3) Very little is known at the molecular level of the 

mechanisms which regulate the response of the cell to 

infection with EBV. As far as we know, all EBV carrying 

cell lines express a single viral antigen - EBNA. This 

protein could be a repressor protein which prevents 
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Fig. 3 A summary of the published data on control of 
EBV protein synthesis (taken from Bayliss and Wolf, 
1981c; Bayliss and Wolf,1982). Synthesis of proteins in 
EBV-super-infected Raji cells. Raji cells were 
superinfected with EBV derived from P3HR1 cultures and 
pulse labelled with 35S-methionine at various times 
after infection (the starting times in h for the 30-min 
pulses are given above the tracks; approximate molecular 
masses are given in kilodaltons at the side of the gel) 
In a series of similar experiments various metabolic 
inhibitors were added at the time of infection and the 
cells were labelled at 12-16 h after infection. Solid 
lines on the right indicate protein synthesis in the 
presence of the inhibitor named in the column heading. 
PAA, phosphonoacetic acid at 200 ug/ml; HU, hydroxyurea 
at 4 mg/ml; ara C, cytosine arabinonucleoside at 50 
ug/ml; Azet, azetidine at 500 ug/ml; Can + Arg, 
canavanine at 500 ug/ml in normal arginine-containing 
medium; and Ca, canavanine at 500 ug/ml in arginine-free 
medium. The clumn headed "Total" indicates the spectrum 
of proteins seen in uninhibited infected Raji cells. The 
150-kilodalton protein is synthesized in cultures 
treated with phosphonoacetic acid or hydroxyurea but not 
in cultures treated with cytosine arabinonucleoside; the 
80- and 63-kilodalton proteins can be identified in 
extracts of canavanine-treated cells only after 
immunoprecipitation because they are relatively poorly 
synthesized under these conditions. 
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lytic expression. If EBV-carrying cell lines are 

infected with a sufficiently high multiplicity, a lytic 

cycle will occur (Bayliss and Wolf, 1981c) with the 

synthesis of at least 30 virus induced or specific 

proteins. These proteins can be divided into 3 groups 

according to their kinetics of synthesis, response to 

inhibition of DNA synthesis, and requirement for 

virus-specified factors. These data are summarized in 

Fig.3. Do these observations have ony relevance to 

regulated expression of EBV during the stepwise 

induction of a lytic cycle by the virus in the absence 

of inhibitors? The experiment shown in Fig. 4 indicates 

that this is the case. If Raji cells are infected with 

decreasing amounts of virus, t~n the intermediate and 

late proteins are no longer synthesized at a certain cut 

off value. 

Fig. 4 Raji cells were superinfected with various 
dilutions of a stock of P3HR1 EBV; 12, i4 and 36 h post 
infection the infected cells were labelled for 4 h with 
35S-methionine, extracts of the cells were subjected to 
immune precipitation and the precipitates analyzed on 
SOS-polyacrylamide gels (for methodology see Bayliss and 
Wolf, 1981c). At dilutions of 1:5 or 1:10 the same 
spectrum of viral proteins is induced as with the 
concentrated (c) virus stock. At dilutions of 1:50 or 
lower a very limited spectrum of proteins can be 
identified. 
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However, a certain subset of the early antigen complex 

is made and it is the same subset as that obta ined by 

chemically induced Raji cells. Similar observations have 

been made using an EBV genome negative cell line (BJA). 

Immunoprecipitation of EBV proteins allows further 

characterization and a linkage to serological data. 

These data (Fig. 5) show also that proteins of the EA 

complex are synthesized in considerable amounts during 

the replication of EBVi yet normal adults do not have 

antibodies against these proteins even if they shed 

virus. 
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Fig. 5 An analysis of EBV specified polypeptides by 
immunoprecipitation using sera having different 
reactivities to EBV specified antigens. ND is a serum 
free of EBV antibodies. 6966 and 84 63 have high trters 
against VCA but not EA, serum 7070 has high titers 
against both VCA and EA. Proteins 138, 88, 45, 40, 38, 
37 are only pecitpitated by the EA positive sera. These 
results are representative for a much larger panel of 
sera which we have tested. 

In an attempt to further substantiate the viral nature 

of the polypeptides and to map the genes on the viral 

genome which is essential for detailed studies on the 

molecular basis for the regulation of viral gene 

expression we selected mRNA from 
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a producer cell line (P3/HR1) by hybridization to cloned 

EBV DNA fragments. This mRNA was then translated in 

vitro using a rabbit reticulocyte translation system 

(NEN). With this technique we were able to identify 22 

proteins as EBV specific and have mapped their positions 

on the EBV genome. These data are summarized in Fig. 6. 
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Fig. 6 A) In vitro translation of EBV specific mRNA. 
EBV DNA fragments cloned in Charon 4a (Buell et al., 
1981) or pBR322 (a gift from D.Hayward) were used to 
select virus specified mRNA from virus producing cells 
(P3HR1) by hybridization. The selected mRNAs were 
translated in vitro using the rabbit reticulocyte 
system. After translation the synthesized proteins were 
analyzed by immune precipitation and SDS gel analysis. 

One interesting observation which awaits 

explanation is that if mRNA from EBV genome negative 

cells (BJA-B) is selected using EBV DNA, a mRNA is 

obtained which hybridizes to the region spanning 61-72 

map units of the EBV genome. This RNA can be translated 

in vitro to yield a polypeptide of 85,000 mol.wt. This 

region of the EBV genome is known to hybridize to 

cellular DNA under stringent conditions and may 

represent cellular sequences which have been 

incorporated into the viral genome during the course of 

evolution. 
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Fig. 6 B) A schematic representation of the data 
presented in panel A and additional data obtained by 
using cloned Bam HI-fragments of EBV (Skare and 
Strominger, 1980). The coding regions for the 22 
polypeptides (labelled with their molecular weights in 
kilodaltons) are illustrated. As pp 143, 41, 84, 90, 
150, 110, 138 were only characterized by Charon clones, 
their map positions were not as precisely defined. 

4) A model has been developed which attempts to include the 

available data and should be useful to predict certain 

events or measurable parameters and to design further 

experiments, thus allowing the hypothesis to be further 

tested. For explanation of the model see legend Fig. 7 

and discussion. 

DISCUSSION 

As suggested in Fig. 7, EBV will infect B lymphocytes 

during acute or primary infection, and due to the lack of 

immune response the cells will enter into the lytic cycle and 

produce a full set of viral antigens (Fig. 6). It seems 

probable that not all B-lymphocytes are capable of supporting 

a fully lytic infection due to a cellular factor which 

prevents expression of EBV (block 1) and these will be 

selected for and go on to become the cells which carry EBV 

specified antigens, antibodies will be developed against EA, 

VCA and EBNA (Table 1). As the immune defense mechanisms of 

the body remove the lytically infected cells from the 

circulation (block 2), the antibody levels will start to fall 
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Fig. 7 The scheme summarizes the suggested biological 
effects of EBV described in the text. Block 1 and 2 
inhibit the lytic expression of EBV, block 3 suppresses 
the proliferation of EBV genome containing lymphoid 
cells in the periphery. Block 1: Block at cellular level 
(endogenous block). Evidence: only a certain percentage 
of cells from cloned cell lines produces virus. This 
block is responsible for poor production of virus. Block 
2: Block from the outside (exogenous block, 
immunological control?). Evidence: in peripheral blood 
from patients with infectious mononucleosis, in fresh BL 
or NPC biopsies no viral particles can be found. After 
explantation into tissue culture a few cells start to 
produce virus. EBV :activated EBV genes; EBV 
receptors; virus specific membrane changes. 

during the convalescent phase. After a certain period 

antibodies to the early antigens disappear. However, as 

mentioned above, EBV is produced in the parotid gland. The 

viral particles and intracellular virus associated antigens 

including EA will be shed into the saliva and reach the 

oropharynx. Here the viral particles (but not EA) could bind 

to the B-Iymphocytes and be presented to the body as 

antigens, thus maintaining the antibody titers to VCA; EA, 

however, cannot bind to the lymphocytes and will be degraded 
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by proteases and not be available to the body as antigens. On 

the other hand, the circulating lymphocytes which carry EBV 

latently contain EBNA and as far as we know no other EBV 

specified protein. These lymphocytes will be subject to the 

normal turnover processes, and as they die, EBNA will be 

released into the blood stream and thus antibodies to this 

antigen will persist. Thus normal convalescent sera will have 

low level IgG anti-VCA and anti-EBNA antibodies (Table 1). If 

immunosuppresion occurs, either because of other disease 

(e.g. Hodgkins's disease) or due to immunosuppressive 

therapy, some of the circulating peripheral blood lymphocytes 

(PBLs) will escape the normally tight control mechanism and 

enter into a cycle of virus replication, causing a secondary 

increase in the titers to EA, VCA and EBNA. The very strong 

block 3 (see Fig. 7) may, under rare circumstances, be 

ineffective and allow the clonal selection of a cell which 

differs in its antigenic makeup. This may be true of the 

factors which lead to the development of Burkitt's lymphoma. 

Environmental mutagens (Birnboim, 1982) and unspecific 

"mitogens" (Malaria) (Burkitt, 1969) which facilitate clonal 

selection through proliferation may favour this event. 

Specific karyotypes in the selected clones (Manolova et al., 

1979) may correlate to the altered antigenic makeup of these 

cells. A different view of the steps involved in the 

development of Burkitt's lymphoma has been published by Klein 

(1979) . 

Specific genetic constellations (XLP) or acquired 

conditions (immunesuppressed transplant recipients) determine 

a reduced efficiency of block 3 (cellular response to 

proliferating cells). Therefore the selective pressure on 

peripheral B-lymphocytes (which already have a potential for 

unlimited growth by virtue of the resident EBV genomes) may 

be weaker. Under less stringent selective pressure more cells 

may favour initial proliferation and facilitate the selection 

of cell clones. A specific cytogenetic error (Purtilo, 1980) 

may occur under therapy and may induce a change from 

polyclonality to monoclonality. 
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A close contact between epithelial cells and 

B-Iymphocytes, which may carry EBV genome, has been descirbed 

for the lymphoepithelial ring of the throat (Waldeyer's 

ring). This unique tissue may provide the necessary 

conditions for EBV-induced fusion between the two cell types, 

thus unabling the EBV genome to enter the epithelial cell. If 

this hypothesis is true, the EBV should be associated with 

other tumors which arise within this tissue. Studies of 

patients with non-keratinizing carcinomas arising in 

Waldeyer's ring show in several cases a serological picture 

similar to that seen in NPC (Table 2). This prompted us to 

look for the presence of EBV genomes in such tumors by in 

situ hybridization with cloned EBV DNA. So far we have 

detected EBV DNA in two poorly differentiated tonsillar 

carcinomas (T.C.) (see Fig. ld). The major difference between 

T.C. and NPC is that only 25% of the limited number of T.Cs 

so far tested were serologically related to EBV, whereas 100% 

of the NPCs are EBV genome positive; at the moment we cannot 

explain these findings. This proposal would be in good 

agreement with the proffered model. 

Table 2 EBV antibodies in patients with carcinomas located i.n Waldeyer's Ring 

Tonsillar carcinoma 

Name Date of IgA,(VCA) IgG(VCA) IgA(EA) EBNA histologic type 
birth 

W.M· i 02.02.02 1:32 1:1024 neg. 1:16 lym~hoepithelial Ca 
M.M. 06.09.16 1:256 1:4000 neg. 1 :32 lymphoepithelial Ca 
B.M. 11.06.39 1: 16 1: 128 poorly differen-

tiated cell Ca 
P.O. 19.12.25 1:160 1 :512 neg. unsp. undifferentiated Ca' 
H.M. 21.08.32 1:32 1 :64 neg. 1 :4 lymphoepithelial Ca 

Carcinomas of the tongue 

W.~1. 08.01.34 1:32 1:1024 neg. 1:64 undifferentiated Ca 
G.H. I 02.11.09 1:16 1:128 neg. 1 :8 lymphoepithelial Ca 
S.J. 29.03 .25 1 :64 1:2048 neg. 1: 128 undifferentiated Ca 

Carcinomas of the gum 

O.M. 31.9~.21 1: 16 1:1024 1: 4 1:16 lymphoepithelial Ca 
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Ito observed that certain plant extracts could induce 

latent EBV and somehow increase the risk for NPC (Ito et al., 

1981). Croton oil was one of the first suspected medicaments. 

However, it is highly irritant and is used only under close 

medical supervision and is therefore unlikely to be a NPC 

related risk factor. More recently both Ito and Zeng Yi 

(personal communication) have tested altogether over 500 

different extracts from 100 plant families and found that 20 

of them were capable of activating latent EBV. Some of the 

extracts were active in the aqueous form and thus open the 

possbility that traditional Chinese herbal medicines, often 

applied as teas, may contain EBV-inducing principles. One 

difference in the EBV serology of the populations with low 

and high risk for NPC development is that in high risk areas 

the level of antibody to EBV antigens remains high throughout 

life when compared to low risk populations (Zeng Yi, personal 

communication). Thus EBV activating substances could 

continually stimulate the latently infected B-cells to enter 

into a lytic cycle (explaining the consistently high antibody 

titers). If follow-up studies could demonstrate a match 

between the areas with high risk for NPC and the use of the 

discussed plant extracts, a multifactorial causation of NPC 

would be further substantiated. 
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ABSTRACT 
The study of the pathogenicity of different isolates of 

Tupaia herpesvirus in its indigenous host, marmosets, and ro­
dents, revealed that intravenous administration of this virus 
led to the death of infected juvenile Tupaias only. The 
clinical picture was manifested by a generalized virus 
infection predominantly inflammatory, hemorrhagic, and with 
necrosis of the lungs. In contrast, the majority of the 
intraperitoneally inoculated tree shrews survived the 
infection. The state of latency of differnt Tupaia herpesvirus 
isolates was investigated in vivo using rodents, Tupaias and 
marmosets. It was found that Tupaia herpesviruses persist only 
in the spleens of Tupaia and New Zealand rabbits infected 
previously with different Tupaia herpesvirus isolates. The 
identification of the viruses recovered from the spleens of 
Tupaia and rabbits by genomic analysis of DNAs revealed no 
alteration as compared to the original inoculum. 

INTRODUCTION 

Tupaia (the tree shrew), a member of the family Tupaiidae, 

is regarded as one of the most primitive prosimians bridging 

the gap between insectivores and primates. The first discovery 

of herpesvirus-like particles in tree shrews (THV isolate no.l) 

was reported in 1970 by Mirkovic et al. from Melnick's 

laboratory; this was isolated from a degenerating lung tissue 

culture from an apparently healthy animal. Our laboratory has 

been intensively involved in investigating the virological 

aspects of tree shrews and has succeeded in isolating five 

further isolates (THV no. 2 to 6) from different individual 

animals. The transmissibility and pathway mechanisms for the 

persistence of latent virus in tree shrews is of special 

importance since THV-l to 4 were isolated from imported animals 

and THV-5 and 6, which are similar, or identical, to THV-4, 

were isolated from animals bred in captivity (F2 and F8 

generation). These studies are subject of this review. 

History of tree shrew herpesvirus 

The data on the isolation of the different strains of 
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Tupaia herpesvirus are summarized in Table 1. 

TABLE 1 History of different Tupaia herpesvirus isolates 

Isolate/ 
strain 

isolate 1 
strain: 1 

isolate 2 
strain: 2 

isolate 3 
strain: 3 

isolate 4 
strain: 4 

isolate 5 
strain: 4 

isolate 6 
strain: 4 

Age of animal 

?* 

8 years* 

9 years* 

11 years* 

7 years** 

4 years*** 

* imported animals 

Source 

degenerating lung tissue 
culture from an apparently 
healthy tree shrew; Mirkovic 
et al. (1970). 

degenerating cell culture 
from a malignant lymphoma 
of a moribund tree shrew; 
Darai et al. (1979). 

degenerating cell culture 
from a Hodgkin's sarcoma of 
a moribund tree shrew; Darai 
et al. (1979 and 1980). 

degenerating cell culture 
from spleen of a moribund 
tree shrew; Darai et al. 
( 19 81 and 1982). 

degenerating cell culture 
from spleen of a healthy 
tree shrew; Darai et al. 
(1983) • 

degenerating cell culture 
from spleen of a healthy 
tree shrew; Darai (1981, 
unpublished). 

** 

*** 

second breeding generation (F2) in captivity 

eighth breeding generation (F8) in captivity 

Biological properties of tree shrew herpesvirus 

The morphology of the different Tupaia herpesvirus 

isolates was investigated using the electron microscope 

(McCombs et al., 1971; Darai et al., 1979, 1980, 1982). The 
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intra- and/or extracellular herpesvirus structure was observed 

in infected cells. Naked virus capsids of about 100 nm diameter 

were measured. Some of the envelope particles contained several 

virus capsids in agreement with the first description of THV-l 

by McCombs et al. in 1971. The diameter of the envelope ranged 

between 200 and 350 nm. 

For determination of host range and virus growth a variety 

of cell cultures from different species were screened for their 

susceptibility to different THV isolates. It was found that the 

cells of choice for the propagation and plaque assay of THV 

isolates are Tupaia embryonic and/or baby fibroblasts. The 
7 7 -1 maximum infectivity (lx10 to 5x10 p.f.u. x ml ) was reached 

5 days after infection as described previously (Darai et al., 

1979, 1982). In contrast, all other cell cultures, except 

primary rabbit kidney cells (5x105 p.f.u. x ml- 1 ), human 

embryonic fibroblasts (2.5x103 p.f.u. x ml- 1 ), and marmoset 

skin fibroblasts (2x102 p.f.u. x ml- 1 ) , showed no cytopathic 

effect (c.p.e.) during a six-week observation period. The non­

susceptible cell cultures tested were as follows: primary 

monkey kidney cells (Cercopithecus aethiops), African green 

monkey kidney cells (Vero, CV-1) , dog kidney cells (NBL-2), dog 

thymus cells (Fcf2th), rat embryonic fibroblasts, hamster 

embryonic fibroblasts, mouse embryonic fibroblasts, and chicken 

embryonic fibroblasts. 

Physical properties of Tupaia herpesvirus DNA 

A precise determination of the buoyant density of THV-DNA 

by analytical ultracentrifugation gave a value of = 1.724 g x 
-1 ml corresponding to a GOC content of 65.4%. The other value 

was determined from the ultraviolet absorbance-temperature 

profile of the DNA. The virual DNAs were cleaved with different 

restriction endonucleases, and the cleavage sites of different 

restriction enzymes on THV DNA of strains 1 to 6 were 

determined. The DNA cleavage pattern of THV strains 1 to 6 

after digestion with the restriction enzyme Hind III (A/AGCTT) 

are given in Figure 1 and with Eco RI (G/AATTC) in Figure 2; 

the data for THV strains 1 to 4 after digestion with the 
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1234567 

Fig.1 Hind III cleavage 
pattern of DNAs of Tupaia 
herpesviruses 1 to 6; 
lanes: 1 = lambda DNA 
cleaved with Hind III 
and served as internal 
marker, 2 = THV-1, 3 = 
THV-2, 4 = THV-3, 5 = 
THV-4, 6 = THV-5, and 
7 = THV-6. Agarose slab 
gel electorphoresis 
(0.5% agarose). 

1234567 

Fig.2 Eco RI cleavage 
pattern of DNAs of 
Tupaia herpesviruses 
1 to 6; lanes: 1 = 
lambda NDA cleaved 
with Eco RI and served 
as internal marker, 2 
THV-1, 3 = THV-2, 4 = 
THV-3, 5 = THV-4, 6 = 
THV-5, and 7 = THV-6. 
Agarose slab gel 
electrophoresis (0.5% 
agarose) • 

restriction enzyme Bam HI (G/GATCC) are shown in Figure 3. 

These analyses demonstrate clearly that THy-1 to 4 can be 

distinguished from each other. The cleavage patterns of THV-4 

and 5 show only minor differences, for example the Hind III 

fragment H of THV-4 is not present in the cleavage pattern of 

the THV-5 isolate with the same enzyme. This indicates that 

THV-4 and 5 must be similar, and the subtile differences are 

due to strain variations between both isolates (Darai et al., 

1983). The physical map of HSV-2 was constructed using Hind III 

and Eco RI restriction endonucleases. 



Fig. 3 Bam HI cleavage pattern of DNAs of'Tupaia 
herpesviruses 1 to 4 and a recombinant no. R26 of two 
different isolates (THV-2/THV-3) which was generated in 
vitro as described previously (Darai et a1., 1981a)i 
lanes: 1 = lambda DNA cleaved with Hind III and lane 7 = 
with Bam HI served as marker, 2 = THV-1, 3 = THV-2, 4 
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R26 generated in vitro between THV-2/THV-3, 5 = THV-3 and 
6 = THV-4.Agarose slab gel electrophoresis (0.8% 
agarose) . 

The molecular weights of the THV DNAs were determined by 

electron-microscopic measurement of the contour length, which 

resulted in a value of about 130 Megadaltons for THV-1 to 4 
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(Darai et al., 1981). Single-stranded THV DNA was prepared for 

electron-microscopy by heating the viral DNA in formamide and 

isolating the single-strands from agarose gel (Koller et al., 

1978). It was found that single-stranded THV DNA does not 

display any extended stem-loop structures. Thus the st-ructure 

of THV genomes seems to be unique when compared to the DNAs of 

other known herpesviruses from other species. 

Sequence homologies of the DNAs of THV-1 to 4 were deter­

mined using blot hybridization experiments between DNAs of THV-

1 to 4. 

Virion polypeptides of tree shrew herpesvirus 

The virion polypeptides of the different isolates of the 

Tupaia herpesvirus were analysed by SDS-polyacrylamide slab gel 

electrophoresis and by isoelectric focusing. The viral proteins 

from either non-rad~oactive or 35S-methionine-labeled virions 

formed distinct patterns of at least 35 polypeptides ranging in 

molecular weight from 12.000 to 230.000. Whilst the majority of 

the analogous polypeptides of these viruses were of 

indistinguishable electrophoretic mobility, some (e.g. 

polypeptides of 82 to 84 K) showed small differences in 

apparent molecular weight which were characteristic of the 

virus strain (Faissner et al., 1982). The two-dimensional 

electropherograms revealed at least 47 discernible protein 

spots some of which were specific for a given THV isolate and 

which were detectable even in lysates of THV-infected cells. In 

addition five glycoproteins were found in purified THV virions 

(Faissner et al., 1982; Flligel et al., 1983). 

A protein kinase activity was found to be associated with 

tree shrew (Tupaia) herpesvirus. The protein kinase was 

characterized with respect to its requirements for enzymatic 

activity (Flligel and Darai, 1982). 

A new thymidine kinase activity is present in Tupaia baby 

fibroblast cells infected with the tree shrew herpesvirus (THV, 

isolate 2) (Flligel and Darai, 1982a). 
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Pathogenicity of tree shrew herpesvirus 

The pathogenicity of different Tupaia herpesvirus isolates 

was investigated in vivo using rodents, Tupaias, and marmosets. 

Clinical disease did not develop in rats, mice, hamsters, and 

marmosets. In contrast it was found that the different THV 

isolates (THV-l to 4) are highly pathogenic for juvenile tree 

shrews when the animals were inoculated intravenously. However, 

the majority of intraperitoneally inoculated animals survived 

the infection. The clinical picture was manifested as 

inflammatory haemmorhagic necrosis of the lungs and generalized 

herpes infection as described previously (Darai et al., 1982, 

1983). Death occurred on the 4th to 8th day after inoculation. 

The tissues and whole blood of these animals were titrated for 

the determination of the virus yield in different organs using 

a plaque assay (Darai et al., 1979, 1982). The results indicate 

that the main organs for the propagation of the Tupaia 

herpesviruses are lung, spleen, and liver. 

In addition it was found that isolate 2 induced malignant 

lymphoma in its indigenous host. The first tumour developed 

three and a half years after administration. Infectious virus 

was recovered after culturing the tumour cells in tissue 

culture. The examination of the genome structure of the 

recovered virus which was performed using restriction enzyme 

analysis of the virion DNA resulted in the same cleavage 

pattern as the DNA of the THV, which had been inoculated three 

and a half years earlier (Darai et al., 1983, 1983a). Parallel 

to this observation it was found that THV-2 and 3 are capable 

of inducing hyperplasia of the thymus in rabbits, and when 

newborn animals were inoculated with THV-2 and 3, they 

developed malignant thymoma in a few (8%) cases (Darai et al., 

1980, 1983, 1983a). 

The state of viral latency 

Latency of different isolates of tree shrew herpesvirus 

was studied in a variety of laboratory animals and in its in­

digenous host. It was found that those juvenile tree shrews 

which survived the THV infection (administered 
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intraperitoneally) are carriers of persisting virus. Infectious 

viruses were recovered from the cultured spleens of these 

animals only. For this study previously infected animals were 

sacrificed and/or splenectomized between 1 and 3 days after 

inoculation. 

Similar results were obtained using New Zealand rabbits 

which were inoculated with THV isolates 1 to 4. Infectious 

viruses were recovered only from the spleen of those animals 

which were sacrificed several months and/or years post 

infection. The cultured spleen cells of these animals developed 

cytopathic lesions and released infectious viruses which led to 

total cell lysis of the spleen cell cultures (Darai et al., 

1981b, 1982, 1983). The identification of such recovered 

viruses from the spleens of Tupaias and rabbits by genomic 

analysis of the DNA of reisolated viruses was performed using 

restriction enzyme analysis of the viral DNA. Alterations were 

not detectable when the cleavage pattern of the viral DNA of 

the recovered viruses was compared to its original inoculum. In 

cotrast, latent infectious viruses were not recovered from 

infected mice, rats, hamsters, and marmosets which were 

sacrificed months after the administration of THV-1 to 4, 

although a variety of specimens including blood, kidney, 

thymus, and spleen were tested. 

CONCLUSION 

Four strains of Tupaia herpesvirus have been classified 

from six isolates of different individual animals. With the 

exception of isolate no. 1 (strain 1) (Mirkovic et al., 1970) 

all other isolates were obtained from lymphatic tissues of tree 

shrews. Isolate no. 2 (strain 2) and isolate no. 3 (strain 3) 

were isolated from spontaneously developed lymphatic tumours of 

tree shrew (Darai et al., 1979, 1980, 1982ai Hofmann et al., 

1981). Isolates no. 4, 5, and 6 (strain 4) were obtained from 

cultured spleen cells of three different tree shrews (Table 1). 

The history, and the origin of the detection of all these 

isolates indicate that the tree shrew herpesviruses (strain 1 

to 4) persist as latent viruses in tree shrews. This state of 
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viral latency can also be established experimentally in tree 

shrews using these four virus strains. 
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A number of herpesviruses have been isolated from 

different animal species including primates, and according to 

their biological properties they have been classified into 

three subfamilies, namely Alpha, Beta, and Gammaherpesvirinae 

(Roizman et al., 1981). Classification of herpesviridae using 

the properties of their genomes resulted in the grouping of 

different well investigated herpesviruses into groups A, B, C, 

D, and E (Roizman et al., 1981). The detailed analysis of 

Tupaia herpesvirus strains 1 to 4 as described above and 

summarized in Table 2 does not allow the assignment of the 

Tupaia herpesviruses to anyone of the three known herpesvirus 

subfamilies, or to the groups A to E. At this stage of 

investigation it seems appropriate to emphasize that Tupaia 

herpesviruses constitute the first members of a new herpesvirus 

subgroup. 
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Herpesvirus ~ saimiri and H.ateles are highly oncogenic 
in various non-human primates and in rabbits, causing rapidly 
progressing maligmant T-cell lymphomas upon experimental 
infection. Cell lines derived from virus-induced tumors and in 
vitro transformed lymphoid cells contain non-integrated 
circular viral DNA in high multiplicity. Persisting viral DNA 
molecules of cell lines that do not produce infectious virus 
are highly methylated in the unique L-DNA and repetitive (H) 
DNA sequences. Partial denaturation mapping has shown that some 
DNA circles contain duplications of L-DNA segments; however all 
non-producer cell lines investigated so far have L-DNA segments 
that are considerably shorter than the L-DNA region of virion 
DNA (110 kbp). The deletions in the circular molecules of 
H.saimiri transformed cells were mapped by hybridizations with 
cloned probes of virion L-DNA. In the circular DNA of two cell 
lines derived from virus induced marmoset lymphomas (1670, 
70N2), a 20 kbp segment of L-DNA is missing which corresponds 
to the virion L-DNA between map coordinates 0,52 and 0,70. The 
rabbit tumor cell line 7710 bears an L-DNA deletion of about 30 
kbp (L-DNA map units 0.23 to 0.50). Two sublines of the in 
vitro immortalized H1591 cells were investigated. The circular 
DNA of one line is missing about 42 kbp of virion DNA; in the 
circles of the other H1591 subline at least 47% of the viral 
genetic information was found to be absent. The L-DNA missing 
in the circular viral genomes could not be found in the linear 
fraction of each cellular DNA at the sensitivity level where 
0.5 single copy gene/cell would have been clearly detected. 
Apparently, an internal L-DNA stretch of at least 63 kbp, 
representing 56% of the total viral genetic information, does 
not code for viral gene functions that would be consistently 
required to guarantee continuous extrachromosomal persistence 
or to maintain the state of growth transformation in lymphoid 
cells. The high amount of persisting viral DNA stands in 
remarkable contrast to low concentration of viral RNA and 
virus-coded proteins. The Herpesvirus ateles-associated nuclear 
antigen (HATNA) was detected in transformed lymphoid cells with 
very high genome copy number; but no trace of viral protein 
synthesis was found in other non-producer cell lines. 
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ABSTRACT 
Herpesvirus saimiri-induced cell proteins and structural 

~roteins labelled with 35S-methionine, 32P-orthophosphate and 
4C-Glucosamine respectively were analysed after 

electrophoresis in SDS-polyacrylamide gels. Early proteins 
were accumulated by the use of amino acid analogues. 
Thirty-one virus-induced polypeptides were identified, 7 of 
these were found to be glyco- and six to be phosphoproteins. 
Twenty-one of the H.saimiri-induced cellular proteins were 
localized on the virion. By surface iodination, five of these 
were located at the envelope and four at the capsid. 
Immunoprecipitation with various sera from natural and 
experimental hosts revealed antibodies to a specific subset 
of viral proteins in tumor-developing animals. Other antibody 
species were identical to those found in the natural host, 
whereas a further subset was characteristic only for the 
natural host with its characteristic subclinical infection. 
Using labelled proteins from Herpesvirus saimiri 11 
(H.saimiri 11) and the attenuated strain H.saimiri 11 att 
respectively, a diference was shown after precipitation with 
a serum raised against infected cell proteins of H.saimiri 
11. 

INTRODUCTION 

Herpesvirus saimiri, an endogenous virus of squirrel 

monkey (Saimiri sciureus) populations (Melendez et al., 1968, 

1969) is highly tumorigenic in a variety of experimental 

hosts, especially in marmosets of the genus Saguinus 

(S.oedipus, S.nigricollis, S.fuscicollis) (Deinhardt et al., 

1974), owl monkeys (Aotus trivirgatus) (Hunt et al., 1970, 

Melendez et al., 1971) and New Zealand white rabbits (Daniel 

et al., 1974, 1975; Rangan et al., 1976). All these animals 

develop a fatal, rapidly proliferating neoplastic disease 

with lymphoma in the local and systemic lymph nodes with or 

without peripheral lymphoblastic leukemia. Especially the 

organs of the reticuloendothelial system show massive 

infiltrations with lymphoid cells following virus infection. 

In contrast to marmoset monkeys, where the incidence of 

neoplastic disease is 100%, the appearance of tumors in owl 
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monkeys is often delayed and about 20% of the animals do not 

develop tumors. H.saimiri infected New Zealand white rabbits 

show a disease pattern similar to that of primates; the 

incidence of tumors after infection varies between 20 and 75% 

in different studies. 

Squirrel monkeys, the natural hosts, are lifelong virus 

carriers following inapparent infection early in life. Virus 

can be isolated from lymphocytes after cocultivation with 

susceptible cells; there is no evidence that virus is 

produced in peripheral lymphocytes, suggesting a biological 

behaviour similar to that in Marek's disease virus (Calnek et 

al., 1970) and EBV (Deinhardt and Deinhardt, 1979; Wolf and 

Bayliss, 1979; Wolf et al., 1981; Wolf et al., this volume). 

Both viruses are 1ymphotropic and tumorigenic and have 

specialized target cells within the body of the host, 

permitting a steady virus production. The suppression of 

viral replication in carrier cells and in tumor cells 

therefore seems to be an established fact. 

To study the regulation of gene expression of H.saimiri, 

we characterized the virus-specific proteins synthesized 

during the lytic cycle. The time-ordered appearance of 

proteins during lytic infection might suggest their possible 

regulatory functions. Blocking experiments with translation 

inhibitors and especially the use of amino acid analogues 

(Honess and Roizman, 1974; Fenwick and Walker, 1978; Bayliss 

and Wolf L 1981, 1982) have proved particularly helpful for 

further characterization of early proteins which control the 

synthesis of polypeptides produced late in the cycle. A 

further characterization of the structural proteins and their 

localization in the virion by surfac iodination studies led 

to a detailed analysis of viral structural proteins. Based on 

our protein data, we were able to study the different gene 

expression in natural and experimental tumor-bearing hosts. 

We immunoprecipitated polypeptides obtained from lytically 

infected cells with sera from squirrel monkeys, owl monkeys, 

marmosets and New Zealand white rabbits. 

In all experiments an attenuated mutant (H.saimiri 11 
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att, Schaffer et al., 1975) of the oncogenic H.saimiri 11 was 

included. This virus strain is not oncogenic in marmosets 

(Wright et al., 1977, 1980) and induces a latent or 

persistent infection, similar to that of the oncogenic strain 

in squirrel monkeys. 

MATERIAL AND METHODS 

1. Virus-induced cell proteins 

Owl monkey kidney cells (O~~-cells) were cultured in 32 

ounce glass prescription bottles or plastic Petri plates 

using Minimal Essential Medium (MEM Earl's salts, Gibco) 

supplemented with 10% heat-inactivated fetal calf serum 

(Seromed). Cells were infected with H.saimiri 11 or H.saimiri 

att at 1-2 PFU/cell and treated as described (Modrow and 

Wolf, 1983a). At the times indicated in the experiments, 

cells were labelled with 10 ~Ci/ml 35S-methionine (NEN) in 

methionine-free medium, 7.5 ~Ci/ml 32p-phosphate (NEN) in 

phosphate-free medium or 0.75 ~Ci/ml 14c-glucosamine (NEN) in 

glucose-free medium containing 1.1 mg/ml fructose. At the end 

of the labelling period cells were rinsed three times with 

cold phosphate buffered saline (PBS) to stop amino acid 

incorporation, solubilized in solubilization buffer (0.05 M 

Tris-HCI, pH 7.0, 2% SDS, 5% mercaptoethanol, 3% sucrose, 

bromephenolblue), sonicated for 15 sec with a Branson 

sonifier (microtip at its maximum output), heated 5 min at 

1000e and stored at -20°C. 

Amino acid analogues - 500 ~g/ml canavanine (Sigma) in 

arginine-free t·1EH or 500 ~g/ml azetidine (Sigma) were added 

in a part of the experiments after the adsorption period. 

Aliquots of 5 ~l of the labelled cell extracts were 

spotted on Whatman 3 NM filter paper discs, air dried, washed 

twice in cold 5% trichloracetic acid (TCA) for 10 minutes and 

twice in 95% ethanol. After drying at room temperature, 

filters were placed in vials with aquasol 2 (NEN) and 

counted. 

20000 cpm per slot for 35S-methionine, 10000 cpm for 

32p-phosphate and 2000 cpm for 14C-glucosamine labelled 
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samples were submitted to electrophoresis in 10% 

SDS-polyacrylamide gels (Modrow and Wolf, 1983a). 

For in vitro labelling of glycosylated proteins, 

unlabelled infected cell extracts were separated in 10% 

SDS-polyacrylamide gels and electroblotted onto 

nitrocellulose paper sheets (Schleicher and Schuell, BAS5, 

pore size 0.45 ~m) using two carbon plates as electrodes 

(25cm x 25cm x 2cm; grade CC, Deutsche Carbone, Frankfurt). 

These were covered with 2 sheets of conductive sponge, 

available from electronic supply shops. Blotting was 

basically done according to the methods of Renart et al., 

(1979) and Towbin et al. (1979) using buffer containing 192 

mM glycine, 25 ~1 Tris-HCl, pH 7.5, 10% methanol with a 

constant current of 3 mA/cm2 for 2 hours. After the transfer, 

sheets were incubated for one hour in 3% BSA, 154 ~·1 NaCl, 10 

mM Tris-HCl, pH 7.4 at 40°C before 125I-Concanavalin A 

(Medac, iodinated with lactoperoxidase iodination system, 

NEN) in 154 mM NaCl, 10 mM Tris-HCI, pH 7.4, 5 mM EDTA, 0.05% 

NP40, 3% BSA was added. The filter membranes were incubated 

overnight at room temperature, washed in 154 mM NaCl, 10 roM 

Tris-HCl, pH 7.4, 5 mM EDTA, 0.05% NP40 and exposed to Kodak 

XOMatS film with intensifying screens (Lightning Plus, 

DuPont) at -70°C. 

2. Structural proteins 

OMK-cells were infected with H.saimiri 11, H.saimiri 11 

att, H.ateles 73 or H.ateles 810 and labelled as described 

above. Virions were purified from the supernatant over two 

combined isopycnic Percoll (Pharmacia) and sucrose gradients 

(Hodrow and Wolf, 1983b). The labelled proteins were analysed 

in 10% SDS-polyacrylamide gels. Capsids were prepared by 

incubation in 0.5% NP40 at 4°C for 15 min and pelleted. The 

surface proteins of purified intact virions and caps ids were 

iodinated using the carrier coupled NEN-lactoperoxidase 

iodination system, the labelled proteins were 

immunoprecipitated with a serum directed against structural 

proteins of H.saimiri 11 and separated in 10% 

SDS-polyacrylamide gels. 
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3. Immunoprecipitation 

OMK-cells were infected with H.saimiri 11 or H.saimiri 1 

att and labelled with 35S-methionine as described above. At 

the end of the labelling period, cells were rinsed three 

times in cold PBS and solubilized in 0.5 ml per 1x10 infected 

cells immunoprecipitation buffer (IP-buffer, 1% Triton X-100, 

0.1% SOS, 0.137 M NaCl, 1 roM CaCl2 , 1 roM MgCl2 , 10% glycerol, 

20 roM Tris-HCl, pH 9.0, 0.01% NaN3 , 1 ~g/ml 

phenylmethylsulphonylfluoride) and disrupted by sonification. 

The extracts were clarified by centrifugation at 100 000 g 

for 30 min at 4°C and stored at -20°C. 

In order to remove antibodies directed against cellular 

proteins, 10 ~l of each serum were incubated with 0.5 ml of 

an extract of uninfected unlabelled OMK-cells (lx10 7 

cells/ml) overnight at 4°C. 3 mg protein A sepharose-beads 

(Pharmacia) preswollen in 100 ~l IP-buffer, were added and 

the reaction incubated at 4°C for another 2 hours. 0.5 ml of 

the labelled protein extracts was added and the immune 

complexes were allowed to form during a 3 hours incubation 

period at room temperature. The beads were washed with 

IP-buffer until supernatants contained no detectable 

radioactivity. The washed beads were resuspended in 

solubilization buffer and heated 5 min at 100°C to dissociate 

the immune complexes and analysed in 10% SOS-polyacrylamide 

gels. 

4. Sera 

The sera of squirrel monkeys (Ssl, Ss2, Ss3) and owl 

monkeys (At1, At2, At3) were a gift of L.Falk, New England 

Primate Research Center, Southborough, Mass. The Saguinus 

nigricollis serum (Sn1) was obtained from a monkey which died 

of a neoplastic disease 7 weeks after inoculation i.m. with 

1x106 PFU H.saimiri 11. The Saguinus fuscicollis (Sf1) was 

infected with H.saimiri 11 att and developed a lifelong virus 

carrier status without showing any signs of disease. The 

serum was obtained 7 years after inoculation. The New Zealand 
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white rabbit (NZWR1) was inoculated intravenously with lxl0 6 

PFU H.saimiri 11 and died 3 weeks after inoculation. A serum 

against viral structural proteins was obtained from a rabbit 

(Rl) inoculated intracutaneously with multiple doses of 

H.saimiri 11 in the presence of complete Freund's adjuvans. A 

serum against virus-induced infected cell proteins was 

obtained from a goat inoculated with multiple doses of 

H.saimiri 11 infected cells (gift of F. Deinhardt, Munich). 

RESULTS 

1. Time ordered synthesis of viral proteins 

a} labelling with 35s-methionine 

To study the course of protein synthesis during the 

lytic cycle of virus replication, infected cell cultures were 

labelled at various times after infection (Fig. I). 

Twenty-one polypeptides were synthesized starting 9 to 10 

hours post infection (Fig. 1, lane L-P) and are most likely 

late proteins, since their synthesis increased further and 

they could also be identified in purified. virions (Fig. 4a). 

Early proteins could be detected in trace amounts only. 

The use of amino acid analogues proved to be helpful to 

enrich these early polypeptides and facilitated their 

detection and distinction from late proteins. Eleven 

virus-induced proteins were synthesized in the presence of 

canavanine (Fig. 1, lane B-F}i addition of azetidine allowed 

six polypeptides to be produced (Fig. 1, lane G-K). Three of 

the proteins synthesized in the presence of amino acid 

analogues were also found in the virion (gp 88, pp 57, p 28). 

When canavanine and azetidine were added to the cultures 

simultaneously, the protein pattern appeared 

indistinguishable from the one obtained with canavanine alone 

(not shown). All protein data are summarized in Table 1. 

b) Labelling with 32p-phosphate 

Labelling with 32p-orthophosphate showed, that five 

viral polypeptides became phosphorylated during the course of 

infection (Fig. 2): pp 57, pp 46, pp 28 were found to be late 
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viral polypeptides, pp 163, pp 57, pp 41, pp 28 were 

synthesized in the presence of canavanine, pp 163, pp 57 and 

pp 41 with azetidine added to the cultures. 
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Fig. 1 Protein profiles from H.saimiri II-infected 
cells labelled at various times after infection with 
35S-methionine. Samples of 20000 cpm were applied per 
slot. A: molecular weight marker proteins; B: 
mock-infected cells, labelled 24-26 hours after mock 
infection; virus-infected cells, treated with canavanine 
and labelled from 0-4 (C), 4-9 (D), 9-15 (E) and 15-24 
(F) hours after infection; virus-infected cells treated 
with azetidine and labelled from 0-4 (G), 4-9 (H), 9-15 
(I), 15-24 (K) hours after infection; virus-infected 
cells labelled without analogues 0-4 (L), 4-9 (M), 9-15 
(N), 15-24 (0), 24-26 (P) hours after infection. 

c) Labelling with 14c-glucosamine 

In vivo labelling of viral proteins with (Fig. 3, A-F) 

or without subsequent immunoprecipitation (Fig. 3, N-S)" 

identified seven glycosylated viral polypeptides: gp 152, gp 

140, gp 127, gp 88, gp 67, gp 53, gp 50. In the presence of 

canavanine, no viral glycoproteins could be identified after 
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immunoprecipitation, in the presence of azetidine, gp 127, gp 

88, gp 67, gp 53, gp 50 were synthesized in trace amounts. 

d) in vitro labelling of glycoproteins 

By electroblotting of virus-infeced proteins and 
- . f I I d . . h 125 1 C h· h detectlon 0 g ycosy ate protelns Wlt - on A, w lC 

binds specifically to glucose and mannose residues (Goldstein 

et al., 1965), the same polypeptides could be identified as 

glycoproteins as by in vivo labelling with 14c-glucosarnine 

(Fig. 3, T-Y). 

2. Structural proteins 

The protein profiles of the various H.saimiri and 

H.ateles strains are shown in Fig. 4a. Twenty-one structural 

polypeptides could be identified for the H.saimiri strains by 

labelling with 35s-methionine; two of these proteins (pp 135, 

pp 57) were found to be phosphorylated. A comparison of the 

protein pattern of H.saimiri 11 and H.saimiri 11 att showed 

no differences in the molecular weight of the single protein 

bands. 

For H.ateles 73 and H.ateles 810, twenty different 

virion proteins could be identified by 35S-methionine 

labelling. Three of these were found to be phosphorylated (pp 

136, pp 57, pp 56). The molecular weights of H.ateles 810 

polypeptides differed slightly from H.ateles 73 proteins and 

were distinguishable from the protein patterns observed with 

H.saimiri isolates. 

By surface iodination of purified H.saimiri 11 and 

H.saimiri 11 att virions and capsids (Fig. 4b), 5 viral 

polypeptides (gp 88, gp 67, pp 57, P 46, p 28) could be 

identified as parts of the virus envelope and four 

polypeptides as capsid proteins (gp 152, P 146, gp 140, pp 

135). No difference was found between the two strains of 

H.saimiri. 

3. 1mmunoprecipitation 

a) Precipitation with sera from Saimiri sciureus 

H.saimiri infected cell proteins were labelled early 

(6-8 hours p.i.) middle (15-17 hours p.i.), late (24-26 hours 
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p.i.) and in the presence of azetidine with 355-methionine. 

The labelled polypeptides were precipitated with three 

different sera from squirrel monkeys (5s1, 5s2, Ss3). In 

azetidine-treated cells and at early times after infection 

only a few viral proteins were precipitated: gp 152, gp 53, 

gp 50, pp 28 in azetidine treated cells and gp 152, P 97, gp 

53, P 46 in early labelled cells. A subset of viral proteins, 

which are mostly viral structure proteins was identified when 

cells were labelled at intermediate and late times p.i. (Fig. 

5): p 195, gp 152, P 146, pp 135, gp 127, P 123, P 106, P 97, 

gp 88, gp 67, P 61, gp 53, gp 50, pp 28. A serum against 

virion proteins produced in rabbits (Rl) was used as positive 

control. All sera were tested with mock infected cells to 

exclude unspecific bindinq (not shown). 

Fig. 2 Protein profiles from H.saimiri 11 infected 
cells labelled with 32P-orthophosphate. Samples of 10000 
cpm were applied per slot; cells were labelled 24-26 
hours after infection. A: mock-infected cells, B: 
infected cells, treated with canavanine, C: infected 
cells, treated with azetidine, D: infected cells without 
analogues. 
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b) Precipitation with sera of experimental hosts 

35s-methionine labelled proteins were precipitated with 

sera from three different owl monkeys (At1, At2, At3), one 

Saguinus nigrico11is (Sn1), and one New Zealand white rabbit 

(NZWR1). All these animals were dying of neoplastic disease 

after infection with H.saimiri. Sera from the experimental 

hosts precipitated at middle and late (Fig. 5) times after 

infections a limited number of viral proteins: gp 152, gp 

127, P 115, P 80, P 55-57 (p 55 for Aotus trivirgatus, p 57 

for S.nigricollis and NZWR), gp 53, gp 50, pp 28. P 146 and 

pp 135 were only precipitated \vi th some owl monkey sera in 

very small quantities, p 195, P 123, P 106, P 97, gp 88, gp 

67, P 61 were never seen. Three proteins, however, were not 

found to be precipitated with the sera of the natural hosts: 

p 115, P 80, P 55-57. P 115 and p 55-57 are synthesized 

already at an early stage after infection, p 115 was not 

found in the presence of azetidine. 

H.saimiri infected cell proteins were precipitated with 

a serum of a Saguinus fuscicollis (Sf1) which was 

persistently infected with H.saimiri 11 att. The protein 

profiles obtained after precipitation were very similar to 

those obtained with sera of Saimiri sciureus, most of the 

proteins being structural polypeptides (Fig. 5). 

c) Comparison of H.saimiri 11 and H.saimiri 11 att infected 

cell proteins 

All sera from the natural and experimental hosts showed 

no differences in the protein profiles of H.saimiri 11 and 

H.saimiri 11 att infected cell proteins. By 

irnrnunoprecipitation with a serum against H.saimiri 11 

infected cell proteins in a goat, one polypeptide in 

H.saimiri 11 infected cells was precipitated which was not 

found in H.saimiri 11 att infected cells (Fig. 6); the 

protein had a molecular weight of about 55.000 D. 

DISCUSSION 

The repression of the lytic cycle is essential for the 

manifestation of the oncogenic potential of a virus of the 
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herpes group, since replication invariably causes the death 

of the host cells. It seems reasonable to conclude from 

observations with other herpesviruses, that the expression of 

viral genes follows a regulated pattern. It would be of great 

interest to know where this cascade of regulated expression 

is interrupted in the tumor cell (Wolf and Bayliss, 1979) and 

eventually to understand the mechanisms responsible for this 

regulation. Whereas the highly lytic Herpes simplex virus 

allowed detailed analysis of the lytic cycle (Honess and 

Roizman, 1974, 1975; Morse et al., 1978; Wolf and Roizman, 

1978), it is extremely difficult to obtain results for 

Epstein-Barr virus, where an efficient lytic system is not 

known (Wolf and Bayliss, 1979; Kallin et al., 1979; Feighny 

et a1., 1981; Bayliss and Wolf, 1981, 1982). In order to 

study the regulation of gene expression, we examined the 

course of protein synthesis in cells lytically infected with 

H. saimiri. 
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Fig. 3 Glycosylation of H.saimiri-induced proteins. 
A-F: cells labelled with 14C-glucosamine and 
immunoprecipitated, G-M: cells labelled with 
35S-methionine and immunoprecipitated, N-S: cells 
labelled with 14C-glucosamine, T-Y: cells 
electroblotted, labelled with 125I-Con A. 
A, G, N, T: mock-infected cells, labelled 24-26 hours 
after mock-infection; B, H, 0, V: cells infected with 
H.saimiri 11 treated with canavanine, labelled 24-26 
hours after infection; C, I, P, U: cells infected with 
H.saimiri 11, treated with azetidine, labelled 24-26 
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hours after infection. 0, K, Q, W: cells infected with 
H.saimiri 11, labelled 6-8 hours after infection. E, L, 
R, X: cells infected with H.saimiri 11, labelled 15-17 
hours after infection. F, M, S, Y: cells infected with 
H.saimiri 11, labelled 24-26 hours after infection. 

Analysis of electrophoretically separated polypeptides 

revealed at least 31 virus-induced proteins synthesized 

during the course of infection. The polypeptides could be 

characterized and classified according to their molecular 

weights, their modification and their kinetic appearance in 

the lytic cycle. All these data are summarized in Table 1. 

As for other members of the herpesvirus group, the 

function of early proteins is essential for the synthesis of 

polypeptides produced later in the lytic cycle. The amino 

acid analogues canavanine (for arginine) and azetidine (for 

proline) are incorporated into the polypeptide chains in 

place of the corresponding amino acids. By this they affect 

the function of the proteins whithout detectably changing 

their molecular weights. In the presence of azetidine six 

different viral proteins were synthesized (Fig. 1): pp 163, 

gp 88, pp 57, p 43, pp 41. In the presence of canavanine 11 

polypeptides were produced: p 185, pp 163, p 99, P 94, p 86, 

P 80, gp 67, pp 57, P 53, pp 41, pp 28, three of these being 

identical with those synthesized in the presence of 

azetidine: p 52, pp 41, pp 28. This suggests that two groups 

of proteins may belong to a first class of early proteins. 

According to the content of arginine and proline and their 

participitation in active groups in the polypeptide chains, 

their function may be inhibited by the incorporation of 

either of the amino acid analogues. The synthesis of a second 

class of proteins does not follow. Some of the proteins 

synthesized in the presence of analogues were not found in 

untreated infected cells. An explanation for this effect may 

be that the enrichment in cells with the analogues is 

essential for their detection. Alternatively, an altered 

posttranslational modification could be responsible for these 

proteins. 
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Twenty-one polypeptides could be identified as late 

proteins (Fig. 1) , the synthesis of which started about 9 to 

10 hours post infection (p 210, P 195, gp 152, P 146, gp 140, 

pp l35, gp 127, P 123, P 106, P 97, gp 88, gp 67, P 61, pp 

57, gp 53, gp 50, pp 46, P 36, P 33, P 31, pp 28) . The 

synthesis of these polypeptides was dependant on prior 

DNA-replication; when inhibitors of the viral DNA-synthesis 

were added during infection, only a subset of early proteins 

was produced (Modrow and Wolf, 1983a). Some of these late 

proteins are also synthesized in the presence of amino acid 

analogues (gp 88, pp 57, pp 28) and possibly are polypeptides 

whose synthesis is required during the whole cycle. By 

labelling with 32p-phosphate (Fig. 2), five phosphoproteins 

were identified during the course of infection: pp 163, pp 

57, pp 46, pp 41, pp 28. pp 135 was found to be 

phosphorylated in the virions. This process of 

phosphorylation might occur during or be essential for the 

assembly of the virion. 

The viral glycoproteins were identified by two different 

methods: (I) by in vivo glycosylation with l4c-glucosamine 

and (II) by in vitro labelling with l25I-Concanavalin A. Both 

methods gave similar results - seven viral proteins were 

found to be glycosylated: gp 152, gp 140, gp 127, gp 88, gp 

67, gp 53, gp 50. These were all late viral proteins as they 

were not synthesized at early times after infection or in the 

presence of canavanine. When 14C-glucosamine labelled 

proteins were separated ·without prior immunoprecipitation, 

all late viral glycoproteins could be identified beside a 

number of host glycoproteins (Fig. 3, N-s). In 

canavanine-treated cells (Fig. 3, 0) some additional proteins 

were detected, which were not seen in immunoprecipitation 

experiments. These bands may represent a subset of early 

viral proteins which are not recognized by the serum used 

here. Alternatively, they may be artefacts due to the 

presence of the analogue. 

In the in vitro labelling experiments with 125 I _Con A, 

all glycoproteins with glucose and mannose or derivatives of 
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Fig. 4 a) Structural proteins of H.saimiri and 
H.ateles. A-D: labelled with 35S-methionine, E-F: 
labelled with 32P-orthophosphate. A: H.saimiri 11; B: 
H.saimiri 11 att, C: H.ateles 810, D: H.ateles 73, E: 
H.saimiri 11, F: H.ateles 73. b) 125I-labelled surface 
proteins. A: H.saimiri 11 att capsids, B: H.saimiri 11 
capsids, C: saimiri 11 att virions, D: H.saimiri 11 
virions. 

these sugars are identified by their binding capacity for 

125 I _Con A, regardless whether they are of cellular or viral 

origin. Due to the experinlental procedure no host shut-down 

can be observed and viral proteins can be observed as 

additional bands only. 
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Fig. 5 H.saimiri-infected cells, labelled with 
3 5 S-me thionine from 24-26 hours after infection and 
immunoprecipitated with the sera indicated. 
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11: H.saimiri 11 infected cellsi att: H.saimiri 11 att 
infected cells. Ssl, Ss2, Ss3: sera of Saimiri sciureus, 
infected with H.saimiri IIi At1, At2, At3: sera of Aotus 
trivirgatus, infected with H. saimiri IIi Sn1: serum of 
S.nigricollis, infected with H.saimiri IIi Sf1: serum of 
S.fuscicollis, infected with H.saimiri 11 att. NZW1: 
serum of a New Zealand white rabbit, infected with 
H.saimiri IIi R1: rabbit serum against structural 
proteins of H.saimiri. 

The analysis of purified virions of H. saimiri 11 and 

H. saimiri 11 att revealed 21 polypeptides as viral structural 

proteins (Fig. 4a). All these proteins were also identified 

as late viral polypeptides being produced late during the 

lytic cycle. Two of these proteins located in the virion were 

found to be phosphorylated. For H.ateles 73 and H.ateles 810, 

20 different proteins could be identified, three of these 

were phosphorylated (pp 136, pp 57, pp 56). The molecular 

weights of H.ateles 73 proteins differed slightly from 

H.ateles 810 polypeptides and were distinguishable from the 

protein pattern observed with H.saimiri isolates. The overall 

pattern of the protein profiles of the various a.saimiri and 

H.ateles strains, howe ver, was fairly similar, 8 proteins 
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being conserved according to their molecular weights (p 210, 

gp 146, P 106, P 97, gp 88, P 46, P 36, P 33). The close 

relationship of proteins from H.saimiri and H.ateles reflects 

the relatedness of their DNAs, which show 35% homology 

(Fleckenstein et al., 1978). 

To identify the components of virions and capsids, the 

surface proteins were labelled with 125 1 using the 

lactoperoxidase system, which is a very gentle method, 

allowing the selective iodination of surface proteins. By 

this, four proteins could be identified as capsid 

polypeptides (gp 152, P 146, gp 140, pp 135) and five as 

parts of the viral envelope (gp 88, gp 67, pp 57, P 46, P 28; 

Fig. 4b). No difference was found between the two H.saimiri 

strains. 

To study the gene expression in the various natural and 

experimental hosts, H.saimiri-induced cell proteins were 

immunoprecipitated with sera from these animals. In the 

natural hosts (Saimiri sciureus) most antibodies are directed 

against late viral polypeptides, which are mostly structural 

components of the H.saimiri virion (Fig. 4). A very similar 

picture was obtained with a serum from a Saguinus fuscicollis 

(Sf 1), which was infected with H.saimiri 11 att (Schaffer et 

al., 1975). This virus strain is reported to be non-oncogenic 

in different marmoset species, and induces a latent or 

persistent infection (Falk et al., 1976; Wright et al., 1977, 

1980). Thus the etiological behaviour of H.saimiri 11 att in 

marmosets is very similar to that of H.saimiri 11 in squirrel 

monkeys. This fact could be demonstrated by 

immunoprecipitation experiments: the sera of squirrel monkeys 

infected with the oncogenic wild type showed the same 

antibody pattern as that obtained from a marmoset infected 

with H.saimiri 11 att. 

Sera from experimental hosts infected with H.saimiri 

which had died from a neoplastic disease showed by 

imnlunoprecipitation, that their antibody specificity was 

different from that obtained from the natural host, but very 

similar amongst the different species (owl monkey, marmoset, 
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Fig. 6 Cells infected with H.saimirl, labelled with 
35S-methionine and immunoprecipitated with a goat serum 
directed against H.saimiri 11 infected cell protein. A: 
mock-infected cells labelled 24-26 hours after 
mock-infection; B: H.saimiri 11 infected cells, labelled 
8-10 hours after infection; C: H.saimiri 11 infected 
cells, labelled 24-26 hours after infection; D: 
H.saimiri 11 att infected cells, labelled 8-10 hours 
after infection; E: H.saimiri 11 att infected cells, 
labelled 24-26 hours after infection. 

New Zeqland white rabbit). With the sera of all these hosts, 

three proteins were precipitated, which were never 

precipitated with sera from squirrel monkeys: p 115, P 80, P 

55 in owl monkeys and p 57 in S.nigricollis and NZWR 

respectively. The slight difference in the molecular weight 

(p 55 - p 57) may be due to a different modification in the 

various hosts with the antibodies directed against the 

modification. p 115 and p 55-57 may be due to a different 

modification in the various hosts with the antibodies 

directed against the modification. p 115 and p 55 - 57 were 
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synthesized already at an early stage after infection; the 

synthesis of p 115, however, was inhibited by the treatment 

of azetidine and thus may belong to a second regulatory group 

of early proteins. 

Since all animals developing H.saimiri-induced 

neoplastic disease are reported to have high anti-EA titers 

(Klein et al., 1973; Pearson et al., 1973, 1974), which 

increase with the development of malignant tumors, one might 
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conclude, that the three proteins p 115, P BO, P 55 - 57 are 

components of the EA-complex. In natural hosts the anti-EA 

titers were found to decline some weeks after the primary 

infection. 

Between the protein profiles obtained from H.saimiri 11 

and H.saimiri 11 att infected cell proteins precipitated with 

squirrel monkey, owl monkey, marmoset and NZWR sera 

respectively, no differences could be detected. However, one 

protein could be identified in H.saimiri infected cells when 

the extracts were precipitated with a serum raised in a goat 

against H.saimiri 11 infected cells. The molecular weight of 

the protein was found to be 55000 D. This protein may either 

be a viral protein which is deleted in H.saimiri 11 att, or a 

cellular protein, whose synthesis is not induced during 

infection with H.saimiri 11 att. As a third possibility, the 

differences in the protein patterns may be due to a different 

protein modification of H.saimiri 11 and H.saimiri 11 att 

induced polypeptides. 

The characterization of the polypeptides which present, 

themselves in the various experimental and natural hosts as 

antigens may be a step towards a better understanding of the 

regulatory mechanisms involved in the development of the 

H.saimiri induced malignant disease. At least our experiments 

show that tests for antibodies directed against specific 

antigens could be useful to discriminate between tumor 

bearing and non-tumor bearing hosts and that antibodies 

reacting with other antigens may be used for a 

nondiscriminating diagnosis of the immune status. Although 

this may be of interest for hosts infected with H.saimiri, 

similar work may prove important for the diagnosis of 

infections or neoplastic disease caused by Epstein-Barr virus 

and other herpesviruses in man. 
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This presentation will review what is known about the 
factors involved in persistent murine cytomegalovirus (MCMV) 
infections, by considering studies on infected mice and cell 
lines infected in vitro. In mice of various strains, MCHV 
establishes a productive infection in numerous tissues, 
although specific cell types within a tissue may be spared. 
Dissemination of the virus may be facilitated by a temporary 
and generalized immunosuppression. Eventually a variety of 
anti-viral responses help to terminate the acute phase of 
infection, which is then replaced by a chronic type of 
infection in certain tissues, and a true latent infection in 
others. Some of the factors which are important in determining 
the severity of the acute infection and the establishment and 
duration of the chronic phase are: the strain and precise 
history of the virus itself; age and strain of mice; the 
presence of physical barriers to virus or immune cells (eg. 
basement membranes in acini of submaxillary glands); 
macrophages, which may control virus dissemination or promote 
persistence; and the immune status of the mouse. 

The virus has frequently been reactivated from several 
tissues of persistently infected mice. The two methods which 
have proven successful in reactivation are: immunosuppressive 
therapy of the animals; and explantation of tissues, usually 
in the presence of embryonic fibroblast cultures. These 
studies implicate the presence of virus-controlling factors in 
persistently infected animals. 

Infections in vitro have been done on numerous cell lines 
of murine and non=murine origin. Different responses have been 
observed, ranging from efficient production of virus to 
limited viral gene expression with no production of virus. 
These in vitro studies have indicated the relevance of cell 
cycle parameters, and other host cell factors, in determining 
the extent of viral gene expression and persistence. 

INTRODUCTION 

Murine Cytomegalovirus (MCMV) is a herpes virus which is 

capable of infecting and persisting in various wild and 

laboratory strains of mice. Most of the biochemical and 

biological features of the virus have been discussed in two 

recent reviews (Hudson, 1979; Osborn, 1982). This presentation 

considers only those aspects which are thought to be relevant 

to persistent MCMV infections, and hence relevant to 
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persistent herpes infections in general. l ) 

The term 'persistent infection' is used, because in many 

instances it is not clear whether experimental mice have been 

chronically infected (producing low levels of infectious 

virus) or latently infected (no detectable infectious virus). 

The mouse can have both types of infection concurrently. Thus 

the virus may be in a true latent state in one type of tissue 

or group of cells, while another tissue is continuously 

shedding small amounts of virus. Even the designation of 

'latent infection' as applied may be misleading, since 

insufficient amounts of the tissue may have been sampled for 

virus assay. This point will be raised again in a later 

section. 

The old term 'salivary gland virus' reflects the fact 

that infected mice commonly shed small quantities of virus in 

their saliva for long periods of time. This probably 

represents the normal mode of transmission of MCMV.As a 

consequence the mouse probably reinfects itself periodically. 

Therefore the problem requiring investigation may not be 

simply: 'What factors determine whether or not the virus 

replicates', but rather: 'What determines the level of virus 

production in a specific tissue'. In this respect CMV's may 

differ fundamentally from herpes simplex type viruses. 

FACTORS AFFECTING MCMV INFECTIONS IN THE HOUSE 

Figure I summarizes the kinetics of virus growth in 

selected tissues and the accompanying host responses. The 

graph is somewhat idealised in that all of these parameters 

have not been compared within a specific mouse strain, 

although there are enough data to indicate that several 

different strains follow a similar pattern of events, at least 

qualitatively. The basic model used in our laboratory is the 

SWR/J mouse, which responds to an intraperitoneal infection of 

lIn the following text only selected references are given. A 

more comprehensive bibliography is found in t.he reviews 

mentioned above. 
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Fig. 1 Kinetics of virus growth and host responses. 
Data for infectious virus (pfu per g. of tissue) and 
concanavalin A response of spleen cells are taken from 
our studies with SWR/J mice (sg = submaxillary gland; sp 
= spleen; k = kidney). Corresponding data for circulating 
anti-MCMVantibody (Ab); cytotoxic T-cells (CYT); natural 
killer cell activity (NK), and serum interferon (IF), 
have been compiled from various published studies 
utilizing various strains of mouse. In the upper part of 
the diagram the solid lines represent the times of 
maximal function, and the broken lines represent times of 
uncertainty or disagreement in connection with a 
function. 

MCMV by replicating the virus transiently in visceral tissues 

(as exemplified by the spleen in Fig. 1) and more extensively 

in submaxillary glands and kidney. A dramatic but temporary 

immunosuppression is observed after three days. This is 

illustrated by the abrogation of the concanavalin A response 

by spleen cells. The immunosuppression appears to be general, 

and may allow the virus to disseminate throughout the body. 

However, interferon and natural killer cell activity have been 

detected shortly after infection, and eventually circulating 

antibody and cytotoxic T-cells are found in abundance. It is 
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not clear how these different responses interrelate, although 

in concert they do appear to control the amount of virus 

produced, and may be responsible for terminating the acute 

phase of infection in tissues such as spleen and liver. 

The virus then enters a phase of gradually decreasing 

production (Fig. 1). The duration of this 'chronic' phase is 

clearly influenced by some of the factors enumerated in Table 

1, but ultimately virus replication can be terminated. 

The factors listed in Table 1 will now be considered 

individually. 

TABLE 1 Factors involved in MCMV pathogenesis 

Factor 

Virus: 

strain (genotype) 

history (virulent; attenuated) 

Host: 

age 

strain (H-2 genes) 

physical barriers 

macrophages 

cell differentiation 

cell cycle 

immune status (NK cells; 
cortisone) 

(i) Strain of Virus 

Involvement in 

Acute 

Infection 

+ 
+ 

+ 

+ 

? 

+ 

+ 
+ 

+ 

Persistent 

Infection 

? 

+ 

+ 

+ 
+ 

+ 

? 

+ 

+ 

There exist at least two, and probably many more, 

genetically distinguishable strains of MCMV, viz: the so­

called Smith strain, the one deposited in the American Type 

Culture collection many years ago, which itself has probably 

diverged considerably in different laboratories; and the 

'virulent' K181 strain selected by Osborn. These two strains 
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differ in their restriction endonuclease patterns and in virus 

protein composition (Nisra and Hudson, 1980; Dimmock and 

Hudson, unpublished data). Although they differ markedly in 

virulence, i.e. with respect to the acute infection, they do 

not appear to have been compared in regard to persistent 

infection. 

(ii) History of the Virus 

Murine CMV obtained from infected mice rapidly attenuates 

upon passage in cell culture (Osborn and Walker, 1971). The 

resultant attenuated virus retains the capacity to replicate 

in submaxillary glands (whereupon it reverts to virulence) , 

but not in visceral tissues such as spleen and liver. The 

att.enuation is accompanied by changes in virus protein 

composition (Dimmock and Hudson, unpublished data). The 

submaxillary-passaged virus tends to persist longer in the 

mouse than does virus repeatedly passaged in fibroblast 

cultures (Misra, 1977). It is not known if these differences 

are caused by cultivation of the virus in different cel-l 

types, i.e. acinar epithelial cells in the submaxillary gland 

compared with fibroblasts in vitro, or by some other feature 

of cultivation in vivo compared with in vitro (Selgrade et aI, 

1981) . 

(iii) Age of Mouse 

In common with numerous other viruses, MCMV is much more 

virulent towards young immature mice than older mature mice. 

In addition we have found that infected immature SWR/J mice 

give rise to a more prolonged chronic phase than do infected 

adults (unpublished data). This may be explained by a 

quantitatively greater dissemination of the virus during the 

earlier stages of infection, when the immune system is not 

properly developed, with the results that tissues are seeded 

with more virus. 

(iv) Strain of Mouse 

A notable host contribution to MCMV pathogenesis is the 
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histocompatibility gene status, which has been studied 

extensively by Chalmer (Chalmer et aI, 1977; Chalmer, 1979). 

Table 2 presents a few examples of the relative effect of H-2 

genes on mortality in MCMV-infected adults. In general the b 

and d haplotypes confer sensitivity to the virus, sensitivity 

being dominant in crosses. Other non-H2 genes also contribute 

however, and Chalmer has argued for the involvement of at 

least four genetic loci (two H-2 linked, two non H-2 linked), 

some of which correlate with specific histopathological 

effects in certain tissues (Chalmer, 1979). 

TABLE 2 Influence of host strain. 

Strain H2 Relative LDSOa Influence in 
haplotype persistent infection 

DBA/1 q <0.4 ? 
Balb/c d 1.0 ? 
CS7/BL b 1.8 ? 
C3H/HeJ k >8.2 + 
CBA k >8.~ ? 
SWR/J q >10 + 

aThese data are examples taken from Chalmer (1979) and 
represent LDSO values for young adults. 

b Data from our laboratory under conditions approximating 
those of Chalmer. 

The host strain also influences the duration of the 

chronic infection. This is illustrated in Fig. 1, from which 

it can be seen that the chronic phase is more prolonged, at 

least in submaxillary glands, in ICR and SWR mice than in C3H. 

(v) Physical Barriers 

Conceivably the presence of 'barriers' such as basement 

membranes could render a tissue or group of cells relatively 

inaccessible to virus, and to immune responses once infection 

were established. This could explain why salivary glands 

require a long time to become infected in the first place, and 

why the infection is then prolonged after this. Henson's group 

has shown that the duration of the chronic phase in 

submaxillary glands is inversely related to the efficacy of 
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the inflammatory response. Ultimately the attack on the acini 

is successful and leads to destruction of infected and 

adjacent uninfected cells. This process can be alleviated by 

cortisone, with the result that virus continues to be produced 

and shed (Henson and Neapolitan, 1970). 

(vi) Macrophages 

Studies from Mims' laboratory and from ours' have 

focussed on the roles played by these cells in MCMV 

infections. Mims and Gould (1978) have shown that peritoneal 

macrophages and Kupffer cells can restrict the spread of MCMV, 

although this restriction was relatively ineffective for 

salivary gland passaged virus compared with cell-culture 

passaged virus. This is an important distinction since wild 

mice presumably are exposed to salivary gland virus. 

Furthermore, in view of the invariable finding that 

blood-borne virus is cell associated rather than free virus, 

then perhaps the importance of the macrophage as a 'guardian' 

against entry of virus into tissues has been exaggerated. In 

fact the few macrophages which do become infected in vivo may 

serve as reservoirs for later reinfection. In support of this 

concept is the evidence that MCMV can persist in, and can be 

reactivated from, spleen and peritoneal macrophages following 

infection in vitro or in vivo (Hudson et al., 1978~ Brautigam 

et al., 1979~ and unpublished data). 

Thus the macrophage may well be an important factor in 

persistent MCMV infections, but for reasons different from 

those usually considered relevant to viruses. 

(vii) Cell Differenciation 

Probably few people would deny the likelihood that MCMV 

gene expression is influenced by the state of differentiation 

of the host cell, although very little evidence supports this 

hypothesis. 

Recently Dutko and Oldstone (1981) showed that modulation 

of gene expression in teratocarcinoma cell lines could affect 

MCMV transcription and replication, the more 'differentiated' 
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state favoring replication. Although this behaviour is quite 

different from other viruses tested in the same cell lines, it 

is evident that MCMV is subject to intracellular host control. 

This is also relevant to persistent infections since a cell 

carrying a latent MCMV genome may lose this control if host 

gene expression is modulated through differentiation or 

extracellular factors. 

(viii) Cell Cycle 

Studies in our laboratory (Muller and Hudson, 1977) 

indicated that MCMV can only replicate in fibroblasts if they 

are traversing the cell cycle. Specifically a cellular event 

associated with early S-phase seems to be required. Further 

discussion of this phenomenon appears below. Other cell types 

may show a similar requirement. The relevance to persistent 

infection stems from the hypothesis that, if a G -phase 
o 

fibroblast carried a latent MCMV genome, then any event which 

forced that fibroblast into the cell cycle would also permit 

virus replication. 

(ix) Immune Status 

Several workers have shown that MCMV infection enhances 

NK cell activity. The importance of this response in the 

control of infection has been inferred from experiments with 

beige mutants, which lack significant NK activity and which 

are especially susceptible to the virus (Bancroft et al., 

1981). It is generally assumed that the other immune resF-0nses 

depicted in Fig. 1 are also important in limiting the acute 

infection, although they do not prevent the establishment of 

persistent infection. Nevertheless, evidence for a continuing 

role of the immune system in controlling the virus has been 

adduced from the many experiments in which immunosuppressive 

treatments have led to the emergence of infectious virus (see 

Table 2 and next section). 

REACTIVATION OF MCMV 

Table 3 summarizes the successful attempts to reactivate 



TABLE 3 Reactivation of MCMV 

Experimental Material 

1. Animals: Wild mice 

laboratory infected mice 

2. Tissues: 

3. 

spleen, lymph nodes 

salivary glands, 
prostate 

embryos 

macrophages 

Cell cultures: 

spleen cultures 

3T3 cells 

teratocarcinoma 
cells 

Reactivation Stimulus 

anti-theta serum 

graft rejection 

mock blood transfusion 

cyclophosphamide 

anti-lymphocyte serum 
+ corticosteroid 

co-cultivation with 
fibroblasts in vitro 

cultivation in vitro 

'activation' 

co-cultivation with 
fibroblasts 

cell cycle stimulation 

'differentiation' 

135 

References 

Gardner et al., 
1974 

Wu et al., 1975 

Cheung and Lang, 
1977a 

Mayo et al., 
1977 

Jordan et al., 
1977 

Henson et al., 
1972 
Olding et al., 
1975 
Wise et al.,1979 
Cheung and Lang, 
1977b 

Chantler et al., 
1979 

Brautigam et al., 
1979 

Hudson et al., 
1978 

Muller et al., 
1978 

Dutko and Old-
stone, 1981 



136 

MCMV from persistently infected mice, tissues and cell 

cultures. 

(i) Reactivation in Mice 

It has been customary to assume that, if infectious virus 

cannot be detected in samples of salivary glands or some other 

tissues, then the animal must be latently infected (or even 

uninfected). As I have already argued above this assumption 

may not be balid, for two reasons. Firstly, it is possible 

that the levels of virus produced are relatively low (1-100 

PFU per organ) and hence difficult to detect by standard 

plaque assay techniques, especially if centrifugal inoculation 

of indicator cells is not used. We have sometimes had to assay 

entire tissues in order to detect a few infectious particles. 

Secondly, while the virus may be truly latent in a specific 

tissue, it may concurrently be shed continuously (i.e. a 

chronic infection) from other tissues. In fact in our 

experience it has proven notoriously difficult to obtain 

persistently infected SWR/J mice which were completely free of 

infectious virus in all tissues assayed, especially if the 

mice were immature at the time of infection. Probably in the 

wild the mothers are relatively young adults and therefore 

still excrete infected saliva, which then infects the 

newborns. Under these conditions chronic infection would 

prevail. In addition to these problems, individual mice (even 

of the same strain) do not all exhibit the same duration of 

the chronic phase, and consequently the result that some mice 

in an experiment are entirely free of infectious virus is no 

guarantee that the others are/~lso free of virus. 

These arguments in no ;J~ detract from the value of the 

systems enumerated in Table 3, however, since the reactivation 

is obviously abrogating some kind of control system, so that 

virus replication is elevated, either simultaneously in 

several tissues, or in one key tissue initially followed by 

dissemination to others. And it still remains a possibility 

that certain treatments may reactivate the virus from a latent 

state in a specific tissue in the face of continuous shedding 
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from another. 

The point at tissue therefore is not whether the models 

in Table 3 are valid or relevant, for they certainly are, but 

some of them may represent models for elevating the chronic 

infection rather than for reactivating a true latent 

infection. With regard to the mechanism involved, the common 

denominator for reactivation in mice appears to be some aspect 

of the immune system, since most of these treatments are known 

to be 'immunosuppressive'. However, one should bear in mind 

that additional non-immunological 'side-effects' probably 

accompany all of these treatments, although it is difficult at 

present to envisage a common non-immunological mechanism. 

Nevertheless a similar dilemma is posed in trying to deduce 

the precise immunological mechanism that could be involved, 

unless this simply reflects the fact that the virus is 

continually controlled by a combination of i~une responses. 

(ii) Reactivation from Tissues 

In these experiments, fragments of tissue or groups of 

intact cells are co-cultivated with fibroblast indicator 

cells. Reactivation is indicated by the appearance of 

characteristic cytopathic effects and the emergence of 

infectious virus in the indicator cells. Concurrently portions 

of these tissues are assayed for free virus. It is probably 

easier to ascertain the absence of infectious virus in such 

individual tissues than it is for whole mice, although the 

problem raised above may still exist. 

Earlier experiments were done with spleens and other 

lymphoid tissues, although more recently similar results have 

been obtained with submaxillary glands, prostate, embryos, and 

peritoneal macrophages. 

The mechanism of reactivation is not understood. It is 

unlikely to be a simple loss of controlling factors operating 

in vivo, since the emergence of infectious virus during 

cultivation in vitro usually takes many days. It appears that 

virus is first released from its carrier cells in an 

infectious form, rather than as a free genome or 
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nucleoprotein, since its appearance can be inhibited by 

antibody in the culture medium but not by DNase (Hudson et 

al., 1978; Wu and Ho, 1979). The virus then spreads in the 

indicator fibroblasts and possibly any fibroblasts which have 

grown out from the tissue sample. The initial carrier cell or 

latently-infected cell could itself be a fibroblast or some 

other cell type in which virus replication depends upon the 

cell cycle. Non-dividing cells from tissues frequently start 

dividng when cultivated in vitro. 

(iii) Reactivation in Cell Culture 

In order to study the molecular basis of reactivation, we 

have resorted to the use of cell culture models, as indicated 

in Table 3. These are described in more detail in the next 

section. 

THE USE OF CELL CULTURE MODELS 

In Table 4 is a summary of the extent of virus 

replication in various cultured mouse cells. The information 

is incomplete in the sense that few of these cultures have 

been tested at different phases of the cell cycle or in 

relation to extracellular modulators. Furthermore any of these 

cells could conceivably harbour a latent infection under 

certain conditions. 

Non-murine cell types are documented in Table 5. 

Evidently MCMV can replicate to some degree in cultures fr:om 

rat, hamster, rabbit, sheep and monkey. Also the apodemus CHV 

can replicate in human cells. The Smith strain of MCMV does 

not replicate in human cell lines, although some viral genes 

can be expressed (Mosmann, 1975; Walker and Hudson, 

unpublished). The virus does not appear to do anything in mink 

lung cells. 

(i) Spleen Cell Cultures 

Several years ago we set up the spleen cell culture 

system for MCMV infection in vitro. Although the results 

provided a few insights into virus-cell interactions, the long 



TABLE 4 Susceptibility of Murine Cells to MCMV in 

vitro. 

Cell line or tissue Virus yielda (pfu per cell) 

Embryonic fibroblasts 

3T3 lines (several) 

3T6 

MKSA (SV40 transformed kidney) 

primary brain 

tracheal epithelial cellsc 

teratocarcinoma cells (several)b 

L929 

Y-l (adrenal cells) 

primary kidney 

primary spleen 

primary liver 

macrophage lines (several) 

T lymphocytes 

L5178Y (leukemic T-cells) 

10 100 

" 
" 

>10 

>1 

>1 

-to >1 

<1 

" 
" 
" 
" 
" 

a Data from Hudson, 1979: bDutko and Oldstone, 1981: 

cNedrud et al., 1982. Other more recent data, Hudson 

et al., unpublished. 
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term cultivation of persistently infected cells proved 

difficult to achieve. We were able to demonstrate that the 

virus did not replicate in T-lymphocytes, that B-lymphocytes 

were generally unresponsive, and that a low level of infection 

occurred in macrophage-like cells. 

This system was eventually abandoned because of the 

difficulty in maintaining such heterogenous cultures. 

Nevertheless we did show that the results mimicked the 

virus-cell interactions taking place in vivo (Loh and Hudson, 

1979) . 

(ii) Murine Fibroblasts 

The cell cycle dependance of MOIV replication in 
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TABLE 5 Susceptibility of Non-Murine Cells to MCMV in 

vitro. 

Species of Origin Cell Type Virus Yield 
(pfu/cell) 

Rat Primary cerebellum >1 

Hamster BHK line <1 

Rabbit ID{t1JlaHn~idneYi <1 

Mink Mv1Lu line a 

Sheep Primary fetal brain >1 

Monkey BSC-1 line <1 

Human HeLai KB lines 

Hep-2; WI-38i MRC-S a 

Data taken from Hudson, 1979. aHudson et al., 

Viral Gene 
Expression 

+ 
+ 

+ 
? 

+ 
+ 

+ 

unpublished. 

fibroblasts has been mentioned already. This property is 

illustrated in Fig. 2 for 3T3 cells. These cells quickly enter 

a quiescent or Go phase as serum growth factors are depleted. 

The virus readily infects such cells but will only replicate 

when fresh medium containing serum is added. Under these 

conditions a substantial fraction of the cell population 

initiates a cell cycle. The consequent initiation of S-phase 

is followed by viral DNA replication and ultimately the 

production of infectious virus (Muller, 1977). 

If the infected 3T3 cultures are maintained in the Go 

phase, infectious virus eventually disappears completely. But 

the virus can be reactivated at any time, however, by simply 

providing serum in fresh medium (Muller, 1977). This is 

illustrated in Fig. 3, which also shows that the number of 

infectious centers remains high. Thus this system furnishes a 

useful short term model for studying the establishment of a 

latent infection and its reactivation by manipulating the 

cells' environment. 

In further studies we compared the patterns of viral DNA, 

RNA and protein synthesis in S-phase and Go phase cells. The 

results are presented in the form of a composite diagram in 
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Cultures of 3T3 cells were left without medium 
change for 9 days. They were infected with MCMV (20 
pfu per cell) and, after the adsorption period, were 
divided into four groups for the following 
treatments: Group A, control, same depleted medium 
added back to cells; Group B, depleted medium added 
together with 10% fresh serum; Group C, fresh medium 
only added without serum; Group 0, fresh medium plus 
10% serum added. All cultures were assayed for 
infectious virus (pfu) and3for mitotic cells (by 
autoradiography following H-thymidine pulses). Data 
from Muller, 1977. 
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Fig. 4. During the first four hours of infection in the 

S-phase cells at least 17 viral-induced proteins are produced, 

accompainied by the transcription of approximately 40% of the 

viral genome (i.e. 20% of the viral DNA). Some of these 

proteins, and a large fraction of the transcripts, are also 

present in the Go phase cells. In the latter, a few additional 

genes are transcribed later, but no viral DNA replication can 

be detected unless the cell cycle stimulus is provided. In the 

S-phase cells viral DNA replication commences at 8 hpi. 

accompanied by the transcription of most of the remainder of 

the genome, and eventually the production of virion proteins. 

Unfortunately there are two limitations to the use of 

this 3T3-cell model. Firstly, cultures maintained in the G o 
phase represent dying cells, for they cannot be propagated. 
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Thus after continuous serum/medium deprivation the cultures 

become increasingly difficult to handle and accordingly 

experiments cannot be done after 10-14 days. 

Secondly, different 3T3 cell lines vary somewhat in their 

response to MCMV. Thus in some of these lines it has proven 
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The data have been compiled from several studies 
involving MCMV infected S-phase 3T3 cells (solid lines 
and bars) and infected Go-phase 3T3 cells (thin lines and 
open bars). The upper part of the diagram depicts the 
duration and extent of viral protein synthesis. In the 
graph bars represent % of DNA transcribed; lines 
represent number of viral genomes per cell. The broken 
line shows the number of viral genomes per cell following 
addition of fresh medium plus 10% serum to the cells. 

difficult to block completely the spread of MCMV, which 

instead establishes a low level chronic infection. This also 

appli~§to mouse embryo cultures, although we have been able 
.--.. " 

to demonstrate a correlation of cell cycle traverse with MCMV 
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replication in the latter. This problem may be explained by 

the difficulty in obtaining a state of 100% Go phase cells in 

such cultures. 

The first of these limitations was circumvented recently 

in a study of teratocarcinoma cell lines (Dutko and Oldstone, 

1981). The virus could be maintained in a latent state in at 

least one of these 'undifferentiated' cell lines. When such 

cells were induced to 'differentiate' viral replication 

ensued. This system warrants further analysis, although it is 

not clear how the changes taking place in teratocarcinoma 

cells after induction of 'differentiation' relate to 

infections in defined cells in vivo. But it is interesting 

that viral gene expression can be influenced by modulating 

cellular gene expression. 

Another interesting model is that provided by tracheal 

rings cUltivated in vitro. The rings can be maintained for 

long periods of time in vitro, and MCMV establishes a long 

term persistent infection in them. Of particular interest is 

the finding that epithelial cells serve as the reservoir of 

chronic virus production, and that the continuous production 

of infectious virus is dependent upon a continuous low 

turnover of dividing cells (Nedrud et al., 1982). 

We have recently turned our attention to murine 

macrophage cell lines. One of these replicates the virus in a 

very low percentage of the cells, similar to that seen in 

spleen macrophages, but produces substantial amounts of early 

viral proteins. We hope that this system may be useful for 

further study. 

CONCLUSIONS 

It is clear that many factors, host and virus determined, 

operate and interplay during the course of acute MCMV 

infection. Some of these factors also influence the 

establishment and duration of the persistent phase of 

infection. The latter represents the net effect of chronic 

infection in tissues such as submaxillary gland and kidney, 

and a true latent infection in some other tissues such as 

spleen. 
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In the wild the virus seems to have adapted itself to 

provide for the optimal time of transmission and the greatest 

degree of persistence. 

Reactivation of the virus in mice may represent either an 

enhancement of a low level chronic infection in some tissues, 

or a release from a latent infection imposed by constraints 

op'erating in other tissues. The immune system has been 

implicated as a controlling factor, although it is not clear 

how or at what level it may operate. 

The study of several cell culture models has indicated 

that viral gene expression, and ultimately virus replication, 

can be governed by the cell cycle in fibroblasts and possibly 

epithelial cells, and by the cellular gene expression program 

in other cell types. 
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ABSTRACT 
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The infection of Balb/c mice with the murine 
cytomegalovirus (MCMV) served as a natural virus-host system 
to study the in vivo generation of cytolytic T lymphocytes 
(CTL) and their precursors (CTL-P). Two modifications of the 
limiting dilution technique, the in vitro expansion of CTL-P 
in medium containing interleukin only and the in vitro 
activation of CTL-P in presence of interleukin and antigen 
led to the detection of two distinct maturation stages of in 
vivo sensitized virus specific self restricted CTL. A low 
frequency set of CTL-P generated an active progeny in vitro 
in absence of further antigen restimulation and was denoted 
interleukin receptive CTL-P (IL-CTL-P). A high frequency set 
required further antigen in vitro to generate functionally 
active clones and, therefore, is denoted antigen dependent. 
Both sets of cells are generated in vivo only after viral 
infection and are present simultaneously at the peak of the 
acute immune response. The progeny of IL-CTL-P are H-2 
restricted CTL and their generation is not influenced-by 
selective effects of antigen in vitro. Consequently, we 
consider these cells to be the best available representatives 
of the genuine in vivo activated immune repertoire. The 
investigation of the fine specificity of IL-CTL-P will allow 
the definition of those viral determinants which are of 
importance in the antiviral T cell response. 

INTRODUCTION 

Most of the herpesviruses that infect man and animals 

exhibit a high degree of species specificity. Only'HSV 1 and 

HSV 2 are less species specific and are therefore used in 

animal models to study the immune response to herpesviruses. 

It is, however, questionable if the immune defence mechanisms 

operative in these experimental models are identical with 

those operative in the natural host as a consequence of an 

evolutionary acquired balance. Thus it is certainly 

advantageous to study herpesvirus infections in the natural 

host. The murine cytomegalovirus (MCMV) is in its main 

biological features very similar to the human cytomegalovirus 

(HCMV) and, therefore, appears to be an excellent model for 
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the human disease and for persistent and latent herpesvirus 

infections in general (Hamilton, 1982). Both the human and 

the murine primary cytomegalovirus infection are usually not 

accompanied by major symptoms of illness. Apparent clinical 

disease results only if the host is either immunologically 

immature, immunodeficient or immunosuppressed. After primary 

infection a delicate virus-host balance is maintained that is 

characterized by viral persistency, latency and occasional 

reactivation. Although it may be disputed whether a true 

latency with a complete block of viral replication may result 

at later stages of infection, the role of immune control is 

beyond doubt because natural or experimental interference 

with the immune mechanisms will cause viral reactivation and 

severe disease. 

Which are the immune mechanisms that maintain the 

balanced virus-host interaction during infection? Recently it 

has been claimed that it seems very clear that humoral 

immunity is nearly irrelevant to the outcome of HCMV 

infection in the clinical context of greatest interest 

(Osborn, 1981). This could point to the potential role of the 

cellular immune response. A specific CTL response is induced 

during primary MCMV infection (Quinnan et al., 1978; Ho, 

1980) and memory T cells are demonstrable later. However, it 

is open to what extent the T cells contribute to the 

maintainance of the persistent state. Before a central role 

of T cells in the regulation of persistent and latent 

herpesvirus infections can be seriously considered more 

informations on the magnitude, time and place of 

manifestation, and specificity of the T cell response are 

required. In particular, a quantitative evaluation of the T 

cell response and its correlation with stages of infection is 

needed. Furthermore, only if resting T cells can be 

distinguished from activated cells the role of these cells 

during persistent or latent infection can be investigated. 

This report focusses on the description of methods that 

allow the quantification of the MCMV specific CTL response 

and the distinction of different activation stages of CTL-P. 
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Frequency estimation of in vivo activated cytolytic T cell 

precursors 
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The fraction of functionally active cells generated 

during primary infection is usually too small to be 

detectable in conventional 4 h cytolytic assays. Eighteen 

hour assay conditions which are applied to detect the 

activity of small numbers of activated T cells may be 

obscured by the functional activity of NK cells which cannot 

be excluded under these conditions. Furthermore direct 

testing of cell populations from lymphoid organs does not 

allow a quantification since a given cytolytic potential may 

be due to very few cells with strong cytolytic activity or 

many cells with low activity. For the enumeration of CTL 

specific for MCMV the expansion of individual in vivo 

sensitized T cells is required until their clonal progeny is 

large enough to be tested. 

The protocol used in our experiments is depicted in 

Fig.l. Mice were sensitized by footpad infection with MCMV. 

Few days after sensitization the draining popliteal lymph 

node contains both resting and MCMV sensitized T cells. 

During activation and differentiation in vivo a minor 

fraction of those T cells which are sensitized by MCMV 

antigens already acquire the interleukin responsive state. 

These T cells are considered to carry interleukin receptors. 

They should proliferate in vitro and maintain their 

functional activity provided that sufficient interleukin for 

proliferation is present. These conditions were obtained by 

culturing replicates containing variable numbers of lymph 

node cells in presence of pretested interleukins from a rat 

source. To select and expand such cells the draining 

popliteal lymph nodes were removed at different times after 

infection and the cells were distributed at various 

concentrations into microtiter plates in order to expand 

activated CTL and their precursors. Usually 24 or 36 

individual microcultures per cell concentration were set up 

and 8 cell concentrations were tested. CTL-P that gave rise 

to a clonal progeny of effector cells in antigen free media 



152 
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A) antigen·dependent CTL·P = @ 
8) antigen-independent IL-CTL-P = t 

MCMV (Smith-strain) 
footpad 

o 0 

~oo® 
° 0t ° 0 o 0 0 0 

~o ® 
0 0 

I LIMITING DILUTION ASSAY I 
Protocol A: RESTIMULATION 

12 

r--] 
in vitro culture in presence 
of interleukin and antigen 

Protocol B: EXPANSION 

1 12 

H 

in vitro culture in presence 
of interleukin devoid of antigen 

Fig. 1 Schematic description of the experimental 
protocol used to discriminate between different 
maturation stages of in vivo activated antigen specific 
cytolytic T lymphocyte precursors. 

containing interleukin, were termed IL-CTL-P. Another set of 

cells was found to require antigen restimulation in order to 

generate a functionally active progeny. Restimulation and 

expansion conditions were provided by the addition of MCMV 

infected murine embryonic fibroblasts to in vitro cultures 

that also contained interleukins. These antigen dependent 

CTL-P also represent a primed population since in nonprimed 

mice no primary response to MCMV in vitro was detectable. 

After 5-7 days in vitro culture the functional activity of 

the in vitro grown T cells can be tested in conventional 

cytolytic assays. Precursor frequencies were calculated by 

two established independent methods: the maximum likelihood 

estimation (Fazekas de St.Groth, 1982) and the minimum 

Chi-square estimation (Taswell et al., 1981). 
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2.0 Cells I well ( x 10- 3 ) 

2.5 5 10 
1.0 

lie 

Expansion 
f = 11 3667 

0.1 

Restimulation 

f=1/1714 

0.01 

Fig. 2 After infection with 105 pfu MCMV day 8 immune 
lymphocytes were analyzed for the presence of 
antigen-independent and antigen-dependent cells by 
limiting dilution under expansion and restimulation 
conditions. Target cells were MCMV infected murine 
fibroblasts derived from day 18-21 embryos. 

Peak frequencies during primary infections were observed 

between day 4 and 8. In the example given in Fig. 2 mice were 

primed with 105 pfu and the in vitro culture of activated 

cells was set up at day 5 after infection. In the expansion 

protocol the frequency of 1 IL-CTL-P in 4000 lymph node cells 

was determined and under restimulation conditions about 1 in 

1700 lymph node cells could generate cytolytic activity. As 

to be expected the activity was a function of the infection 

dose. However, the increment of activation was remarkably low 

and the increase in relative frequency was accompanied by a 
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decrease in cell numbers when high concentrations of 

infectious virus were used for priming (data not shown). At 

the same time the contralateral lymph node contained very few 

CTL-P which indicates that the primary immune response is 

mainly local and there is little migration of activated 

cells. Despite of the cellular immune response in the 

draining lymph node, about three weeks after local infection 

the virus could be detected in the salivary gland which 

appears to be the privileged organ for MCMV replication 

during infection. The frequency estimates for the CTL-P may 

change between individual experiments due to age, sex, and 

health conditions of mice. However, the detection of in vivo 

activated cells that can be expanded under antigen free 

conditions is reproducible and even the ratio between the 

antigen-dependent and -independent cells was found to be 

constant in several experiments. 

The different subsets of cells that utilize interleukins 

are precursors of antigen specific cytolytic T cells 

The in vitro antigen restimulation has been used to 

reactivate cytolytic T cells from the memory state. Effector 

cells generated that way are H-2 restricted and carry the Lyt 
- + 1 , 2 phenotype. On the other hand, the lineage of the cells 

that generate a functionally active progeny in the presence 

of interleukins requires further characterization since it 

has been reported that NK cells contribute to effector 

mechanisms in the early response to MCMV (Quinnan et al., 

1979) • 

The requirement for interleukin was tested by adding 

different doses of interleukin to cell cultures. It was found 

that in microcultures containing low numbers of cells no 

response could be generated in absence of interleukin while 

at higher cell numbers some growth was seen, probably due to 

interleukin produced and released from cells within the 

culture. Growth and functional activity could be amplified by 

additional application of interleukin. Cytolytic function 

increases with increasing interleukin concentrations 
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TABLE 1 The generation of cytolytic activity is 
supported by interleukins. 

Target cells 
IL-dose MCMV-MEF Rabies-MEF n.i.MEF n.i.Balb 3T3 

0 14 1 

2.5 23 1 

5 29 3 1 

10 34 9 2 

20 38 16 4 2 

Day 6 immune lymph node cells (105 pfu MCMV) were expanded 
for 6 days under oligoclonal conditions with various doses 
(v/v) of interleukin from Concanavalin A activated rat 
splenocytes. The cultures were split five-fold and tested 
twice on syngeneic MCMV infected embryonic fibroblasts 
(MCMV-~illF, split control) as well as on a syngeneic cell line 
(Balb 3T3), noninfected target cells (MEF) , and on MEF 
infected with an unrelated virus (Rabies-~illF). The median 
values of cytolytic activity, expressed as % specific lysis, 
are given. 

(Table 1). At high concentrations of interleukin some 

nonspecific activity was seen also on target cells infected 

with an unrelated virus which was not used for priming. The 

lytic activities of cells from individual microcultures 

against the two types of virus infected target cells were 

analyzed by the rank correlation test and found to be not 

correlated. Thus, a separate population with the capacity to 

lyse irrelevant target cells proliferated in cultures that 

contained high concentrations of interleukin. Indeed, it has 

been reported that NK-like cells may be capable to utilize 

interleukin (Dennert et al., 1981). In another set of 

experiments, IL-CTL-P derived from the Balb/c and the C 57 

BL/6 strain were tested for lytic activity against syngeneic 

and allogeneic infected and noninfected target cells (Table 

2). It was found that the IL-CTL-P derived effector cells are 

self-restricted which strongly argues against NK cells. 
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TABLE 2 IL-CTL-P derived effector CTL are self 
restricted 

Responder cells 

Target cells (MEF) Balb/c (H_2 d ) C57 BL/6 (H-2b ) 

Balb/c-MCMV 33 5.5 

C57 BL/6-MCMV 8 14.5 

Balb/c not infected 0.5 4.5 

C57 BL/6 not infected 1 0.5 

Balb/c and C57 BL/6 day 6 immune lymph noge cells were 
cultivated under expansion conditions (10 cells/well). 
After six days the cultures (N=24) were split fourfold 
and tested on the four fibroblast target cells. The 
median values of cytolytic activity are given. 

In addition, the surface phenotype of the IL-CTL-P 

derived effector cells was determined (Table 3). Effector 
+ - + cells express the Thy 1 , Lyt 1 ,2 phenotype. Thus, by self 

restriction and by Lyt phenotype IL-CTL-P could be 

distinguished from activated NK cells and clearly belong to 

the cytolytic T cell lineage. 

TABLE+3 IL-gTL-~ derived effector cells express the 
Thy 1 , Lyt 1 , 2 phenotype 

Treatment % spec. lysis on MCMV-VillF Sensitivity 

Complement 22 
anti Thy 1.2+C 6.5 + 
anti Lyt 1.2+C 22 
anti Lyt 2.2+C 5.5 + 
Effector cells grown under expansion conditions 
for 6 days were treated with monoclonal antibody and 
complement and then tested without correction for cell 
numbers in the 4 h cytolytic test. Median values of N=24 
individual microcultures in each group are given. 
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DISCUSSION 

We have demonstrated that after infection with MCMV 

cytolytic T cell precursors are generated in vivo which can 

be expanded in vitro to generate a functionally active 

progeny. These precursQrs occur as a consequence of the 

priming event and are absent in normal mice. By applying 

different in vitro culture conditions two subsets could be 

discriminated which coexist in the lymph node draining the 

infected site (Reddehase et al., 1982). One set of low 

frequent antigenspecific CTL-P was defined and positively 

selected by the ability to utilize interleukins and the cells 

were therefore termed IL-CTL-P. A more frequent cell type 

needed in addition to interleukins stimulation by antigen to 

mature to functional capacity and was designated antigen 

dependent CTL-P. The different sets probably reflect separate 

maturation stages in the sequence from the virgin T cell 

precursor to the terminally differentiated CTL. It is open to 

further investigation whether those cells that require 

antigen stimulation in vitro to. generate an active progeny 

represent an immature state in the maturation pathway, or 

whether they belong to the early memory pool. So far it is 

also unclear whether the antigen dependent cells, although 

they are specifically sensitized by MCMV, will contribute to 

the antiviral cellular immune response during acute infection 

or during the persistent stage at all. On the other hand, the 

IL-CTL-P show all characteristics attributed to functionally 

active CTL. We think, therefore, that the expansion protocol 

permits the best available approach to the analysis of the in 

vivo active CTL. Our test system offers several advantages 

for the analysis of the role of cytolytic T c~lls during 

acute, latent and persistent herpesvirus infections: 

1. In the expansion protocol the definition of frequency 

and specificity of individual clones is not influenced 

by the selective effects of antigen restimulation in 

vitro. The functional activity of monoclonal or 

oligoclonal T cell populations is tested. Thus, the 

putative existence of effector cells recognizing viral 
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antigens that are correlated with the different stages 

of the virus replicative cycle is open for 

investigation. 

2. The experimental protocols allow the distinction between 

active and functionally inactive but sensitized T cells 

at all stages of infection, and hence active T cells 

which may be present at later stages of infection can be 

identified in spite of the presence of a memory cell 

pool. 
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The trigeminal ganglia of latently BHV-l (IBR** strain) 
infected calves are known to harbour viral DNA. To test if a 
IPV-virus strain would lead to a latent infection in sacral 
ganglia, two calves were inoculated intravaginally with a 
strain of BHV-1 known to cause IPV. The calves were treated 
with dexamethasone (OM) 5 weeks and 10 weeks p.i. The 
antibody responses to IBR and IPV were monitored throughout 
the experiment, and the calves were slaughtered at a latent 
stage of infection. 

Titers of antibodies neutralizing IPV-virus but not 
those neutralizing IBR-virus increased after OM treatment. 
IPV-virus reexcretion was observed in the vaginal swabbings 8 
and 9 days after the onset of OM administration. Thus, 
latency of IPV was verified at the time of slaughtering by 
seroconversion, absence of virus shedding and virus 
recrudescence after OM treatment. 

By in situ hybridisation techniques and autoradiography, 
DNA of BHV-1 was detected in 10 of 20 sacral ganglia of 
latently infected calves. Viral DNA was restricted to the 
nucleus of nerve cells. The results obtained correspond to 
those known from nasal infections with IBR strains leading to 
a localisation of viral DNA in trigeminal ganglia. 

*) IPV 
**) IBR 

Infectious Pustular Vulvovaginitis 
Infectious Bovine Rhinotracheitis 



ON THE LATENCY OF INFECTIOUS BOVINE RHINOTRACHEITIS VIRUS 

INFECTION AND ITS SIGNIFICANCE, ESPECIALLY WITH 

REGARD TO THE POSSIBILITY OF CONTROLLING INFECTION 
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Results of investigations performed from 1969-197l clearly 
demonstrated latency of infectious bovine rhinotracheitis (IBR) 
virus infections in experimentally as well as naturally 
infected cattle. It was concluded that latency after infection 
is the rule rather than the exception. Persistence of 
infections in herds as a result of this could readily be 
demonstrated in many cases. In some herds very long periods, as 
much as one to two years, elapsed between the spread of 
infection, and in some cases the infection actually 
disappeared. From the results obtained, it was concluded that 
control and eradication of IBR virus infections would be 
feasible. Some epidemiological data relating to the occurrence 
and eradication of IBR virus infection in Danish AI centres are 
briefly reviewed, and an attempt to eradicate the infection in 
a herd of beef cattle is described: this was initiated 3 years 
ago and has so far been successful. 

INTRODUCTION 

Studdert et al. (1964) demonstrated virus in the prepuce 

of a bull 26 days after inoculation with infectious bovine 

rhinotracheitis (IBR) virus, and Snowdon (1965), who examined 

an experimental genitally infected bull regularly over 19 

months, found virus in its prepuce on several occasions during 

the first year. He also demonstrated intermittent release of 

virus from the vagina of a heifer and found virus in nasal 

swabs from another one as late as 17 months after intravenous 

inoculation. 

This was the current state of knowledge about the latency 

of IBR virus infections in cattle when the first cases were 

diagnosed in Denmark in January 1969. Virus was isolated from 

semen and preputial washings of bulls at an AI centre and from 

vaginal samples of cows inseminated with semen from the centre. 

The present paper will give results from investigations 

subsequently undertaken with the aim of further elucidating 
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this phenomenon and its significance, especially with respect 

to the possibility of controlling infection. 

GENITAL AND RESPIRATORY INFECTION IN BULLS 

Experimental infection (Bitsch, 1973) 

In March 1969 a bull (Bull A) was inoculated nasally and 

preputially with a Danish genital isolate of IBR virus. An 

in-contact bull (Bull B) was inoculated into the prepuce after 

6 weeks, as preputial washings of this bull had so far been 

virus-negative. After 120 weeks the bulls were given injections 

of prednisolone. 

Results from examinations of preputial washings and blood 

samples collected at regular intervals are illustrated in 

Figure 1. After the primary infection phase virus was 

demonstrated in a nasal swab from Bull B after 1 year and in 

nasal samples from both bulls after more than 2 years after 

prednisolone treatment. 

Semen collected during periods of preputial virus release 

was tested for virus and the titer was found to parallel that 

of the corresponding preputial washing. 

Natural genital infection (Bitsch, 1975) 

Data concerning all virus-positive preputial waShings from 

naturally infected bulls are recorded in Table 1. Three samples 

were taken during the primary phase of infection. In one bull 

virus was demonstrated as late as 4 years after it had been 

found serologically positive. 

For the bulls from Centre B with virus-positive washings, 

virus was demonstrated in 11 of 27 samples (41%) taken from 

February-April 1969, in 7 of 32 samples (22%) taken from 

May-October 1969 but in none of 17 samples taken in 1970 and 

1971. 

Conclusions 

From the results obtained in the investigations of both 

experimental and natural infections it was concluded that 
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TABLE 1 Isolation of IBR virus from preputial washings of 
naturally infected bulls and relevant virus-neutralizing anti-
body (VNA) titers. 

Bull AI centre Preputial washing Blood sa,mple 

date of virus 1 ) date of VNA 2) 
collection titer collection titer 

TS B 9/1 69 105 . 2 9/1 69 negative 
4/2 69 8 

TN B 9/1 69 10 4 . 5 9/1 69 negative 
14/3 69 10 1 . 8 4/2 69 8 

SAt B 9/1 69 10 1.8 9/1 69 2 
6/2 69 10°·2 4/2 69 8 

SJ B 9/1 69 10°. 5 9/1 69 0.5 
15/4 69 10°. 2 4/2 69 4 

RS B 
10-0 • 2 

9/1 69 2 
6/2 69 4/2 69 4 

SH B 6/2 69 10 1.2 4/2 69 5.6 

SAn B 6/2 69 10-0 • 2 4/2 69 1 
13/5 69 10°·5 

3/6 69 10°·8 
27/6 69 10° 1/9 69 2.8 

AA B 6/2 69 10° 4/2 69 
14/2 69 10° 
8/3 69 10-0 . 2 

14/3 69 10°·5 1/9 69 22 

SV B 6/2 69 102 . 2 4/2 69 2.8 
13/5 69 102 . 2 1/9 69 11 

TT B 3/6 69 10° 4/2 69 5.6 

SE B 4/2 69 4 
1/9 69 10° 1/9 69 5.6 

SAg B 
10°·8 

4/2 69 5.6 
1/9 69 1/9 69 5.6 

MF M 9/2 71 10° 28/2 70 5.6 
16/2 71 10°·5 18/12 70 5.6 

(Ill (Il 6/12 73 10- 1 14/11 69 2.8 

1 . TCID50 per 0.1 ml 

2. Virus-serum mixtures incubated at 37°C for 1 hour. 
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latency of IBR virus infections is a life-long condition and 

that any previously"IBR virus infected animal should be 

regarded as a potential threat of infection to uninfected 

animals. Nevertheless, some results indicated that the risk of 

recurrent shedding of virus was reduced after the first 4 or 6 

months. 

In periods with intermittent virus production the amounts 

of virus excreted were considerably lower than during the 

primary infection phase. Attempts to eradicate IBR virus 

infections in herds should therefore have a good chance of 

success, but only if infected animals are separated from 

uninfected ones and precautions are taken to prevent indirect 

transmission of virus from the infected group. 

It is worth emphasizing that control of IBR virus 

infection is essential in AI centres in areas where this 

infection is unwanted. 

PERSISTENCE OF IBR VIRUS INFECTIONS IN HERDS 

AI centres (Autrup and Bitsch, 1978) 

All 45 Danish AI centres were tested serologically between 

1969-1970. In some of the 4 centres in which the infection had 

been spread to a high proportion of the bulls, observations 

strongly indicated that spread had occurred on more than one 

occasion. 

In one centre seropositive bulls were separated from the 

other animals and slaughtered shortly thereafter. In the three 

other centres infected animals were kept apart from uninfected 

ones, but only in the final phases were the two groups kept in 

separate houses. In one of these centres, with 10 seropositive 

animals out of. 28 in 1970, a new reactor was found after one 

year, and the circumstances indicated that it had become 

infected by the respiratory route. In the other two centres; 42 

of 45 animals and 64 of 96, respectively, were found infected 

in 1969, but no later spread occurred, even though 

epidemiological data indicated that both genital and 

respiratory infections had previously occurred in one of the 
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centres. 

From March 1974 all reactors but one have been 

slaughtered, and the infection could be considered to have been 

successfully eradicated in Danish AI centres. 

Breeding herds (Bitsch, 1978a) 

In many herds, where female animals were infected after 

AI, the infection remained in a genital form. Control of the 

infection in AI centres thus automatically lead to the 

disappearance of infection. 

In other herds, which were found to have experienced 

respiratory infection, the later course of infection varied. 

In one herd (JJu) the infection was concluded to have been 

spread among the animals in 1969 as a respiratory infection 

following introduction by AI. Only 3 'old cows', which could 

not be further identified, were positive in 1977, indicating no 

spread after 1969. (An outbreak diagnosed by virus isolation in 

1982 was considered to have been caused by the introduction of 

an infected animal shortly before) . 

In another herd (PC), where in 1969 practically all 

animals had recently shown symptoms of IBR, only 2 of 57 

animals over 6 months of age were found to be seronegative. A 

test of the whole herd in 1977 indicated that no spread had 

occurred later on. 

In a third herd (KN) serological examination in 1977 (40 

animals) demonstrated no further spread after the one 

demonstrated by testing in 1972. 

In a fourth herd (SK), where in 1969 all the seropositive 

animals (9 of 20) were found to be the oldest animals in the 

herd, serological testing of 42 animals in 1977 demonstrated 

that no further spread had occurred. 

In a fifth herd (CM¢), with poor ventilation, serological 

tests from 1969 to 1977 clearly demonstrated respiratory 

infection with spread on several occasions. 

In a sixth herd (JB), testing in 1974 demonstrated that 

extensive spread had occurred more than one year earlier. Tests 

in 1977 and 1980. demonstrated subsequent spread, resulting in 



isolated new cases of infection (1977) and infection of a 

proportion of the previously uninfected part of the herd 

(1980) . 

In a herd of beef cattle (CH) serological tests in 1970 

and 1971 disclosed that an extensive respiratory spread had 

occurred before 1970. Tests in 1977 demonstrated a few later 

cases of infection. 
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In conclusion, the serological examinations described 

above have shown not only that IBR virus infection has 

persisted in several herds, but also that in others there was 

no further spread of infection after the initial outbreak. 

Consequently, it should be practicable to eradicate 

respiratory infections in conventional herds. Preliminary 

results from such an attempt are given below. 

Eradication of IBR in a herd of beef cattle 

In November 1979 all 194 of 196 animals over 1 year of age 

compared to only 9 of 74 calves 4-10 months of age, were found 

to be serologically positive. Three months later, six of the 

positive calves were found to be negative (colostral antibody). 

Seronegative calves were placed in a separate house on the 

same premises as positive animals. The same procedure was used 

for young calves the following two years. A very few calves 

were found to be infected and were excluded. In addition, two 

bull calves, which were first found to be seronegative and were 

thereafter kept isolated together, were later found to be 

seropositive. Generally, maternal antibody persisted in the 

calves for 3 to 7 months. 

The negative part of the herd now comprises 26 cows aged 

3-3 1/2 years, 42 heifers aged 2-2 1/2 years, and approximately 
1 30 calves aged 1-1 /2 years. 

Finally it should be emphasized that for control and 

eradication purposes it is essential to employ a test that can 

be considered sensitive enough to detect all antibody carriers. 

The test used in Denmark is a modified virus-neutralizing 

antibody test described earlier (Bitsch, 1978b). 
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Bovine herpesviruses have been grouped into bovid 
herpesviruses types 1 to 6 (BHV-1 to 6) on the basis of 
historical considerations, serological findings and restriction 
endonuclease cleavage patterns of their DNAs. BHV-1 covers the 
"IBR-like" and "IPV-like" genome types which correlate with 
defined clinical entities. BHV-2 represents the bovine herpes 
mammillitis virus. BHV-3 is the malignant catarrhal fever (MCF) 
virus, representing both attenuated strains and the African 
form. BHV-4 comprises a variety of strains which are either 
passenger viruses or from disease outbreaks and which have 
siminlar genome cleavage sites. BHV-5 stands for the 
herpesvirus ovis found associated with sheep adenomatosis. 
BHV-6 represents a new goat herpesvirus antigenically related 
to BHV-1. All these bovine herpesviruses have the capacity to 
remain latent in their host and may be reactivated. 

INTRODUCTION AND HISTORICAL REMARKS 

A comprehensive view of bovine herpesviruses has recently 

been given (Ludwig, 1982), which is based on clinically 

oriented reports (Kokles, 1967; Plowright, 1968; McKercher, 

1973; Cilli and Castrucci, 1976; Gibbs and Rweyemamu, 1977; 

Straub, 1978) and which updates our present knowledge on 

molecular bioiogy and disease mechanisms. Therefore, this 

present review is succinct. 

Besides their uniform morphology (Wildy et al., 1960) and 

their uniqueness in using the nucleus in the process of 

replication and maturation (Roizmann, 1978) all the bovine 

herpesviruses may be assumed to remain latent in the infected 

organism. This may occur in different ways and at different 

sites. 

Based on earlier efforts to group bovine herpesviruses, I 

have proposed a classification (Table 1) scheme for known 
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herpesviruses of bovidae. They are named bovid herpesviruses 

types 1 to 6 and abbreviated BHV-1 to -6. 

BHV-1 is found worldwide and is associated with different 

clinical entities, the most prominent ones affecting the 

respiratory or genital tracts. It should be pointed out that in 

these very early reports on "BIHschenausschlag" (Zwick and 

Gminder, 1913; witte, 1933) no connection was noticed between 

infectious pustular vUlvovaginitis and abortions. After 

isolation of a herpesvirus from infectious bovine 

rhinotracheitis (Madin et al., 1956) this virus was then 

reported from several other countries. 

Reports on BHV-2 cam from Africa (Huygelen et al., 1960 a, 

b) and from England (Martin et al., 1966) where the clinical 

picture of mammillitis had been described much earlier (Hare, 

1925). Since then, the virus has been recognized in several 

other European countries and in North America (Cilli and 

Castrucci, 1976), and its biological properties are well 

established (Sterz et al., 1973/74; Ludwig, 1976, 1982). 

The malignant catarrhal fever which occurs in defined 

clinico-pathologicial entities as "B6sartiges Katarrha1 Fieber" 

(G6tze und LieB, 1929) or "Snootsiekte" (Mettan, 1923) has been 

investigated intensively by Plowright's group and will be 

discussed at this meeting (Plowright, 1982). We categorized 

this virus as BHV-3. 

Various other isolates made form cattle and buffalos which 

have been identified as herpesviruses (for review, see Gibbs 

and Rweyemamu, 1977), form a rather uniform group of viruses 

and are classified as BHV-4 (Ludwig, 1982). 

The virus which seems to be involved in "Jaagsiekte" in 

sheep, known in European countries as sheep pulmonary 

adenomatosis (Mackay, 1969; Verwoerd et al., 1978; De Villiers, 

1979) is grouped as BHV-5. 

BHV-6 comprises isolates originating from goats. This 

virus has recently been separated from BHV-1 (IBR/IPV viruses) , 

although it is closely related to them (Engels et al., 1981). 

Serological studies show that it seems to be present not only 

in Switzerland and California, but that it is also latent in 
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Legend to TABLE 1 

a) These different herpesvirus groups do not cross-react by 
neutralization, except BHV-l and 6. 

b) The term bovid was used to keep the scheme open for 
isolates from all bovidae. 

c) The established names together with abbreviations commonly 
used are given. 

d) The serological cross-reactivity of isolates or data from 
restriction endonuclease analysis of the DNA together with 
historical considerations are the basis for the above 
proposed nomenclature. 

e) No herpesvirus has unequivocally been attributed to this 
syndrome in European countries. 

f) This virus had already been proposed as bovid herpesvirus 
4 (Roizman et al., 1973), when the above various 
herpesvirus isolates from cattle were not yet 
characterized. 

Reference strains: 
g) strain LA (Madin et al., 1956) 
h) strain TVA (Rweyemamu and Johnson, 1969) 
i) strain WCll (Plowright et al., 1965) 
j) strain Movar 33/63 (Bartha et al., 1966) 
k) strain JS-3 (De Villiers, 1979) 
1) strain E/CH (Mettler et al., 1979). 

goats in Greece, Turkey and other countries (Leiskau and 

Engels, unpublished). 

The most pathogenic virus for bovines is the pseudorabies 

(PsR) virus which was first isolated from a fatally diseased 

cow (Aujeszky, 1902). The natural host of this virus, however, 

seems to be the pig, and it is therefore grouped as herpesvirus 

suis. 

Present knowledge on molecular biology 

On the basis of all known molecular biological data and 

biological criteria, BHV-1, -2 and -6 have been placed in the 

subfamily alpha-herpesvirinae, BHV-4 in the beta-herpesvirinae, 

and BHV-3 in the gamma-herpesvirinae. 

The general principles of virus-ceIl-interactions known 

for bovine herpesviruses are comparable to those of much better 

studied groups like HSV, PsR virus, CMV, EBV or herpesvirus 

saimiri. Electronmicroscopy has been a valuable tool to study 

the assembly and maturation of these viruses and to identify 
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new isolates. This has been of special importance for viruses 

which could not be grouped serologically and which we now 

classify as BHV-4 (Fig. 1, Fig. 2). 

Fig. 1 A BHV-3 (malignant cata~rhal fever virus, strain 
Well) infected bovine fetal skin cell. Partially assembled 
nucleocapsides can be seen in the nucleus, and in the 
cytoplasm complete capsids - as judged from the typical 
electron dense core structure - are evident. 
Magnification: 27.000; bar: 1 ~m. 
Courtesy: Hans Gelderblom. 

As with all other double stranded DNA viruses, the use of 

the restriction endonuclease "fingerprinting" technique which 

was successfully applied in epidemiological studies of HSV-, 
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Fig. 2 Various bovine herpes viruses, showing peculiar 
features in maturation, morphogenesis and egrees in bovine 
fetal skin cells. (a) Capsids of BHV-l (strain VIOl) 
become enveloped at the plasma membrane. (b) BHV-4 (strain 
UT) particles: one of them in progress of budding into the 
endoplasmatic reticulum. Magnification: 70.000; bar: 100 
nm. (c) Nuclear and cytoplasmatic distribution of 
enveloped and naked BHV-2 (strain TVA) capsids. 
(d) Aggregate of mature, enveloped particles of BHV-4 
(strain Movar 33/63) within the nucleus. Magnification: 
18.000; bar: 500 nm. 
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PsR- and feline herpes virus infections (Buchman et al., 1978; 

Ludwig et al., 1981; Herrmann et al., 1982a; Herrmann et al., 

1982b) has considerably improved our knowledge about bovine 

herpesviruses. Physical maps for BHV-l (Skare et al., 1975; 

Skare, pers. communication) and BHV-2 (Buchman and Roizman, 

1978a, b) are known. They resemble those of PsR virus and HSV, 

respectively. BHV-6, most probably, falls into the same group 

as BHV-l, wheras the maps of type 3, 4 and 5 viruses have not 

yet been established. A summary of DNA cleavage patterns of the 

various bovine herpesviruses using different enzymes is given 

in Figs. 3 and 4. There is no doubt that restriction enzyme 

analysis is the method of choice for quick and accurate 

classification of these viruses. This allows for the separation 

of the goat herpesvirus (BHV-6) from BHV-l where a close 

serological relationship exists. For BHV-3, and the different 

strains grouped together in BHV-4, this report is currently the 

only one which allows separation of these viruses into two 

groups, since several isolates in the BHV-4 group arose from 

MCF-like cases. 

It was of special interest for us to establish the DNA 

pattern for MCF viruses. For this purpose, viral DNA from 

infected cells which showed herpesvirus particles after 

inoculation with WC 11 or C 500 strain was investigated. The 

DNA cleavage pattern shows that there are none or only a small 

number of simil.arities in the molecular weight of fragments, 

when BHV-3 and -4 strains are compared (Fig. 4, Table 2). The 

BHV-4 group seems to incorporate a variety of bovine 

herpesvirus isolates, from which we have investigated a few 

reference strains derived from less defin~d clinical entities 

or even from normal tissue culture (Ludwig, 1982). 

Restriction enzyme analysis of the viral DNA seems to be 

an excellent tool to detect subgroups of bovine herpesviruses 

and even to recognize variants in different strains. In our 

studies we have selected enzymes specific for fewer cleavage 

sites, thus yielding fragments, allowing for better grouping of 

strains (Roizman and Tognon, 1982; Herrmann et al., 1982b). 
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Fig. 3 A Comparison of the Eco RI and Bam H I DNA 
restriction patterns of bovine herpesviruses types 1 to 6 
indicated in the lanes: 1 (left lane, BHV-l "IBR-like"); 1 
(right lane, BHV-l "IPV-like"); 2, BHV-2 (strain TVA); 3, 
BHV-3 (strain WC 11); 4, (left lane, BHV-4, strain Movar); 
4 (right lane, BHV-4, strain DN-599); 6, BHV-6 (strain 
E/CH); M, Pseudorabies virus (Bam H I fragments serve as 
molecular weight markers). DNA-fragments were separated by 
electrophoresis on 0.8% agarose slab gels at 40 V for 18 
hours. Gels were stained (ethidiumbromide 1 ~g/l) and 
photographed under UV-transillumination (302 nm) with a 
Polaroid land camera. 
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Fig. 3 B Comparison of the Bst E II and Bam H I DNA 
restriction patterns of BHV-l, -2, -3, -4 and -6; the same 
strains and conditions were used as given in Fig. 4 A; 
left M is PsR virus digested with Bst E II, right M is PsR 
virus digsted with Bam H I. 
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Fig. 4 Comparison of the Bst E II and Pst I DNA 
restriction patterns of BHV-4 strains; lanes: 1, strain 
DN-599; 2, strain Storz buff.; 3, strain Movar; the 
strains used in lanes 4,5 and 6 are the same ones as in 
1,2 and 3. The same conditions were used as given in Fig. 
4 A. 
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BHV-1 strains could be separated into two groups, "IBR-like" 

and "IPV-like"; strains from the first group also appear to be 

responsible for abortion. These groupings were originally 

suggested as a result of studies on latent BHV-1 viruses 

reactivated from normal fetuses (Ludwig and Storz, 1973; Storz 

et al., 1980; see also, Pauli et al., 1982, this issue). 

Since no serological means exist to differentiate strains 

which we have grouped within BHV-4, DNA analysis is the only 

available tool for use in shedding some light on the unity and 

diversity of these isolates (Fig. 4). There are slight 

differences in strains originating from Europe and the United 

States. However, with strains that have been examined so far, 

no clear correlation with clinical entities could be made. To 

our surprise these strains could convincingly be grouped 

together based on their DNA patterns. This suggests that these 

viruses are spread worldwide, and that they coexist with bovine 

animals and usually do not harm them. They may fill a special 

niche in the interaction of virus and organism and, if a 

comparison is sought for, they may be found to be similar to 

the cytomegaloviruses (CMV) of man. Although a variety of 

isolates seem to fall into this group their molecular biology 

is almost unexplored. 

The only data on BHV-5 which have been reported to date 

stem from De Villiers (1979) but no detailed studies on the 

physical map of the genome exist. 

The reason for designating goat herpesvirus as BHV-6 came 

from DNA studies performed in our laboratory (Engels et al., 

1981). Previously this virus could not clearly be 

differentiated from BHV-1, and this was supported by our 

antigen and protein studies. The DNA cleavage pattern, however, 

sets it apart completely from the "IBR-like" and "IPV-like" 

genomes. Its DNA is cleaved in a unique way only at one place 

at different locations though, with two different enzymes -

which points to molecular properties of the DNA not known in 

any other herpesvirus. The sequence arrangement of the DNA, 

most probab~y comparable to that of BHV-1, remains to be 

established, as does its genetic relationship to BHV-1. 
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Like other herpesvirus groups (those of humans, horses or 

pigs), it is not surprising that the bovine herpesviruses do 

not or only insignificantly cross-react with each other. There 

is no overt cross-neutralization with the exception of BHV-1 

and -6 (Engels et al., 1981). The antigenic cross-reactivity 

involves envelope structures which can be more easily defined 

using monospecific sera (Engels et al., manuscript in pre­

paration). Our findings of a lack of cross-reactivity between 

BHV-3 and -4 support their separation into different groups 

(Table 3). The antigens of BHV-2 have been characterized to 

some extent (Sterz et al., 1973/74; Norrild et al., 1978; 

Ludwig, 1982). BHV-2 is the only bovine virus which closely 

cross-reacts with HSV and the simian B virus (Ludwig et al., 

1982). Looking at the proteins involved in the immune response 

of BHV-1 and -2 infections, glycoproteins of apparent cular 

weights between 100 and 120 x 106 seem to playa major role. 

These are the only two viruses where more detailed antigen and 

protein studies have been reported (Sklyanskaja et al., 1977; 

Norrild et al., 1978; Pastoret, 1981; Ludwig, 1982). Further 

details on BHV-1 antigens and proteins are reported in this 

issue (Pauli et al., 1982). 

Diagnosis of infection 

The experience clinician and pathologist will be able to 

diagnose BHV-1, -2, -3 and -5 infections without any problems, 

whereas BHV-4 and -6 infections might be much more difficult 

(Table 5). In all cases the isolation of viruses by in vitro 

assay systems was successful. The different groups are 

characterized by their differences in host range and especially 

by individual growth properties in tissue culture (Fig. 5) by 

cytopathic effect and by virus output (Table 4). Specific 

antisera are available for BHV-1, -2, -3 and -6 to facilitate 

laboratory diagnosis. The BHV-4 group usually does not give 

rise to natural antibodies, and there have been no reports of 

experimentally prepared specific antisera. 

Besides serological methods of characterizing these 

viruses, molecular biological techniques have, during the last 
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few years, considerably improved our chances of diagnosing 

bovine herpesvirus infections, once isolates have been obtained 
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Clinical importance 

The clinical symptoms caused by the different bovine 

herpesviruses are governed by a variety of factors, which have 

been detailed in a previous review (Ludwig, 1982) and should 

only briefly be mentioned here. 

Certainly the virulence of the virus and the site of 

infection - generalized or localized to individual 

organs - playa role. How host defence mechanisms are involved 

in the clinical disease or in suppression of the disease has 

been studied mainly for BHV-1, -2 and -3 infections (Rouse and 

Babiuk, 1978; Cilli and Castrucci, 1976; Gibbs and Rweyemamu, 

1977; Ludwig, 1976; Plowright, 1968). 

Information of the immune response against BHV-4, -5 and 

-6 infections is very sparse. In general, it has been observed 

that even with elevated antibody levels, reactivation and 

shedding of virus may occur. For BHV-1 infections, it has been 

shown that the immune status of the host may influence virus 

reactivation and disease (Pastoret, 1981). 

The importance of cell mediated immunity and the effect of 

interferon production on BHV-1 infection have been reviewed and 

will not be discussed here (Rouse and Babiuk, 1978). 

The economic importance of the individual bovine 

herpesvirus infection has definitely changed in the last 30-50 

years. The ways in which cattle, sheep and goats - to mention 

the most important reservoirs of these viruses - are treated 

will influence outbreaks of diseases. Crowding of animals - and 

by this - creation of stress situations, which may lead to 

immunosuppression, have led to serious outbreaks of IBR in the 

last years. The rapid passage of virus through a large 

population of animals might be one of the reasons that more 

virulent recombinants evolve. Other reports in this meeting may 

support this view. 

Outlook 

Investigations of bovine herpesviruses will always be 

governed by economic importance and not so much by academic 

interest. It remains a major challenge to determine the 

complete genomic structures of the six virus types, which have 
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been identified so far. The best candidates for this are BHV-1 

and -6 because of their quick replication and high virus yield. 

At the moment the possibility that the goat herpes virus 

(BHV-6) represents a host-restricted natural recombinant of 

BHV-1 cannot be excluded. 

Research on BHV-2 should be carried out because of its 

special dermatotropism and because of its remarkable fusion 

activity both in vitro and in vivo. Furthermore, this virus is 

the only one sharing major common antigenic determinants with 

human and primate herpesviruses. 

BHV-3 infections in cattle and rabbits could serve as 

excellent additional models for studying the pathogenesis of 

lymphoproliferative diseases. The increasing number of isolates 

probably falling into the BHV-4 group should attract further 

interest in the role these passenger viruses play in disease 

processes. 

The bovine herpesviruses are in many ways analogous to the 

human and primate herpesviruses. For example, the high lytic 

BHV-l, -6 and BHV-2 are comparable with HSV or B virus in their 

natural hosts. The slow growing BHV-4 viruses have 

characteristics of CMV. The tumor-associated BHV-3 shares 

similarities with EBV, herpesviruses saimiri or ateles. 

Evolution of herpesviruses in one host might exclude and 

eliminate those herpesviruses with strong antigenic 

cross-reactivities. 

Generally speaking, BHV-l infections of the "IBR-like" 

type still seem to be of great importance. The genital form 

caused by the "IPV-like" viruses appears to be of less 

significance. 

Whether vaccination with modified live virus is an 

adequate way to prevent BHV-1 outbreaks must be carefully 

considered. Inactivated vaccines or immunization with major 

immunogenic components may either be more reasonable 

alternatives. 

The importance of BHV-2 infections seems to have dwindled 

in the last 10-20 years. This disease only appeared in 

localized areas, mainly in England. BHV-3 infections (malignant 

catarrhal fever) in European countries are becoming more and 
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more sporadic. However, in Africa, where the virus is endemic, 

overt infections in ungulates can cause considerable losses. 

Further studies should show whether the BHV-4 group is 

merely of academic interest or whether it possibly plays a 

greater role in large herds of animals where stress factors 

could contribute to activation of various diseases associated 

with these viruses. 

BHV-6 infections seem mainly to affect young goats. There 

are only two reported outbreaks of this disease in the world, 

and this might reflect a lack of clinical importance. Little 

information exists about the spread of infection in goat 

flocks; recent studies point to the presence of BHV-6 also in 

Greece and Turkey. 

As yet all members of the 6 groups so far seem to have the 

capacity to remain latent in their host and may be reactivated, 

although the nature of the persistent infection in BHV-3 and -4 

is less clear than for the others. 

Studies with bovine herpesviruses will always have the 

great advantage of a unique immunological situation. Large 

quantities of serum or immunocompetent cells and even blood or 

organ cells from the same animal may be used over a period of 

years. Since bovine cells can be grown in the animal's own sera 

and then injected into the original host, experiments may be 

done under syngeneic conditions. 
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Three calves vaccinated with a live attenuated vaccine 
against IBR were challenged 9 weeks later with a field isolate 
of IBR virus. The calves were protected against clinical 
illness and the excretion of challenge virus was reduced 
compared with the control animal. Two months and seven months 
after challenge the 4 calves were treated with corticosteroid 
and all re-excreted IBR virus on both occasions. Using 
different biological properties of the vaccine and field virus 
the re-excreted isolates were shown to be principally field 
virus although vaccine virus was also recovered. Restriction 
endonuclease (RE) analysis of some of these isolates has 
confirmed that both virus types were re-excreted. 

INTRODUCTION 

Bovine herpesvirus (BHV1) infection in cattle has been 

associated with respiratory, ocular, reproductive, central 

nervous system, enteric, neonatal and dermal disease (Gibbs and 

Rweyemamu, 1977). In Britain original reports of disease were 

of mild infections of the respiratory system and eye, infect­

ious bovine rhinotracheitis (IBR) (Dawson et al., 1962; 

Darbyshire and Shanks, 1963), but disease of the reproductive 

tract, infectious pustular vulvovaginitis (IPV) and balano­

posthitis (IPB) also occurred, alone (Huck et al., 1971; Deas 

and Johnston, 1973) or concurrently with IBR (Collings et al., 

1972). A more severe form of IBR emerged in north-east Scotland 

during the winter of 1977-78 (Wiseman et al., 1978) and spread 

quickly so that the disease became a major economic problem in 

beef fattening units and dairy herds in many parts of Britain 

(Wiseman et al., 1979). This resulted in 1979 in the licensing 

of a live intranasal vaccine, Tracherine (SmithKline Animal 

Health Ltd.) wich contains a temperature sensitive (ts) mutant 

of IBR virus, strain RLB 106 ts. This strain of virus had been 

shown to be non-pathogenic, protective and genetically stable 

(Zygraich et al., 1974) and vaccine prepared from the virus is 
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protective and non-abortigenic (Kucera et al., 1978). 

IBR field virus is known to become latent in cattle 

following primary infection and periodically can be re-excreted 

naturally (Snowdon et al., 1965) or following administration 

of corticosteroids (Davies and Duncan, 1974). Such carrier 

animals are important reservoirs of virulent virus and the 

long-term success of vaccination will partially depend on 

whether the proportion of carrier animals in the population 

can be reduced. Vaccination after exposure to field virus 

does not lead to virus-free animals (Straub, 1979) while 

animals vaccinated with modified live virus and later exposed 

to virulent virus have been shown to re-excrete virus of un­

determined pathogenicity following corticosteroid treatment 

(Sheffy and Davies, 1972). Ts IBR vaccine virus can establish 

latent infections (Pastoret et al., 1980) but there was no 

information as to whether or not vaccinated cattle were 

sufficiently protected to prevent the establishment or latent 

infections by wild type virus. This experiment, a preliminary 

report of which has already been published (Nettleton and 

Sharp, 1980) was carried out to address this question. 

MATERIALS AND METHODS 

Cells and virus 

Secondary bovine embryonic kidney (BEK) cells and Madin­

Darby bovine kidney (MDBK) cells of unknown passage level were 

grown in Eagle's minimal essential medium supplemented with 10% 

lactalbumin hydrolysate (LAH) and 10% adult bovine serum. A 

semicontinuous cell line of embryonic bovine trachea (EBTR) was 

grown in Eagle's 59 supplemented with 10% LAH and 10% foetal 

calf serum and used between the 8th and 35th passage. All cell 

cultures were screened for the presence of contaminating bovine 

virus diarrhoea virus using an indirect immunofluorescence test 

(Nettleton, Herring and Corrigall, 1980). BEK and EBTR cells 

were free of virus but the MDBK cells were found to be infected 

and were used only for growth of viral stocks for restriction 

endonuclease analysis. Following infection all cells were 

maintained in serum free '199' medium supplemented with 0.5% 

bovine serum albumin (BSA), 0.1% LAH and 0.1% yeast extract and 
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containing 100 i.u./ml penicillin, 100 ~g/ml streptomycin, 50 

i.u./mlpolymixin-B and 2 ~g/ml amphotericin B deoxycholate. 

Tracherine vaccine, kindly supplied by SmithKline Animal 

Health Ltd., was used for vaccination of the calves and 

laboratory stocks of ts virus were grown from the vaccine over 

2 passages in EBTR cells. Virulent IBR virus (strain 6660) was 

recovered from the retropharyngeal lymph node of a calf dying 

of respiratory disease in Aberdeenshire in March, 1978; it was 

passaged twice in BEK cells and once in EBTR cells. 

Animals 

Two pairs of Jersey calves aged six months which were 

seronegative for IBR were housed in separate loose boxes. Three 

calves were vaccinated with Tracherine according to the 

manufacturer's instructions and the fourth kept as an in­

contact control. Calves were examined clinically before 

infection and daily for the next 12 days. Following examination 

nasal, ocular, preputial and rectal swabs were each collected 

into separate bottles of 4 ml Hank's BSS containing 1% BSA, 300 

i.u./ml penicillin, 300 ~g/ml streptomycin, and 50 i.u./ml 

polymixin B (VTM). Nine weeks after vaccination all 4 calves 

were challenged by intranasal instillation of 8.0 log10 TCID50 
of strain 6660. The calves were examined as before and nasal 

and ocular swabs collected into separate bottles of VTM. Two 

months after challenge all calves were injected intravenously 

with corticosteroid (Dexadresson: Intervet Laboratories) at a 

daily dose rate of 0.1 mg per kg for 5 days and 7 months after 

challenge all ?alves received furth~r corticosteroid (Betsolan 

soluble: Glaxovet) at the same dose rate and again for 5 days. 

The calves were examined clinically and nasal swabs collected 

into VTM. 

Six 3 to 8 week old Jersey bull calves free of antibodies 

to IBR virus were used to test the pathogenicity of 3 IBR 

viruses recovered from challenged vaccinates following the 

first course of corticosteroid, the viruses having been 

passaged three times at terminal dilution in BEK cells and 

stocks prepared in EBTR cells. Two calves, aged 6 and 8 weeks 

received 6.7 log10 TCID50 of virus recovered from calf 3 on day 
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12, three calves aged 3, 4 and 8 weeks, received 6.9 log10 

TCID50 of virus recovered from calf 2 on day 5 and one calf 

aged 4 weeks received 6.9 log10 TCID50 of virus from calf 3 on 

day 5. Virus was given as a 5 ml intranasal dose divided 

equally between each nostril, and nasal swabs were collected 

daily into VTH for 8 days. 

Virus isolation 

Swabs in VTH were sonicated for 30 seconds in an ultra­

sonic water bath (Engisonic Ltd., model B32) and 0.2 ml volumes 

of log10 dilutions of medium were inoculated on to duplicate 

tubes of BEK cells (original 4 calves) or EBTR cells (6 calves 

used for comparative pathogenicity). After 1 hour at 370 C the 

inoculum was washed off with Hank's BSS containing antibiotics 

and 1 ml of maintenance medium was added to each tube. The 

cultures, incubated at 370 C or 40o C, were examined for up to 6 

days to detect virus cytopathic effect and the concentration of 

virus in the starting material was calculated according to the 

method of Spearman and Karber (Lennette and Schmidt, 1969). 

Plaque sizing of recovered isolates, which had received 

pass at terminal dilution in BEK cells, was carried out on 

confluent monolayers of EBTR cells grown in 60 mm plastic petri 

dishes. Virus dilutions were adsorbed for 1 hour at 37o C, the 

inoculum removed and 8 ml of maintenance medium supplemented 

with 10% horse serum and containing 1. 5% carboxy methyl 

cellulose added. After 4 days incubation at 370 C in a 5% CO 2 
incubator the cells were fixed with 10% buffered formol saline 

and stained with crystal violet. Plates with well separated 

plaques were selected and minimum plaque diameters were 

measured using a graticule in an inverted microscope giving x 

25 magnification. 50-20 plaques were measured for each isolate 

and the plaque sizes compared by an analysis of variance. Ts 

and 6660 viruses were included in every test and the relation­

ship between the calf isolates and the vaccine and challenge 

viruses was obtained from T values using means and standard 

errors derived from the analysis of variance. 
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Neutralisation tests 

The levels of IBR antibody in nasal secretions, collected 

by tampon, and serum were measured in a microtitre test in which 

duplicate dilutions of test fluid were mixed with approximately 

40 TCID 50 of the 'Oxford' strain of IBR and incubated at 370 C 

for 1 hour before EBTR cells were added. Tests were read after 

48 hours and results expressed as the reciprocal of the highest 

serum dilution neutralising virus in both wells. 

Restriction endonuclease analysis of IBR isolates 

Virus stocks tested for pathogenicity in calves were 

further purified by plaque picking three times. Plaque picked 

virus was used to infect either EBTR cells or MDBK cells at a 

multiplicity of infection of approximately 1. The cells were 

incubated at 370 C for 48 hours after which viral cytopathic 

effect was complete. The medium was harvested, chilled to 4o C, 

clarified by centrifugation for 10 minutes at 2,400 g and the 

virus pelleted at 40,000 g for 1 hour. 

Viral DNA was prepared from the crude viral pellets by 

digestion with 200 Vg/ml Proteinase K (Sigma Chemical Co. Ltd.) 

in 50 mM Tris-HCI buffer pH 8.3 containing 1 mM EDTA and 2% w/v 

SDS for 1 to 2 h at 370 C followed by extraction with an equal 

volume of 'phenol '-chloroform mixture (6:4 by volume). 'Phenol' 

consisted of a mixture of 500 g of phenol with 70 g m-cresol, 

200 g of water and 0.5 g 8-hydroxyquinoline. Nucleic acid from 

the aqueous phase of the extraction was precipitated with two 

volumes of ethanol at -20o C and further purified by CsCI 

density gradient centrifugation for 40 h at 70,000 g in a 

Beckman type 65 rotor. The starting solution was 20 mM Tris-HCI 

pH 7.5 containi~g 1 mM EDTA and 5.82 M CsCI. The gradients were 

fractionated by upward displacement using an ISCO model 185 

density gradient fractionator with UV monitor and the viral DNA 

was found in a sharp peak at a density of 1.73. Examination of 

the absorption profiles from a number of preparations of DNA 

showed that there was no detectable peak at the position 

expected for contaminating host cell DNA and thus the CsCl 

gradients were omitted in later experiments. 
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Restriction endonuclease digests were performed with a 

five fold excess of enzyme for between 2 and 3 hi the 

conditions used being those recommended by the suppliers (Sigma 

Chemical Co. Ltd. for Eco R1 and Hind 111 and New England 

Biolabs Inc. for Mbo 1). The resulting digests were analysed by 

polyacrylamide gel electrophoresis using either 7.5% gels or 

6.0 to 12% gradient gels (acrylamide to bis-acrylamide ratio of 

37.5:1). The buffers used were those described by Laemmli 

(1970) but the stacking gel was omitted. The gels had the 

dimensions 14 x 19 x 0.15 cms and electrophoresis was carried 

out for 16 h at 25 rnA. The separated restriction fragments were 

visualised by silver staining which is considerably more 

sensitive than ethidium bromide fluorescent detection. The 

method used was based on that developed by Sammons et al. 

(1981) for polypeptide detection and is described in full in 

Herring et al. (1982). 

RESULTS 

Cultural characteristics of the vaccine and challenge virus 

a} Growth at 370 C and 400 C. The geometric mean and standard 

deviations of three matched titrations at the two different 

temperatures are shown in Table 1. It was clear that while the 

titre of the vaccine virus was reduced by more than 4.0 10910 

TCID50 at 400 C that of the challenge virus was not signific­

antly reduced at the higher temperature. 

TABLE 1 Titration of vaccine and challenge viruses at 
two temperatures 

Incubation temperature 

370 C 400 C 
Virus 

Vaccine (ts) 6.66* 2.5 

+ 0.76 + 0.5 

Challenge (6660) 6.66 6.33 

+ 0.76 + 0.58 

·Virus titre (10910 TCIDSO/0.2 ml + S.D.) 
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b) Plaque size. Analysis of variance showed that the mean 

plaque sizes of the vaccine and challenge virus were signific­

antly different (p < 0.001). Results from three tests are 

shown in Table 2 and demonstrate the test to test variation in 

absolute plaque sizes encountered. For this reason both virus­

es were included alongside the unknown calf isolates in every 

test. 

TABLE 2 

Test 

Test 2 

Test 3 

Mean diameter (+ S.E.) of 50 plaques each of 
the vaccine and-challenge viruses in three 
tests. 

Vaccines virus (ts) 

22.46 + 0.92 

20.62 + 0.77 

36.78+1.27 

Challenge virus (6660) 

39.96 + 1.20 

31.04 + 1.36 

45.60 + 1.46 

Calf vaccination, challenge and immunosuppression 

Following vaccination virus was only detected in nasal 

secretion of 2 of 3 calves over an 8 day period (Fig. 1). All 

VIRUS 

EXCRETION 

LOGIO TCIOSO 2 

PER 

SWAB 

1 

2 

r-------~~~~~--3 

4 

~Il.....--_----:-. 
2 3 4 5 6 7 8 9 10 11 12 

DAYS 

Fig. 1 Virus excreted by vaccinated animals. Calves 1, 
2 and 3 given 6.2 log10 TCID50 'Tracherine' 
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isolates had temperature growth and plaque size characteristics 

of the vaccine virus. 

Virus was not recovered from ocular, rectal or preputial 

swabs from th 3 calves nor from any sample taken from the 

incontact calf. Neutralising antibody was not detected in 

serum or nasal secretions of any of the calves over the next 

eight weeks. 

Following challenge the unvaccinated calf developed 

pyrexia (> 40o C) from day 3 to day 6, coinciding with a serous 

nasal discharge. Nasal ulceration with a mucopurulent dis­

charge developed on day 7 but by day 9 the ulcers were healing 

and there was no nasal discharge. Calf 1 had pyrexia on day 3 

but otherwise no clinical symptoms were seen in the 3 vaccin­

ated calves. The virus excretion patterns of the calves are 

shown in Fig. 2. 

N 1 

N 2 

VIRUS 

EXCRETION 
2 

lOG10 TCID50 

PER 3 
SWAB N 

4 

DAYS 

Fig. 2 Virus excreted by animals challenged with 8.0 
log10 TCID50 IBR strain 6660. virus from nasal swabs. 

virus from ocular swabs. Neutralising antibodies 
first detected in the serum-S and nasal secretion-No 
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The vaccinates excreted virus only from the nose for bet­

ween 3 to 6 days whereas the unvaccinated calf excreted high 

levels of virus from the nose for 8 days and virus from the 

eye on days 6 to 9. Five selected .isolates had temperature 

growth and plaque size characteristics of the challenge virus. 

Neutralising antibodies were detected in the sera of the vac­

cinated calves within 3 days of challenge and in the control 

calf after 13 days. Neutralising activity was detected in nasal 

secretions of the vaccinates one week after challenge but did 

not develop in the control calf (see Table 3). 

TABLE 3 Neutralising activity of nasal mucous (NM) and 
serum (8) of the 4 calves. 

Calf Calf 2 Calf 3 Calf 4 

Time NM S NM S NM S NM S 

Pre-vaccination < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 

Pre-challenge < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 

Post challenge (3 days) ND 4 ND 4 ND 4 ND < 2 

( 1 week) 2 16 4 64 4 64 < 2 < 2 

(2 weeks) 2 64 4 64 8 64 < 2 8 

Pre corticosteroid 4 64 8 128 4 64 < 2 512 

Post corticosteroid 8 256 16 512 16 64 2 512 

Corticosteroid treatment two months after challenge had 

no clinical effect on the calves but all yielded IBR virus at 

some time from the fourth day of corticosteroid treatment on­

wards. Growth of excreted virus at 370 C and 400 C showed both 

vaccine and wild type virus were recovered from calf 3 while 

virus from the other calves grew equally well at both temper­

atures implying that it was challenge virus (Fig. 3). 

Plaque assay results confirmed these findings except 

that the mean plaque size of virus recovered from calf 2 

although closer to that of the challenge virus was signific­

antly smaller (Table 4). 

Further characterisation of 3 recovered isolates was 

achieved by testing their pathogenicity in 3 to 8 week old 

calves. Virus recovered from calf 3 on day 5 which appeared to 
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Fig. 3 Nasal excretion of virus following corticoster-
oid 2 months after challenge virus growth at 370 C 

virus growth at 40o C. 

TABLE 4 Comparison of mean plaque sizes of isolates from 
immunosuppressed calves with those of the vaccine 
and challenge strains. Results are shown as pro­
bability levels of isolates having plaques sizes 
different to the 2 original strains. N.S p > 0.05; 
* P < 0.05 > 0.01; ** P < 0.01 > 0.001; 
*** P < 0.001 

Calf No. 
2 3 4 

Virus Day Day Day Day 

8 5 5 8 10 12 4 6 

Vaccine (ts) *l:.* *** N.S. N. S. *** *** *** *** 
Challenge (6660) N.S. ** *** *** N.S. N.S. N.S. N.S. 

be vaccine virus was apathogenic and caused no clinical illness 

in the calf which subsequently received it. By contrast virus 

isolated on day 12 from calf 3 which appeared to be wild type 

was fully virulent causing depression, nasal ulceration and 

discharge, and pyrexia for 3 and 4 days in the 2 calves that 

received it. Virus from calf 2 did not cause pyrexia in any of 
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the three calves receiving it and the only clinical sign of 

infection was discrete ulceration of the nasal mucosae from day 

6 onwards accompanied by slight mucopurulent discharge. The 

mean virus excretion levels from the 6 calves are shown in Fig. 

4 and further confirm that both vaccine and challenge virus 

were recovered from calf 3 following immunosuppression. The 

isolate from calf 2, although it had temperature growth charac­

teristics identical to the challenge virus and a plaque size 

closer to that of the challenge virus, was excreted at inter­

mediate titres. 

9 

8 

Virus 6 

.xerellon 
5 

Log l0 TC1D50 

per swab 4 

3 

2 

2 3 4 567 8 9 
Days 

Fig. 4 Virus excreted by calves used to test the 
pathogenicity of isolates from immunosuppressed challenged 
vaccinates isolate from calf 3 day 5; A---A isol­
ate from calf 3 day 12; • ---. isolate from calf 2 day 
5. P = Pyrexia 

As further verification of the above findings restriction 

endonuclease digests of vaccine and challenge viruses and the 

same 3 recovered isolates were examined using Eco R1 and Hind 

III enzymes for which mapping data was available (J. Skare and 

I. Skare, personal communication). The only differences observ­

ed in these digests were in the mobility of a Hind III frag­

ment which was known to be terminal and to exhibit high variab-
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ility when many strains were compared. We therefore extended 

the analysis using Mb01, an enzmye with a four base recognition 

sequence which cleaves IBR DNA into more than 80 fragments 

varying in size from approximately 2x106 daltons downwards. 

These fragments were resolved using polyacrylamide gradient 

gels and visualised by silver staining. Again the overall frag­

ment patterns were very similar but this fine analysis revealed 

several small difference between the isolates, some of which 

are indicated by numbers in Figure 5. 

~ ~ ~ C\t Q. ... ~ ~ ."Q. .;. ~ .;. t Q. ~ Q. 
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c ,., ,., Q. ~ ~ C 
fO 
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. -
• " ..... i 4 
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. 1 
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Fig. 5 Mba 1 restriction endonuclease digests of DNA 
from plaque purified (pp) virus recovered from corti­
costeroid treated calves compared with digests of unpuri­
fied and plaque purified vaccine and challenge viruses. 
2 separate plaque picked stocks of calf 3 day 12 are 
shown. See text for numbers showing differences in the 
gel pattern. 
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Difference 1 was in the largest band which was shown to 

be hypervariable when a large number of strains was compared 

and so was not a reliable strain marker. This effect was very 

clear with agarose gels which resolved the two largest bands 

in all these strains. The bands marked 5 appeared only after 

plaque purification, and in the case of strain 6660 resulted 

from amplification of a minor component. The bands marked 2, 

3, 6, 7 and 8 are those which distinguish the vaccine and 

challenge strain. It is notable that the isolates recovered 

after corticosteroid treatment resemble either the challenge 

virus (6660) or the vaccine strain (ts) in their fragment 

pattern at these sites and that their relationship as judged 

by these criteria are consistent with their biological typing 

as described above. Thus calf 3 day 12 resembles 6660 and was 

virulent, calf 3 day 5 and calf 2 day 5 resemble ts and were 

avirulent. However of these last two avirulent isolates only 

calf 3 day 5 showed the temperature sensitivity of the vaccine 

strain. Slight differences between the fragment pattern of 

these 2 isolates were seen (marked 4 on Fig. 5). 

In summary, from the four properties of the three isolates 

selected for further characterisation there was strong evidence 

that both vaccine (day 5) and challenge virus (day 12) were 

recovered from calf 3. Virus recovered from calf 2, however, 

was not the same as either but the available evidence suggests 

that it originated from the vaccine virus, remained avirulent 

but lost its temperature sensitivity marker. 

To investigate further the extent of latent infections the 

four original calves were retreated with corticosteroid 7 

months after challenge. This caused depression only in the 

control animal for 2 days with pyrexia (40.80 C) on the day 

after corticosteroid administration had stopped. Small discrete 

ulcers of the nasal mucosa were first seen in all calves on 

the same day but these healed quickly and were not associated 

with increased mucous discharge. All calves again excreted 

virus as shown in Fig. 6 with the vaccinates excreting less 

than the COntrol. All viruses had, temperature growth charact­

eristics of the challenge virus. 
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Fig. 6 Nasal excretion of virus following corticosteroid 
7 months after challenge. .. virus growth at 37oC; 

[Jvirus growth at 40o C. 

Plaque sizes of these recovered isolates confirmed that 

the one from calf 2 and 2 of 3 from calf 1 were indistinguish­

able from the challenge virus, but although other isolates were 

closer to the challenge virus in vivo passage had caused a 

reduction in plaque size which was shown to be significant by 

the analysis of variance (Table 5). The fact that virus re­

covered from calf 4 which had received challenge virus only, 

TABLE 5 

Virus 

Vaccine 
(ts) 

Challenge 
(6660 ) 

Comparison of mean plaque sizes of isolates 
from immunosuppressed calves with those of the 
vaccine and challenge strain. Results are ex­
pressed as described in Table 4. 

Calf No. 

2 3 4 

Day Day Day Day 

5 7 8 6 6 7 8 4 5 6 

*** *** **~~ *** *** *** -r.-** *** *.~* *.:f* 

NS * NS NS ~:-* * * ;H~ NS ,~* 
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on 2 of 3 days tested also gave a reduced plaque size suggests 

that this property may not be a wholly reliable property for 

comparing primary infecting virus and that re-excreted after 

a period of latency. 

Further characterisation of these isolates has not yet 

been carried out. 

DISCUSSION 
The ts vaccine produced no clinical symptoms in any of the 

three calves and viral multiplication, as demonstrated by the 

excretion of low levels of virus from day 3 post-infection 

onwards from only 2 of 3 calves, was slow and limited to the 

nasal mucosa. Although no viral replication was detected in 

calf 1 this was as well protected as the other vaccinates when 

they were challenged. Compared to the control animal vaccinated 

calves excreted lower levels of virus for fewer days after 

challenge. Virus was excreted only from the nose of the 

vaccinates there being no viral spread to the eye, a common 

sequel to experimental intranasal infection with virulent virus 

(McKercher, 1963). Further evidence of successful vaccination 

was given by the rapid humoral antibody response following 

challenge. Our results, therefore, provided further evidence to 

that already reported (Zygraich et al., 1974; Kucera et al., 

1978; Frerichs et al., 1982) of the safety and efficacy of the 

ts vaccine in protecting against respiratory disease caused by 

IBR virus. 
We have also shown that vaccination reduced but did not 

prevent the establishment of latent infections as judged by the 

re-excretion of virus following corticosteroid treatment two 
and seven months after challenge. In a comparable study 

Pastoret et al. (1980) showed that 7 of 8 animals vaccinated 

with ts IBR virus excreted virus for up to 8 days following 

dexamethasome treatment suggesting that ts IBR virus could 

produce latency. No virus was recovered from the same animals, 

however, after they had been challenged with virulent virus 
and then subjected to a further treatment of dexamethasone. 
This failure to recover virus was considered to be due to the 

high levels of immunity arising from the two dexamethasone 

treatments and challenge whithin 3 months of vaccination. The 
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increased time-scale of our experiment and omission of 

dexamethasone after vaccination resulted in virus recovery from 

animals latent"ly infected following ts IBR vaccination and 

challenge with virulent virus. 

Characterisation of recovered isolates using the propert­

ies of relative growth at 370 C and 400 C and plaque size both of 

which had been shown to be stable markers in vitro and 

following primary animal infection, suggested that both vaccine 

and challenge virus were recovered two months after challenge 

but that only challenge virus was recovered seven months after 

challenge, Of these two characteristics there was evidence that 

the plaque size was not a wholly reliable marker for comparing 

primary infecting virus and that re-excreted after a period of 

latency, an observation which has been made by other workers 

(Pastoret et al., 1979). Further characterisation of 3 selected 

isolates recovered two months after challenge was carried out 

by testing their pathogenicity in calves. These results 

confirmed that both avirulent vaccine virus and fully virulent 

challenge virus were recovered from one of the vaccinated 

calves, but that an isolate, from another calf, which had a 

temperature growth pattern similar to the challenge virus was 

of very low virulence in calves. Since it has been shown that 

IBR virus does not undergo any significant modification in its 

pathogenicity following reactivation (Castrucci et al., 1980) 

there was no immediate explanation for the derivation of this 

isolate. In order to investigate this finding further purified 

stocks of the 3 selected isolates and the vaccine and challenge 

virus were prepared and restriction endonuclease (RE) analysis 

of their DNA carried out. Investigations of herpes simplex 

virus strains using this technique have shown not only that 

types 1 and 2 can be readily discriminated, but also that 

unrelated isolates of HSV1 can be distinguished on the basis of 

minor differences in the fragment pattern (Lonsdale et al., 

1979). Our RE analysis of UK isolates of BHV-1 has revealed 2 

broad types exemplified by the 'Cooper' strain (Summers et al., 

1975) and the 'K22' strain (Skare et al., 1975). A report on 7 

strains from Switzerland and Germany (Engels et al., 1981) 

classifies those with 'Cooper' RE profiles as IBR viruses and 
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those with 'K22' RE profiles as IPV viruses irrespective of the 

disease syndrome from which they were isolated. This classific­

ation may be premature since the vaccine virus, originally 

isolated from a case of IPV in Belgium in 1969 (N. Zygraich, 

personal communication) and the challenge virus, isolated from 

a case of IBR in Scotland in 1978 were both 'Cooper' types and 

were only distinguishable when an enzyme was used which cleaves 

the DNA into many fragments. Results from these experiments 

further showed that both vaccine and challenge viruses were 

recovered from vaccinated calf number 3 and that virus isolated 

from calf number 2 had an RE profile similar to the vaccine 

virus, even though it was no longer temperature sensitive. The 

fact that it failed to produce disease in calves showed that 

maintenance of the ts marker was not necessary to ensure non 

pathogenicity and suggests that multiple mutation has occurred 

during attenuation. The origin of this isolate is unlikely to 

be ascertained. As the ts mutation has been shown to be 

genetically stable (Zygraich et al., 1974) it is unlikely that 

this non-virulent strain has arisen by reversion. It would seem 

more likely that the isolate originated from recombination with 

the challenge virus either 'in vivo' or 'in vitro' following 

reisolation. 

These findings have shown that both ts vaccine virus and 

virulent challenge virus can establish latent infections in 

vaccinated calves, and that possible interaction between the 

viruses may occur necessitating careful characterisation of all 

recovered isolates. 
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Latency is one of the major problems associated with the 
infection of cattle by the Vlrus of Infectious Bovine 
Rhinotracheitis/Infectious Pustular Vulvovaginitis, or 
Bovineherpesvirus 1 (BHV 1). Both wild virulent strains and the 
attenuated vaccine strains can remain latent in cattle and may 
be reactivated by several stimuli including the use of 
glucocorticoids, such as dexamethasone. 

Several problems arise due to BHV 1 latency, in the 
epizootiology of the infection: 

a) first of all, one may consider that all the animals become 
latent carriers after a primary infection with a virulent 
strain; 

b) all the attenuated strains remain latent after 
vaccination; 

c) we cannot really control the dissemination of attenuated 
strains; 

d) vaccination does not prevent the establishment of a 
virulent strain in a laten! state; 

e) it is still not .determined whether recombination between 
attenuated strains and field virus occurs or not in an 
animal ,latently infected with both of these strains; 

f) the immune status of the latently infected animal 
influences the pattern of reexcretion. 

An animal latently infected with a virulent strain or with 
an attenuated one still pathogenic for the foetus is a 
permanent threat for the other animals of its surroundings, 
since the reactivated strains seem to be identical to the 
original ones. 

The introduction of a latent, silent carrier in a herd 
free of the infection is the best way to introduce the disease, 
especially under certain circumstances or with the use of 
certain drugs. Latency also allows BHV 1 to persist in a 
restricted herd without new introduction of exogenous virus. 

As the animal latently infected with a field strain or an 
inadequately attenuated one is a permanent threat for the 
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animals of its surroundings and since those strains can be 
disseminated by duly vaccinated animals, vaccination gives a 
false impression of safety. 

The emphasis of the studies in medical prophylaxis of the 
disease must not only be given to the measures or the 
mechanisms that help the vaccinated animal to overcome the 
disease resulting from a contact with a field virulent strain, 
but also on the measures or the mechanisms that enable the 
animal to overcome or to control reactivation and reexcretion. 

Since the attenuated strains remain as latent as virulent 
ones and as reactivated strains in a singly infected animal 
remain stable, restriction analysis of the DNA of BHV 1 
isolates will be an important tool for the study of the 
epizootiology of infection with BHV 1) . 

INTRODUCTION 

Latency is one of the major problems associated with the 

infection of cattle by the virus of Infectious Bovine 

Rhinotracheitis/Infectious Pustular Vulvovaginitis, or 

Bovine herpesvirus 1 (BHV 1) . 

Infectious rhinotracheitis may be a severe disease, 

especially when aided by some bacteria (Asso, 1976; Yates, 

1982). The clinical lesions are usually restricted to the 

anterior respiratory tract, with nasal exudation and 

tracheitis, but may also extend to the posterior respiratory 

tract, with bronchitis and pneumonia. 

Infectious bovine rhinotracheitis is often associated with 

numerous other symptoms, such as conjunctivitis, abortion, 

metritis after caesarian section, encephalitis in young calves, 

and rare cases of enteritis (Pastoret, 1979; Straub, 1978; 

Wellemans et al., 1977). The great variety of the symptoms 

stems from the pathogenesis of the disease and from the 

privileged relationships that exist between the virus and the 

organism. 

PATHOGENESIS 

The genesis of the local form of the disease after primary 

infection such as rhinotracheitis or conjunctivitis can easily 

be explained; the other forms of the disease follow 

generalization of the local infection. 

The role of the infectious dose on clinical signs is not 

well known for Bovine herpesvirus 1 infection (Gaskell and 



Povey, 1979). 

Generalization of the infection is generated in three 

different ways: 

a) viraemia; 

b) neural spread; 

c) cell-to-cell transmission of the virus through 

intercellular bridges, even in the presence of specific 

antibodies. 

a) Viraemia 
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After primary infection, a very transient viraemia may 

take place before the appearance of specific antibodies in the 

serum of the animal. 

In adult cattle, viraemia is, in fact, very seldom 

followed by a secondary localization of the disease. It is not 

true for the newborn calf, which suffers from acute generalized 

disease provoked by viraemia. This pathogenesis can explain why 

passive immunization of the newborn conferred by colostral 

antibodies is effective and protects it from the worse effects 

of the infection (Rosner, 1968; House and Baker, 1968). 

b) Neural spread 

The virus multiplies intensively at the local site of 

infection and contaminates the peripheral nerves, and by that 

route reaches the central nervous system, where some strains 

may cause encephalitis (Johnson et al., 1964; Straub and B6hm, 

1965; Hall et al., 1966; Bagust and Clark, 1972). 

Both intranasal or intravaginal experimental inoculation 

of the virus produce generalization of the infection by the 

nervous pathway. In both cases, the distribution of the virus 

is quite similar, despite differences in localization within 

the nervous system: the virus can be found both in the brain 

and in the spinal cord when the animals are inoculated by the 

intravaginal route, but remains confined to the brain when they 

are inoculated by the intranasal route. This should be the 

consequence of the distribution of the sensory nerves to the 

peripheral organs which are affected by intense viral 
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multiplication. 

The major part of the macroscopic or microscopic lesions 

are observed at the initial site of contamination, and the 

extension to the nervous system produces no important damages, 

except within the Gasserian ganglions (Narita et al., 1976, 

1978a and b) . 

c) Spread through intercellular bridges 

Bovine herpesvirus 1, like other Herpesviridae, can use 

intercellular bridges to propagate itself from cell to cell, 

avoiding therefore the extracellular fluid. This explains why 

the virus can be disseminated to other cells in the presence of 

high titres of specific antibodies. 

This kind of viral spread may be important for viral 

propagation after reactivation. 

LATENCY 

After the invading period that follows the primary 

infection, virus maintains itself in the organism in a latent 

date. 

The persistence of Bovine herpesvirus 1 in the infected 

animal after recovery has been investigated very early on, 

since Storch, in Germany, had already suggested it in 1910 for 

infectious pustular VUlvovaginitis. 

The actual site of BHV 1 latency is not yet known, but it 

is well known that the latent virus remains localized near the 

site of its first multiplication and will be reexcreted in the 

organ primary infected (Davies and Carmichael, 1973; Davies and 

Duncan, 1974; Narita et al., 1978c; Pastoret et aI, 1980a; 

Rossi et aI, 1982). 

Local lesions observed during reexcretion periods are 

either due to a viral reactivation in the epithelial cells 

themselves, or to a reinfection of those cells occuring after 

viral reactivation in the sensitive nervous system innervating 

those tissues (Rock and Reed, 1982); it has also been suggested 

that independent viral recrudescences take place at both sites 

(Davies and Duncan, 1974; Rossi et al., 1982). 
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BHV 1 can be isolated from the trigeminal ganglion of 

clinically normal cattle (Homan and Easterday, 1980), viral DNA 

can be detected in the same organ (Ackermann et al., 1981, 

1982) during the latent period, and trigeminal ganglionitis can 

be observed during recrudescence (Narita et al., 1981); but the 

finding tha-t a thermosensitive vaccine strain unable to invade 

nervous system (Zygraich et al., 1974a, b and c) can be 

reactivated by dexamethasone treatment of cattle (Pastoret al., 

1980b) seems to indicate that the virus remains latent in the 

epithelial cells as well (Thiry et al., 1981). It is also 

possible, but not yet determined, that lymphocytes can be 

latently infected (Pastoret et al., 1980b; Ludwig and Storz, 

1973) • 

The virus may thus be later reactivated and sometimes 

reexcreted since certain endogenous or exogenous stimuli may 

unmask it from time to time. 

Latency is a phenomenon particularly interesting to study 

in cattle infected with BHV 1 for several reasons. First of 

all, BHV 1 can be experimentally reactivated by the use of 

glucocorticoids (dexamethasone) and furthermore, the phenomenon 

can be studied in the correct host species in its own natural 

environment. Finally, BHV 1 latency has important 

epidemiological significance. 

The virus remains latent and can be reactivated in at 

least two species of the family Bovidea: cattle (Bos taurus) 

and wildebeest (Connochaetes taurinus) (Karstad et al., 1974), 

and also in English ferrets (Mustela putorius furo L) (Smith, 

1978) and rabbits (Oryctolagus cuniculus) (Rock and Reed, 

1982) . 

PERSISTENCE, REACTIVATION AND REEXCRETION 

Persistence, reactivation and reexcretion of BHV .1 under 

natural conditions are well recorded (Storch, 1910; Parsonson, 

1964; Studdert et al., 1964; Saxegaard, 1966; Hyland et al., 

1975; Bitsch, 1973). Snowdon (1964, 1965) reported long-term 

intermittent excretion of BHV 1. Persistence of BHV 1 in cattle 

was investigated by McKercher et al. (1963) and Straub und B6hm 
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(1964) at the same period. 

Frequent recurrence of clinical BHV 1 is seen in closed 

herds (Hyland et al., 1975), and reactivation of BHV 1 can be 

provoked several times in the same animal by dexamethasone 

treatment (Pastoret et al., 1979a, 1980b: Narita et al., 1981: 

Kabelik et al., 1976). 

Reexcreted strains do not seem to differ from the original 

ones from the biochemical point of view (Pastoret et al., 

1978b, 1980b and c), but some biological differences have been 

described (Pastoret et al., 1979b: Pastoret, 1979: Homan and 

Easterday, 1981): they may be related to the fact that 

reactivated strains are sometimes rather difficult to isolate 

(Saxegaard, 1966, 1970). However, Castrucci and coworkers 

(1980) have shown that BHV 1 does not undergo significant 

modifications in its pathogenicity when reactivated from 

latently infected animals for the first time. 

It is also well known for other herpesviruses that latency 

ensures the durability of the infection. 

LATENCY AND EPIZOOTIOLOGY 

a) Introduction 

As reactivated and reexcreted strains do not differ in 

their pathogenicity after reactivation, latency is one of the 

major problems associated with the infection of cattle with 

BHV 1 from the epizootiological point of view: 

1) first of all, one may consider that all the animals become 

latent carriers after a primary infection with a virulent 

strain: 

a) all the attenuated strains so far studied remain latent 

after vaccination (Pastoret et al., 1980b: Frerichs et 

al., 1982): 

3) we cannot really control the dissemination of attenuated 

strains: 

4) vaccination does not prevent the establishment of a 

virulent strain in a latent state: 

5) it is still not determined whether recombination between 

attenuated strains and field virus occurs or not in an 
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animal latently infected by both of these strains (Straub, 

1975) ; 

6) the immune status of the latently infected animal 

influences the pattern of reexcretion. 

It is yet unknown whether or not the immune status of the 

animal following a primary infection influences the ability of 

another strain to establish latency in the same animal; 

especially if the dose of virus and its previous multiplication 

is important for the establishment of latency. 

An animal latently infected with a virulent strain or with 

an attenuated one still pathogenic for the foetus is a 

permanent threat. for other animals in its surroundings. 

b) Latency, reactivation and reexcretion of field virulent 

virus 

It is yet unknown if the dose of BHV 1 that infects 

cattle plays a role in the establishment of latency. 

Most of the authors agreed that only around 60% of the 

infected animals were latent carriers, since only 60% of them 

shed infectious virus after dexamethasone treatment, but we 

have shown that one could not always recover infectious 

particles by dexamethasone treatment of latently infected 

animals. 

Two and a half months after primary infection with 

virulent virus, cattle were intravenously injected with six 

consecutive daily doses of dexamethasone (0.1 mg/kg body 

weight). Nasal swabs were collected daily for two weeks. This 

procedure was repeated twice later, using double doses of 

dexamethasone on the last occasion (Pastoret et al., 1978a and 

d, 1979a). The infectivity of the swabs was tested daily and 

physical particles were counted in electron micrographs after 

negative staining, according to the pseudoreplication 

technique. 

After the first treatment with dexamethasone, the animals 

excreted high levels of physical particles, whether or not 

physical particles were detected following the second or the 

third course of dexamethasone; infectious particles appeared 
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after a lag period after the first treatment and infectious 

virus was detected at low levels in only one animal after the 

second and the third treatment. 

This feature of reactivation can be explained keeping in 

mind that immunity influences the level of reexcretion after 

reactivation. The techniques used may be not sensitive enough 

to detect thre reexcretion even if reactivation occurs. 

c) Latency, reactivation and reexcretion of vaccine strains 

(ts and non-ts) intranasally administered 

Nine month old, healthy, male or female, Hereford cattle 

were randomly divided into two groups of eight animals. 

One group was vaccinated intranasally with ts-IBR and the 

other group with non-ts IBR (Con-IBR). Six weeks later, animals 

were treated for five consecutive days with dexamethasone. 

Nasal swabs were taken daily for virus isolation and titration 

(Pastoret et al., 1980b). Three weeks after the end of the 

first dexamethasone treatment, the ts group was challenged with 

virulent virus (strain 108) and the non-ts group was treated 

with dexamethasone for a second time, as described above. Four 

weeks after challenge with virulent virus, the ts-IBR group was 

once again treated with dexamethasone and monitored for virus 

excretion. 

Following the first dexamethasone treatment, 6 out of 8 

non-ts and 7 out of 8 ts-IBR animals excreted infectious virus. 

However, once again, all the animals were probably latently 

infected and reexcreted virus, since all of them exhibited a 

rise in specific anti-IBR antibody levels. Furthermore, in the 

Con-IBR group, animals that did not excrete detectable virus 

after the first dexamethasone treatment did so after a second 

treatment with dexamethasone. 

The ts-IBR vaccinated animals, on average, excreted more 

virus (5.25 log vs 3.75 log) and over a longer period of time, 

suggesting that ts-IBR vaccines produced latency as readily as 

did the non-ts ones. The virus isolated from the ts-IBR 

vaccinated animals was indeed temperature-sensitive, since the 

plaquing efficiency was very low at 39 0 C. Furthermore, in all 
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cases, the restriction enzymes cleavage pattern of the 

reactivated ts virus was similar to that of the original ts 

vaccine strain and differed from the non-ts attenuated strain 

(Pastoret et al., 1980bi Thiry et al., 1982). Since the 

attenuated strains remain as latent as virulent ones and as 

reactivated strains in a singly infected animal remain stable, 

restriction analysis of the DNA of BHV 1 isolates will be an 

important tool for the study of the epizootiology of BHV 1 

infection (Taylor et al., 1982). When the ts-vaccinated animals 

were infected with the virulent strain 108, they excreted this 

virus for up to 6 days after infection. When this group was 

later treated a second time with dexamethasone, no virus 

excretion could be detected. It was therefore not possible to 

determine whether recombination between attenuated" and virulent 

field virus occurs or not. 

Since attenuated strains are excreted after intranasal 

administration and can be reactivated and reexcreted later on, 

one cannot really control the dissemination of attenuated 

strains. 

IMMUNE CONTROL OF REEXCRETION 

First of all, reactivation must be differentiated from 

reexcretion, since reactivation may occur in some animals where 

no excretion of infectious particles can be detected. 

After a primary infection with a non-ts attenuated strain, 

the animals have a normal amount-of neutralizing antibodies, 

but a lower amount of "antibodies participating in the ADCC 

reaction and a low blastogenesis index. 

After a first reactivation by dexamethasone treatment, 

there is an increase in neutralizing antibodies and a steady 

increase in both ADCC and blastogenesis index, together with an 

important viral reexcretion. When a second treatment with 

dexamethasone is given, there are less infectious particles 

which are reexcreted, no increase in neutralizing antibodies or 

in ADCC antibodies, but still an increase in blastogenesis 

index. 

If, between the two dexamethasone treatments, some animals 
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are boosted with a virulent strain of IBR virus, the second 

dexamethasone treatment is unable to provoke reexcretion of 

infectious particles, there is no change in the amount of 

neutralizing or ADCC antibodies, but still an increase in 

blastogenesis index. 

The sequence of events may be interpreted as follows. 

After a primary infection, the animal has an immune status that 

enables it to prevent the clinical effects of a reinfection 

with a virulent field virus, but is not sufficient to control 

an episode of reexcretion. 

The first viral excretion provoked by dexamethasone 

treatment reinforces the immune status of the animal and the 

efficiency of some immune mechanisms such as ADCC and 

cell-mediated ones (Aguilar-Setien et al., 1979b, 1980; Davies 

and Carmichael, 1973). These kinds of mechanisms can control 

the reactivation better and prevent the production of viral 

particles before their spread. If the immune mechanisms are 

even better reinforced, for instance by the booster effect of 

the infection by a virulent strain, the animal is able to 

completely control the induced reactivation, and no reexcretion 

occurs. 

Sufficiently immunized animals are quite able to 

completely control the reexcretion and therefore the 

dissemination of the virus, even if reactivation occurs 

(Pastoret et al., 1980b, 1982a and b). Thus Straub and Wagner 

(1977) hyperimmunized bulls to avoid contamination of the semen 

by BHV 1. 

The reason why, for instance, the mean level of 

reexcretion is higher in the ts-vaccinated animals and the 

virus shed for a longer period may be that these animals have a 

lower level of immunity following primary vaccination. 

CONSEQUENCES OF LATENCY ON MEDICAL PROPHYLAXIS 

First of all, vaccination of cattle, either with 

inactivated vaccines or with attenuated strains, does not 

prevent the further establishment of a virulent strain in a 

latent state (Pastoret et al., 1982a, Nettleton and Sharp, 
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1980; Sheffy and Rodman, 1973; Zuffa and Feketeova, 1980). 

Conversely, vaccination either with an inactivated vaccine 

or with an attenuated strain does not prevent the further 

excretion of a field virus latently carried by the animal 

before vaccination (Straub, 1979). Moreover, as already 

mentioned, it has been known for a long time that at least one 

attenuated strain given intramuscularly and still pathogenic 

for the foetus remains latent after vaccination, and the same 

is true for at least two attenuated strains given intranasal1y 

(Darcel le Q. and Dorward, 1975; Pastoret et al., 1980b). 

As the animal latently infected with a field strain or an 

inadequately attenuated one is a permanent threat to its 

surroundings and since those strains can be disseminated by 

duly vaccinated animals, vaccination gives a false impression 

of safety (Nettleton and Sharp, 1980). 

Finally, since the specific immunity impedes the 

reexcretion, there is a certain lapse of time between the 

induction of reactivation and the appearance of infectious 

particles in the nasal secretions; when several animals from 

different origins are gathered together, it is therefore, among 

other reasons, advisable to vaccinate the animals as soon as 

possible after their arrival, to give them a chane to built up 

as early as possible a protective immunity (Imray, 1980) and to 

produce interferon (Straub and Ahl, 1976; Cummins and 

Rosenquist, 1982). It is also advisable to vaccinate the 

heifers before pregnancy (Chow, 1972; Saunders et al., 1972). 

CONCLUSIONS 

Latency ensures the durability of BHV 1 infection. 

An animal latently infected with a virulent strain or with 

an attenuated one still pathogenic for the foetus is a 

permanent threat to the other animals in its surroundings. 

The introduction of a latent, silent carrier in a herd 

free of the infection is the best way, if not the only one, to 

introduce the disease. Uncontrolled therapeutic or zootechnic 

measures can enhance the risk (Duchatel et al., 1981). 

The presence of bulls latently infected with BHV 1 (IPV) 
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is also a major concern for artificial insemination (Schultz et 

al., 1976; Straub, 1978). 

However, if the animals are sufficiently immunized, they 

are quite able to completely control the reexcretion and 

therefore the dissemination of the virus, even if reactivation 

occurs (Pastoret et al., 1980b). 

The practitioner must know that he cannot really control 

the dissemination of attenuated strains. Thus the emphasis of 

the studies on medical prophylaxis of the disease must not only 

be given to the measures and the mechanisms that help the 

vaccinated animal to overcome the disease resulting from a 

contact with a field virulent strain, but also on the measures 

and the mechanisms that enable the animal to overcome or to 

control reactivation and reexcretion. 

For hygienic prophylaxis, it would be very useful to have 

good diagnostic procedures, not only to ascertain clinical 

diagnosis of BHV 1 infection in cattle, but also for the 

detection of the latent carriers of the virus, to prevent the 

introduction of such animals. 

A good test should be simple, reliable, specific and not 

rely on too transient phenomena. The delayed hypersensitivity 

test is perhaps a good candidate, for several reasons 

(Aguilar-Setien et al., 1978, 1979a). 

DNA recombinant technology will, in the near future, 

provide us with better tools for the study and the diagnosis of 

animal herpesvirus latency. 
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ABSTRACT 
The major antigen involved in neutralization of BHV-1 was 

a glycoprotein with an apparent molecular weight of 93,000 in 
SDS polyacrylamide gels. Although antigen analysis did not 
allow differentiation between BHV-1, a differentiation into 
"IBR-like" and "IPV-like" strains was possible using 
restriction enzyme analysis (HpaI). Eight BHV-1 isolates from 
normal foetuses belonged to the "IBR-like" viruses. From the 
data available it was concluded that only "IBR-like" strains 
have the information for induction of abortion. 

INTRODUCTION 

BHV-1 shares essential properties with other members of 

the herpesvirus group. Besides morphological and biochemical 

similarities, one of the most striking features of these 

viruses is the ability to induce latent infections even without 

causing clinically overt diseases. BHV-1 can be isolated from 

various clinical entities, e.g. infectious bovine 

rhinotracheitis (IBR), infectious pustular vulvovaginitis 

(IPV), conjunctivitis, encephalitis and abortion (reviewed by 

Straub, 1978; Ludwig, 1982). Although separation of isolates by 

serological methods is impossible, a clear difference in 

pathogenicity for animals seems to exist between various 

isolates. IBR viruses induce severe infections of the res­

piratory tract which may be associated with further 

complications, such as, encephalitis, conjunctivitis and 

abortion, whereas infections with IPV virus seem to be 

clinically milder and are maLlly restricted to the genital 

tract. As already mentioned, infections of pregnant cows with 

IBR virus can cause abortion (McKercher and Wada, 1964). The 

foetus shows a systemic infection characterized by focal 

necrotic lesions of the liver, kidney lymph nodes and the 

digestive tract. Infections of heifers with IPV virus does not 



230 

seem to induce abortion (Witte, 1933; Snowdon, 1965). 

Based on this information it was of interest to investi­

gate the biochemical and biological properties of BHV-l viruses 

isolated from apparently normal foetuses (Ludwig and Storz, 

1973; Storz et al., 1980). As little was known about the 

antigenic composition of BHV-l, this investigation analyses the 

major antigens of BHV-l, especially those antigens which are 

involved in neutralization of the viruses. 

Besides the antigen studies, restriction enzyme analysis 

of the different isolates was performed. It was anticipated 

that this would provide more information about these isolates, 

since it is known that BHV-l strains may be grouped into "IBR­

like" and "IPV-like" strains using restriction enzyme patterns 

of the DNA (Engels et al., 1981; Pauli et al., 1981; Ludwig, 

1982) . 

MATERIALS AND METHODS 

Growth of virus 

BHV-l was grown in GBK cells using Eagle's medium 

Dulbecco's modification (EDM) supplemented with 2% heat 

inactivated foetal calf serum. For immunization of rabbits a 

permanent rabbit kidney cell line (RR), (Pauli, unpublished), 

was used for virus and antigen production. For stock virus, 

production cells were inoculated with a multiplicity of 

infection (MOl) of 10-3 . Cell free virus was harvested 24-36 

hrs post infection (hpi). 

Preparation of hyperimmune sera in rabbits 

Individual sera were prepared against three BHV-l strains 

with an "IPV-like" restriction enzyme pattern (Bl, B4, Mo6; see 

Table 1) and against one BHV-l strain with an "IBR-like" genome 

pattern. RR cells grown for at least five days in the presence 

of 2% rabbit serum were infected with an MOl of one. At 24-36 

hpi, approximately 2xl07 cells suspended in one ml PBS were 

mixed with an equal volume of Freund's adjuvant and injected 

intradermally. After the first immunization using complete 

Freund's adjuvant, all booster injections were done with 
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incomplete Freund's adjuvant. Ten days after each immunization 

the animals were bled. 

TABLE 1 BHV-l strains and isolates 

LA 

K22 
Bl 
B4 
Mo3 
Mo6 
S2 

lBR reference strain 
Los Angeles 
lPV reference strain 
vaccination strain 
vaccination strain 
IBR-isolate (1) 
IPV-isolate (1) 
IPV-isolate 

restriction enzyme pattern 
(Hpa I) 

"lBR-like" 

"lPV-like" 
II IPV-like" 
"IPV-like" 
"IBR-like" 
"IPV-like" 
"IPV-like" 

Gi-l - Gi-5 isolated from foetuses 
(spleen, 2) 

"lBR-like" 

BFN-IH 

BFN-llN 

BFN-2D 

isolated from foetus 
(test.icles, 3) 
isolated from foetus 
(kidney, 3) 
isolated from foetus 
(kidney, 3) 

(1): Engels et al., 1981 
(2): Ludwig and Storz, 1973 
(3): Storz et al., 1980 

"lBR-like" 

"lBR-like" 

"lBR-like" 

Preparation of antisera directed against individual 

precipitation bands obtained by crossed immunoelectrophoresis 

was done essentially as described by Vestergaard (1975). 

Besides rabbit sera, bovine sera from naturally infected or 

hyperimmunized animals were employed. 

Serum neutralization tests 

Neutralization assays were performed using microtiter 

plates and overlay medium containing carboxymethyl cellulose in 

EDM. Plaques were counted 40 hpi and the antibody titers 

calculated (80% plaque reduction, Pauli and Ludwig, 1977). 

Analysis of BHV-l antigens on PAGE 

GBK cells were infected with a MOl of ten and labelled 

from 5-20 hpi with (6- 3H)-glucosamine (25 ~Ci/ml) or a mixture 
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of amino acids (leucine, lysine, valine 10 ~Ci/ml each). 

Solubilization of antigens and the immunoprecipitation followed 

procedures which were described earlier (Pauli and Ludwig, 

1977). Precipitates were analysed on gradient slab gels (5-12% 

acrylamide) using the electrophoresis system described by 

Lammli (1971). Gels were stained with Coomassie brilliant blue. 

3H-labelled proteins were visualized by fluorography utilizing 

the fluorographic cocktail "En3Hance" (New England Nuclear) 

followed by autoradiography. 

Restriction enzyme analysis 

GBK cells infected with a MOl of ten were harvested 20-24 

hpi. The extraction of the viral DNA was essentially that 

described by Pignatti et al. (1979). DNA was digested with 

restriction enzymes and analysed as described by Herrmann et 

al., (this issue). 

RESULTS 

In crossed immunoelectrophoresis bovine sera with high 

neutralizing antibody titers (1:200) precipitated only a 

limited number of antigens. Usually one to two distinct 

precipitation bands were visible (Fig. 1). Rabbit hyperimmune 

sera directed against BHV-l infected cells, however, recognized 

up to eight different antigens. Five of them seemed to 

represent the major immunogenic components (Fig. 2). No 

differences in the precipitation pattern were obvious when the 

different BHV-l strains were investigated. This demonstrates 

that the major antigens of these viruses cannot be 

differentiated by this technique. 

To answer the question whether bovine sera and rabbit 

hyper immune sera precipitate the same or different antigens, 

the crossed immunoelectrophoresis with intermediate gels was 

applied. The reduction of precipitation bands shows that 

antigens recognized by this rabbit serum were also detected by 

bovine antibodies (Fig. 1). 

To further ~nalyse the biological function of the 

antigens, antisera directed against individual precipitation 
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A B 

Fig. 1 BHV-1 antigens detected by rabbit hyper immune serum and 
by bovine serum in crossed immunoelectrophoresis A,B: antigens 
precipitated with polyspecific rabbit hyper immune serum. The 
intermed}ate gels .contained either fetal calf serum (A, 
15 ~l/cm ) or bovine serum2taken from a cow recovered from an 
IBR infection (B, 15 ~l/cm ). C: the same antigen preparation 
electroph2resed into the bovine sercrID also used in B 
(15 ~1/cm2). The intermediate gel contained fetal calf serum 
(15 ~l/cm ). 

A B c 

Fig. 2 .. Crossed immunoelectrophoresis of BHV-1 antigens. BHV-1 
antigens prepared from infected cells were electrophoretically 
separated in the first dimension and run in the second 
dimension into antibody-containing agarose gels A: code numbers 
of BHV-1 antigens. The upper gel conta}ned a rabbit hyper immune 
serum directed against BHV-1 (15 ~l/cm ). B-D: crossed 
immunoelectrophoresis of B~V-1 antigens into rabbit hyper immune 
serum (upper gel, 15 ~l/cm ) with inter~ediate gels containing 
either normal rabb}t serum (B, 15 ~l/cm )i rabbit anti-Ag5 2 
serum (C, 15 ~l/cm ) or rabbit anti-Ag4 serum (D, 20 ~l/cm ). 

bands were prepared and investigated: the specificity of the 

sera was tested in crossed immunoelectrophoresis (Fig. 2). In 

neutralization tests sera directed against Ag4 or Ag5 

inactivated the virus (Table. 2). Anti-Ag4 sera showed only low 

neutralization titers, whereas anti-Ag5 serum was as potent as 

the sera directed against all virus antigens. The specificity 

of neutralizing activity was shown by adsorbing the sera with 
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uninfected cells. Only in anti-Ag4 sera was a significant loss 

of neutralizing anitbodies found. The adsorption experiments 

show that anti-Ag4 sera contain anitbodies recognizing antigens 

on the surface of uninfected cells. The use of complement 

increased the neutralization titers by a factor of 3-5. 

TABLE 2 Serum neutralization tests 

rabbit rabbit rabbit 

anti BHV-l anti Ag4 anti Ag5 

C, inactive 340 3 150 

C, active 1200 16 530 

C, inactive 160 < 2 160 
preadsorbed 

C, active 450 < 2 500 
preadsorbed 

The table shows the mean values of three experiments (re­
ciprocal serum dilutions at 80% plaque reduction). C, in­
active means guinea pig complement inactivated for 30 min at 
56 0 C. Preadsorption of the sera was done as described else­
where (Pauli and Ludwig, 1977). 

Identification of antigens in PAGE 

PAGE analysis of precipitates received with rabbit hyper­

immune sera resolved up to 25 different antigens, eight of them 

glycosylated (Fig. 3). No significant differences could be ob­

served when six strains were investigated. The monospecific 

antisera directed against Ag4 and Ag5 were used in the same 

technique. Both sera reacted with glycoproteins with apparent 

molecular weights of 80,000 (gp80) and 83,000 (gp83). Anti-Ag5, 

however, precipitated an additional glycoprotein with an 

apparent molecular weight of 93,000 (gp93) (Fig. 4). The 

observation that these an~isera react monospecifically in 
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immunoelectrophoresis, while also recognizing several identical 

proteins in the immunoprecipitation assay is not yet fully 

understood. 

In immunoprecipitation, bovine antisera gave the same 

pattern as the anti-Ag5 serum. Gp93 appeared to be the most 

prominent antigen precipitated (Fig. 4). This glycoprotein was 

previously described using a different electrophoresis system 

as a 128,000 glycoprotein (Pauli and Aguilar-Setien, 1980). 

11 12 

3ig. 3 PAGE analysis of immune ~recipitates. 
H-glucosamine (odd numbers) or H-amino acids (even numbers) 

labelled BHV-l antigens prepared from infected cells were 
incubated with rabbit hyperimmune serum. 
Antigen-antibody-complexes were precipitated with Staph. aureus 
protein A and analysed on gradient slab gels (5-12 % 
acrylamide). The following strains were investigated: Bl, lanes 
1 and 2; B4, lanes 3 and 4; Mo3, lanes 5 and 6; Mo6, lanes 7 
.and 8; K22, lanes 9 and 10; LA, lanes 11 and 12. As molecular 
weight markers, phosphorylase a (94,000), bovine serum albumin 
(67,000), ovalbumin (45,000) and B-lactoglobulin (18,000) were 
used. 

Analysis of viral DNA by restriction enzymes 

The antigen and protein analysis did not allow a 

differentiation of BHV-l strains. The different isolates, 

however, could be grouped in "IBR-like" and "IPV-like" strains 

using restriction enzyme analysis (Engels et al., 1981; Pauli 

et al., 1981; Ludwig, 1982). This technique was therefore used 



236 

Fig. 4 PAGE analysis of 
antigens. 
The following antisera were investigated: lane 1, 5, rabbit 
hyperimmune serum (polyspecific); lane 2, rabbit anti-Ag4 (1); 
lane 3, rabbit anti-Ag4 (2); lane 4, rabbit anti-Ag5. 
Antigen-antibody-complexes were precipitated with Staph. aureus 
protein A. Lane 6, bovine anti-BHV-l hyper immune serum (1.)" 
lane 7, bovine anti-BHV-l hyperimmune serum (2); lane 8, serum 
from a cow taken three weeks after abortion. 

Fig. 5 Analysis of DNA fragments on agarose gels. 
Purified viral DNA was digested with the restriction enzyme Hpa 
I and the DNA fragments analysed on 0.6% agarose gels. The 
following strains or isolates were investigated (see also table 
1): Bl (lane 1), K22 (lane 2), Mo3 (lane 3), Gi-2 (lane 4), 
Gi-3 (lane 5), Gi-4 (lane 6), BFN-IIN (lane 7), BFN-IH (lane 
8), S2 (lane 9), Mo6 (lane 10), BFN-2D (lane 11), Gi-l (lane 
12), Gi-5 (lane 13), LA (lane 14) f B4 (lane 15). 
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to study the isolates obtained from apparently normal foetuses 

(Ludwig and Storz, 1973; Storz et al., 1980). All eight 

isolates investigated had a restriction enzyme pattern similar 

to the pattern of "IBR-like" viruses (Fig. 5), regardless of 

the fetal organ from which they were isolated (Table 1). 

Field studies using fetal isolates 

To study the virulence of such isolates, two strains which 

had been characterized by antigen and DNA analysis were se­

lected. Isolate Gi-5 inoculated into the respiratory tract pro­

duced a mild disease accompanied by fever similar to the known 

IBR virus infection. When isolate BFN-IH was inoculated into 

two pregnant heifers (171 and 211 days of gestation), the 171 

days old foetuses (the animal had twins) were aborted eleven 

days later. The 211 days old foetus was found alive 30 days 

later. 

DISCUSSION 

In agreement with others and our earlier reports from this 

laboratory, a differentiation of BHV-l isolates by serological 

methods is not possible (Ludwig, 1982). In this investigation, 

detailed information is presented that various BHV-l strains 

had a comparable antigen make-up. The most prominent antigen 

involved in neutralization seems to be a glycoprotein with an 

apparent molecular weight of 93,000 (gp93). When the DNA of 

viruses isolated from normal foetuses was analysed by the 

"fingerprinting technique", it could be shown that all eight 

isolates belonged to the "IBR-like" group of BHV-l. The 

isolation procedure and the organs from which the viruses were 

isolated, suggested that these viruses are present in a latent 

form in the foetus. Although nothing is known about the event 

of infection, our results show that foetuses can become 

latently infected in utero without any clinical signs. 

The virulence of such isolates (especially their aborto­

genic capacity) could be shown in vivo experiments, since one 

of those isolates, which had the "IBR-like" genome pattern, in­

duced abortion in a pregnant heifer. 
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These field studies further underline our proposal (Pauli 

et al., 1981; Ludwig, 1982) that BHV-1 isolates can be divided 

into "IBR-like" viruses, which cause a variety of clinical 

symptoms and which, additionally, are responsible for abortion, 

and into "IPV-like" isolates, which do not induce abortion. 

This view of varying pathogenicity of BHV-1 strains is 

supported not only by earlier observations (Witte, 1933; 

Snowdon, 1965) but also by the outcome of vaccination 

programme. 

There are reports that some vaccines, which originate from 

"IBR-like" virus strains, and which are used in the United 

States, have been found to be associated with abortion (Kahrs, 

1977), whereas no abortions have been observed in animals which 

received BHV-l vaccines of the "IPV-like" genome type (Ludwig, 

1982) • 

The DNA analysis of BHV-1 strains represents a successful 

application of the genome "fingerprinting technique" to an old, 

pending problem, the IBR-IPV virus differentiation. Starting 

with the data that BHV-1 strains of different pathogenicity can 

be recognized by restriction enzyme analysis, further in vivo 

experiments using BHV-1 viruses with a defined genome structure 

are necessary to substantiate our hypothesis. 
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ABSTRACT 
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Ten head of cattle were vaccinated with an inactivated 
IBR-IPV virus vaccine, either twice subcutaneously, once 
subcutaneously and oncesintranasally, or twice intranasally. 
After challenge with 10 TCIDSO IBR-IPV field virus, 8 became 
latent carriers. 

INTRODUCTION 

Live attenuated IBR-IPV virus vaccines have been used 

widely for many years (f. review s. Straub, 1978); inactivated 

vaccines have been more recently introduced. The results of 

experiments with inactivated vaccines vary considerably 

(Straub, 1977 & 1979; Nettleton and Sharp, 1980; Msolla et al., 

1979; Lazarowicz et al., 1980; Frerichs et al., 1982; Brun et 

al., 1982). The first attenuated live virus vaccines were 

administered parentally, as are the inactivated vaccines. The 

newer generation of live attenuated vaccines however, from 1970 

onwards (Straub, 1970; Todd et al., 1971; Zygraich et al., 

1974) could also be administered intranasally and 

intragenitally resulting in a local as well as a humoral 

immunity. Nevertheless, the demand for better inactivated 

vaccines continued. Based on positive results obtained when 

cattle were immunized intranasally with an inactivated 

trivalent foot-and-mouth-disease vaccine (Straub and Bauer, 

1971; unpublished data) experiments were carried out in which 

an inactivated IBR-IPV vaccine was administered by different 

routes. 

MATERIALS AND METHODS 

(1) Vaccination and Treatment Programme 

Three groups of female cattle (in total 10 animals), aged 

1-2 years, free of IBR-IPV virus antibodies and housed in 

isolation units in groups of 3 or 4, were used in the 
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experiment. They were vaccinated twice at an interval of 40 

days as shown in Table 1. Two months later the animals were 

challenged by intranasal inoculation of SxlOS TCIDSO IBR-IPV 

field virus and 80 days later treated with prednisolon for 6 

days (SO mg per dt) . 

TABLE 1 Vaccination Programme 

Group 

I 

II 

III 

controls 

(1) 

(2 ) 

no. of 

animals 

3 

3 

4 

2 

1 

mode of 

application 

2 times 

subcutaneous 

once sub-

cutaneous 

once intranasal 

2 times 

intranasal 

intranasal 

(field virus -
107,STCID ) 

SO 

challenge 

2 months later 

intranasally 

intranasally 

intranasally 

intranasally 

intranasally 

(first inoculation 

with field virus -

SXlOS.OTCIDSO ) 

Antibodies in serum and nasal secretions were determined 

prior to the inoculation with field virus. 

Swabs for virus isolation were taken daily after the virus 

challenge, and from the day of treatment with the 

immunosuppressive drug until in the last virus shedding animal 

virus could no longer be detected for at least two consecutive 



days. Body temperatures were taken twice daily during these 

periods and the animals checked for the presence of clinical 

symptoms. 

(2) Virus Inactiv~tion 
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A mixture of two field virus strains an IBR and an IPV 

strain low passage level were used for the vaccine. They were 

inactivated using ethylenimine as described previously in 

detail (Straub, 1977 and 1979). Before inactivation, the virus 

suspensions had a titer of 108 TCID SO ' 

(3) Virus Neutralization Test 

This was carried out as usual (Straub and Wizigmann, 1968) 

but using 10 TCIDSO per ml without the addition of complement. 

(4) Controls 

Two animals were inoculated with 107 . S TCIDSO field virus 

(strain C-BFA, 3 rd passage). At the time of challenge a third 

animal received the same dosage as the vaccinated or inoculated 

control animals, namely S x 10S , 0 TCIDSO ' 

(S) Isolation of the Virus 

The swabs taken were treated as described previously and 

the tissue cultures consisted throughout the experiment of 

bovine kidney cells (Straub, 1978). 

RESULTS 

The vaccinated animals did not show any clinical symptoms 

or lack of food intake; the two controls however, developed 

severe typical symptoms of IBR. The showed a distinct rise in 

temperature starting on day 2 p.i., with a maximum of 40.6 oC 

and 41.SoC on days 3 and 10 respectively. Virus was shed from 

day 1 to 16 by both animals and the maximum virus titers in the 
10 nasal secretions reached 10 TCIDSO on the third day. 

All animals developed serum neutralizing antibodies and 

some also had provable antibodies in the nasal mucus. The 

results are presented in detail in Table 2. 
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TABLE 2 Results of the virus neutralizing tests of 10 

vaccinated animals and 2 controls 40 days after the 

second vaccination (prior to challenge) 

Group animal 
0 no mode of serum antibodies in 

application titer nasal mucus 0 

1 2 times 2.85 0 

subcutaneous 

I 2 " 2.55 0.15 

3 " 2.10 0.15 

4 once sub- 1.80 0 

II cutaneous 

5 once intra- 1. 95 0 

nasal 

6 " 1.50 0 

7 2 times 1. 80 0.15 

intranasal 

III 8 " 1. 65 0.15 

9 " 1.80 0 

10 " 1. 65 0.30 

controls 11 intranasal 2.85 0.15 

(field virus) 

12 " 2.85 0.15 

0 in -log 10 

Following challenge, only one animal from each of groups I 

and II exhibited light symptoms of the disease. Two animals of 

group III reacted with marked rises in temperature and an 

increased nasal serous discharge but all of them shed virus for 

various periods as indicated in Table 3. Three animals from 

groups I and II did not shed any virus. Only one of the 

controls shed virus. The challenge control developed typical 

clinical symptoms of IBR and shed virus from day 1 to 12 p.i. 

with a maximum of 1010TCID on day 5. 
50 
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TABLE 3 Results of the virus recovery tests from swabs taken 

after the animals were challenged by the intranasal 

inoculation of 5xl05 TCID50 (field virus) 

Group animal 
no. mode of 

appli­

cation 

clinical virus maximum on day 

symptoms 3 ) recovery titer in p.i. 

positive nasal 

I 1 

2 

3 

II 4 

5 

6 

III 7 

8 

9 

10 

con- 11 
troIs 

12 

2 times 
subcutaneous 

" 

" 

once sub­
cutaneous 
once intranasal 

" 

" 

o 

o 

o 

2 times intra- T4 
nasal 

" 

" 

" 

once i.n. 
(field virus) 

" 

T 

T 

1) in log 10 TCID50 

from 

days_to 

4 - 12 

2) 

5 - 16 

3 - 12 

2) 

2) 

16 - 20 

11 - 20 

5 - 20 

9 - 20 

2) 

4 and 9 

mucusl) 

8.5 

7.5 

9.25 

5.25 

5.00 

7.25 

7.50 

1.5 

2) Virus could not be recovered during the whole period 

3) 0 distinct clinical symptoms 

4) marked rise in temperature 

9 

10 

7 

18 

14 

11 

14 

4&9 

Following the administration of an immunosuppressive drug 

all but two animals shed virus. The first animal started 
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shedding virus on day 4 and the last on day 12. The excretion 

lasted for various periods of time and the virus titers in the 

nasal secretions differed. The last day with a successful virus 

recovery was day 21. The results are presented in detail in 

Table 4. 

TABLE 4 Results of the virus recovery test from nasal swabs 

taken after the administration of prednisolon 

Group 

I 

II 

III 

con-

animal mode of vaccine 
no. application 

1 2 x sbc. 

2 " 
3 " 

4 1 x sbc 1 x i.n. 

5 " " 
6 " 

7 2 x Ln. 

8 " 
9 " 

10 " 

11 once field virus 

virus recovery 
positive from 
days to 

11 - 13 
2) 

8 - 11 

on day 9 

12 - 21 

8 - 12 

5 - 17 

6 - 10 

6 - 11 

5 - 8 
troIs Ln. plus challenge 

12 " 5 - 12 

chal- 13 one inoculation 4 - 9 

lenge with 5xl05TCID50 
control field virus 

1) in loglOTCID50 

maximum 
titer in 
nasal 
mucusl) 

3.5 

6.75 

1.50 

7.50 

4.75 

4.75 

8.00 

4.25 

5.25 

8.00 

7.25 

2) Virus could not be recovered during the whole period 

on 
day 

11 

10 

9 

16 

10 

15 

9 

9 

7 

10 

8 
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DISCUSSION 

There can be hardly any doubt that the vaccination was un­

successful in preventing a virus carrier state, even though two 

animals appeared to remain virus free. If the virus challenge 

dose had been higher it is possible that they would also have 

become latent carriers. The relatively low dosage was chosen 

because it had been known from earlier experiments that 

latently infected animals in general shed lower doses than 

newly infected ones. It must be stated, however, that 6 animals 

from the 13 shed more virus per ml of nasal mucus than was 

contained in the challenge dosis. 

The results also demonstrate once again that there is no 

relationship between antibody titer and length of virus 

excretion or virus concentration in the nasal mucus. 

Furthermore it appears that humoral antibodies alone -

most probably of the IgG ~lass - do not offer a better 

protection than local antibodies - presumably of the Ig A 

class. 

It is interesting to note however, that animals vaccinated 

twice parenterally develop approximately the same antibody 

titers as animals inoculated locally with field virus (as 

reported previously, Straub, 1977). 

Better results could perhaps be expected if inactivated 

vaccine is administered simultaneously both locally and 

systemically. It is of course of utmost importance to know the 

ultimate aim of a vaccination programme. If the sole purpose of 

a vaccine consists in disease prevention, inactivated vaccines 

obviously function. If disease occurs in a herd, attenuated 

live vaccines appear to be advantageous since they can almost 

stop the spread of field virus to animals that have not 

contacted the virus. It is also an advantage that live 

attenuated vaccines act as interferon inducers. In herds 

latently infected with IBR-IPV viruses, a combination of live 

and inactivated vaccine application has been proved to lead to 

a seronegative progeny (Straub et al., 1982). This is so 

provided inactivated vaccines are used repeatedly to maintain a 

high level of humoral antibodies, which are passed via the 
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colostrum to the newborn. Using this procedure and strict 

separation methods, it will be possible to attain a virus free 

region. 

If a programme of this nature is impossible to conduct, 

live attenuated vaccines can still be useful, especially in the 

light of results presented at this symposium, where studies 

with Herpes simplex have shown that only the first virus will 

become latent and that subsequent infections do not lead to 

another strain latency. If this proves true for IBR~IPV viruses 

it will be advantageous to use live attenuated vaccines rather 

than inactivated .ones. Special attention should then also be 

paid to the possibly different behaviour of thymidine kinase 

positive and negative virus strains. 
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ABSTRACT 
Cattle, free from Bovid herpesvirus 1 infection, were 

intranasally infected with a plaque purified Belgian BHV 1 
isolate. Latent viruses were reactivated by dexamethasone 
treatment of the animals using standard procedures. 

The genomes of the strain used for primary infection and 
reactivated viruses were compared after digestion with the 
restriction endonuclease Eco RI. 

After discussion of these preliminary results, the use of 
restriction analysis to determine if recombinant viruses appear 
after reactivation in cattle previously infected with two 
different BHV 1 strains will also be discussed. 

INTRODUCTION 

One of the main problems encountered in the study of 

latency is to know whether or not a latent virus remains stable 

in a carrier animal. 

Several attempts were made in order to check the stability 

of various Bovid herpesvirus 1 (BHV 1) strains: for example, 

the measurement of the mean plaque size showed in certain cases 

that plaques produced by reactivated strains were smaller than 

those produced by the initial ones (Pastoret et al., 1979a). A 

biochemical approach, using polyacrylamide gel electrophoresis 

of structural proteins, revealed no difference between the 

patterns of a wildtype strain and of a reactivated strain 

isolated from a bovine latently infected with the previous 

wildtype strain (Pastoret et al., 1980a). 

Studying the viral genome seems to be a more direct 

approach: the use of restriction analysis provides this new 

tool. In a previous report, Pastoret et al. (1980b) did not 

show any difference between the restriction patterns of two 
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vaccine strains (ts strain and Connaught vaccine strain) and 

the reactivated strains isolated from cattle experimentally 

infected with these strains. 

In this preliminary study, we compare the Eco RI 

restriction patterns of a Belgian field strain of BHV 1, 

isolated from a typical respiratory case and of the reactivated 

viruses isolated from cattle latently infected with this 

strain. 

MATERIAL AND METHODS 

Cell cultures 

GBK (Georgia Bovine Kidney) cells, kindly provided by 

Prof. L.A. Babiuk, Saskatoon, Canada, were cultured in Roux 
2 8 2 8 flasks (175 cm , 10 cells) or roller bottles (850 cm , 5xl0 

cells) as previously described (Thiry et al., 1981). 

Viruses 

Strain IBR Cu5 was isolated in Belgium in 1976 from a 

typical respiratory case. It had been plaque purified three 

times. Strains IBR Cu5GIJ06 and IBR Cu5TIJ06 were isolated on 

day 6 after the first dexamethasone treatment from, 

respectively, a heifer and a bull calf infected with plaque 

purified IBR Cu5. Strain IBR Cu5G3J06 was isolated from the 

same heifer, but on day 6 after the third dexamethasone 

treatment. 

Restriction analysis was performed using these strains 

passaged three times on GBK cells. 

Animals, infections, reactivation procedures 

The two cattle used in this experiment were free of 

antibody to BHV 1. At 6 months of age, both animals received 1 

ml of a viral suspension containing 8xl05 plaque forming units 

(pfu) into each nostril. At 8.5 months of age, animals were 

intravenously inoculated with six consecutive daily doses of 

dexamethasone (0.1 mg per kg body weight). Nasal swabs were 

collected daily for 16 days. The procedure was repeated at 11 

months and 14 months of age, using double the dosage of 



dexamethasone on the last occasion. The strains described 

before were isolated during this experimental procedure 

(Pastoret et al., 1979b). 

Virus multiplication, purification and restriction analysis 
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GBK cells were infected with virus and incubated at 37 oC. 

After 48 h., when the cythopatic effect was generalized, cell 

culture supernatant was collected and BHV 1 purified from this 

by the technique described by Talens and Zee (1976). Briefly, 

after removing cell fragments and pelleting the virus, the 

virus suspension was centrifuged at 150.000 g (SW 50.1) during 

1 h. through a sucrose cushion (25%, w/w). The viral pellet was 

resuspended and centrifuged through a potassium tartrate 

preformed gradient (10%/40%, w/w). Viral bands were collected 

and pelleted again. The pellet was resuspended in tris HCl 
-2 10 M, pH 8.3 (final volume: 3 ml). Purified virus suspension 

was kept at 4oC. 

The suspension was deproteinized by incubating overnight 

with proteinase K (200 ~g/ml) and SDS (0.2%). SDS was added to 

a final concentration of 0.4% and NaCl to 0.25 M. Proteins were 

removed by phenol-chloroform extraction. After adding NaCl to a 

final concentration of 0.35 M, DNA was precipitated with 

ethanol at -20oC and dissolved in TE (10- 3M EDTA, 10-2M tris, 

pH 7.5) to get a final concentration of 2 ~g DNA/10 ~l. 

The DNA solution (10 ~l) was then digested by the 

restriction endonuclease Eco RI: the reaction mixture contained 

viral DNA, 100 rnM NaCl, 5 rnM MgC12 , 50 rnM tris HCl (pH 7.5) and 

2 U. of Eco RI (Boehringer). After incubating for 1 h. at 37 oC, 

the reaction was terminated by the addition of 50% Glycerol, 25 

rnM EDTA and 0.12% bromophenol blue. 

DNA samples were loaded onto wells in a horizontal 0.8% 

agarose slab and electrophoresed for 15 h. at 75 V. The 

electrophoresis buffer contained 20 rnM sodium acetate, 2 rnM 

EDTA, 40 rnM tris, pH 7.8. After staining gel with ethidium 

bromide (1 mg per 500 ml distilled water) for 1 h., the gel was 

illuminated with an ultraviolet light and photographed with a 

Polaroid MP4 camera. 
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RESULTS 

The electrophoresis pattern of IBR Cu5 is slightly 

different from conventional BHV 1 respiratory strains (IBR Los 

Angeles, IBR Cu7): C+D band seems to be a composite of two 

fragments (Figure 1; Table 1). 

The strains IBR Cu5T1J06 and G1J06 did not differ from IBR 

Cu5 (Figure 2). Moreover, IBR Cu5G3J06 was similar to IBR 

Cu5G1J6 and IBR Cu5. Therefore with Eco RI, no difference was 

found between viruses isolated after successive reactivations 

in the same bovine. 

... .. . 
1 ..... LA 

I. _c.7 
a. I ... c.e 
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Fig. 1 Eco RI Restriction pattern of several bovide 
herpes virus 1 strains. 

TABLE 1 

A 

B 

C 

C+D 

D 

E 

F 

G 

Molecular weights of restriction endonuclease 

digests of BHV 1 strains (Eco RI) Mol wt X106 

IBR LA IBR Cu7 IBR Cu5 IBR Cu3 IBR//IPV IBR ts 
vaccine RLB 106 

Bayer 

(35) 

13.7 

11. 5 

11 

9.2 

5.6 

1.6 

(35) 

13.7 

11.5 

10.9 

9.3 

5.7 

1.6 

(35) 

13.7 

10.5 

9.5 

5.5 

1.6 

(35) 

13.7 

11 

9.3 

5.7 

1.6 

(35) 

13.7 

11.7 

10.2 

9.3 

5.6 

2.5 

(35) 

13.7 

11.5 

10.8 

9.2 

5.6 

1.6 



255 

100 Itt 

1 .• Cui 

I. CllliG3JOe 

S. CiIIIT1JGe 

•. CIIIIG1J08 

Fig. 2 Eco RI Restriction pattern of recativated 
viruses and parent IBR CuS strains. 

DISCUSSION 

The results presented here are preliminary: only Eco RI 

restriction patterns are studied. They must be confirmed by 

using other restriction endonucleases such as Bam HI and Hind 

3. 

No difference in the cleavage pattern was observed between 

two reactivated viruses isolated from two distinct animals and 

the strain used for primary infection of these animals, and 

between two isolates obtained after two different successive 

reactivation in the same animal. 

Even if it finally appears that latent BHV 1 strains are 

stable in the bovine carrier, another problem may arise if a 

bovine animal latently infected with two different strains of 

BHV 1 reexcretes a recombinant virus. In some cases, 

recombinant genomes may be detected by restriction analysis: 

this is well documented for intertypic recombinant between 

herpes simplex virus 1 and 2 (Morse et al., 1979), where the 

gain or loss of restriction sites and the production of novel 

DNA fragments are generated (Amundsen, personal communication). 

The detection of recombinant genomes of BHV 1 is difficult 

because the genomic variation between strains, as shown by 

restriction analysis, is already very slight (Engels et al., 

1981; Pastoret et al., 1980b; Pauli, 1981; Rziha et al., 1981). 
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If recombination could occur between two field strains, 

and even if the recombinant virus is infectious and leads to 

clinical disease, the significance of recombination would be 

less important than if recombination occurs between a field 

strain and a vaccine strain or between two vaccine strains. 
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Five calves were infected intravenously with bovid 
herpesvirus 2 (BHV2). Three of the calves were killed at the 
acute stage of infection and BHV2 was recovered from skin 
nodules, brain, ganglia and cutaneous nerve thus confirming the 
results of other workers (Castrucci et al., 1977; Castrucci et 
al., 1982). The remaining two calves were kept for 16 months 
during which time skin nodules persisted but became 
non-reactive. The calves were then given a course of 
corticosteroid intravenously and one calf was killed on each of 
days 3 and 5 after the last corticosteroid injection. BHV2 was 
recovered only from skin lesions reactivated post 
corticosteroid administration and not from the peripheral or 
central nervous system. The evidence presented suggests that in 
these two calves the skin was an important site of virus 
latency. 

INTRODUCTION 

BHV2 is associated with a number of syndromes in cattle 

(Gibbs and Rweyemamu, 1977). In the United Kingdom the virus is 

known to cause severe herpetic lesions on the teats and udders 

of cows and heifers shortly after calving (Martin et al., 

1966). Outbreaks occur only in the autumn, often with dramatic 

suddenness and sometimes unassociated with the introduction of 

animals to the herd. Such outbreaks often occur in herds with 

no previous history of infection with BHV2. One explanation for 

this could be that an earlier previously subclinical infection 

had remained latent till reactivated following a reduction in 

cell-mediated immunity associated with late pregnancy and 

parturition (Martin et al., 1975). BHV2 has been shown to be 

capable of latent infection and virus has been recovered from 

reactivated skin lesions (Martin and Scott, 1979) and more 

recently from nerve tissue (Castrucci, 1982). As this 

phenomenon of latency could be important in the epidemiology of 

the disease the experiment described was undertaken in an 

attempt to show that a British isolate of BHV2 could be 
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recovered from the nervous system of the acute stage of 

infection and following a period of latency. 

MATERIALS AND METHODS 

Virus and virus isolation 

The strain of BHV2 used in this experiment was isolated in 

Scotland from cows with mammillitis (Martin et al., 1964). 

Swabs for virus isolation were taken directly into virus 

transport medium and BEK cell cultures were inoculated with 

minimal delay. When required, skin lesions were removed 

sugically, under local anaesthesia, and were used to prepare 

explant cultures, co-cultrues and suspensions for recovery of 

virus. Tissue for co-cultures and suspensions were added to BEK 

cell cultures. Samples taken at necropsy were prepared 

similarly. 

Isolates of virus were shown to be BHV2 by neutralisation 

with specific antiserum. 

Cell cultures 

Secondary cultures of bovine embryonic kidney (BEK) cells 

were used for the growth, titration and isolation of virus. 

Eagles' medium containing 2% heat-inactivated horse serum 

and antibiotics was used for BEK cell cultures and for explant 

cultures Eagles' medium containing 10% foetal bovine serum and 

antibiotics was used. 

Neutralization tests 

(a) Estimation of antibodies to BHV2 in sera from experimental 

calves. 

Sera were inactivated by heating at S6 0 C for 30 m and 

serial twofold dilutions prepared. To each dilution was added 

an equal volume of a suspension of BHV2 containing an estimated 

100 TCIDSO per mI. Serum virus mixtures were incubated at room 

temperature for 60 m. BEK cell cultures were inoculated and 

examined for cytopathic changes after 6 days incubation at 

37oC. A virus titration was carried out concurrently to ensure 

that the virus titre did not deviate markedly from expected. 
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(b) Typing of virus isolates by neutralization with specific 

antiserum. 

Serial ten-fold dilutions of virus isolates were prepared 

in PBS containing 2% heat-inactivated horse serum. An equal 

volume of a 1/10 dilution of antiserum to BHV2 with a known 

titre of 1/22 against 100 TCIDSO was added to each dilution of 

virus. Virus-antiserum mixtures were reacted at room 

temperature for 60 m and then inoculated into BEK cell 

cultures. Tests were read after 6 days incubation at 37 oC. A 

control titration of each isolate was reacted with a 1/10 

dilution of heat-inactivated horse serum. In calculating the 

titre of antibody, the actual dilution of serum before the 

addition of virus was used. 

Animals 

Male Jersey calves, between 5 and 20 weeks of age, were 

used. The serum from each calf was shown to be free from 

antibodies to BHV2 and BHVl prior to inoculation. 

Methods of infection 

Five calves were infected by intravenous (iv) injection of 

1 ml of BHV2 containing between 106 . 2 and 106 . 7 TCIDSO of 

virus. One calf was killed on each of days 7, 9 and 12 

post-inoculation (pi). The two remaining calves were given a 

further three iv injections of BHV2 at monthly intervals 

followed 12 months later by a course of corticosteroid. 

Corticosteroid treatment 

The two calves which were given corticosteroid received it 

16 months after primary infection. The course consisted of the 

intravenous injection of 2 mg/kg dexamethasome ("Dexadreson", 

Intervet Lab., Ltd.) daily for 5 days. 

Histology 

Biopsy samples of skin nodules and samples of tissues 

taken at necropsy were fixed in Baker's calcium-formol, 

dehydrated in alcohols and embedded in paraffin wax. Sections, 
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6 ~m thick, were cut and stained with haematoxylin and eosin 

and with toluidine blue for examination by light microscopy. 

RESULTS 

A slight febrile reaction was detected in all calves 

following the injection of BHV2. Temperatures ranged from 

40.1 oC to 41.3 0 C between days 4 and 9 pi. One calf, killed on 

day 7 pi, had only one detectable skin nodule at, or very close 

to, the site of iv injection of virus. Each calf killed on day 

9 and 12 pi had ulcerative lesions on the chin, dental pad and 

lip. Several palpable plaques of thickened skin, with a 

generalised distribution were detected on both of these calves. 

One also had ulcers around the prepuce (Fig. 1) and on the 

scrotum as described previously (Martin and Scott, 1979). The 

remaining two calves reacted similarly after infection and the 

areas of thickened skin were easily detectable by palpation 

when the calves were examined at the time of each monthly 

injection of BHV2. The skin lesions persisted over the next 12 

months (Fig. 2) and appeared neither to progress or regress 

although they did become painless and less sensitive to touch. 

Two days after completion of the corticosteroid course however 

both calves were slightly dull and several raised plaques of 

skin on one calf were painful on palpation. By day 3 the 

temperature of this calf was 39.7 oC and the lesions were still 

sensitive and painful. At this time the calf was killed. The 

raised plaques in the skin of the remaining calf became neither 

excessively sensitive nor painful during or after 

corticosteroid administration. This calf was killed five days 

after the last corticosteroid injection. 

During the acute phase of infection BHV2 was isolated from 

swabs of both the mouth and lip lesions from the 4 calves 

sampled. Swabs were not taken from the calf killed on day 7 pi 

as no lesions had developed in the mouth or on the lips. 

However BHV2 was recovered from 5/14 tissues taken from this 

calf at necropsy. These included nerve tissue and one 

detectable skin nodule (Table 1). At day 9 pi BHV2 was 

recovered from 2/15 samples including the cutaneous nerve 



Fig. 1 Lesions (arrowed) around prepuce of calf, day 
12 pi. 
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Fig. 2 Calf showing peristent skin lesions 1 year after 
infection. 

supplying the lateral thoracic skin where one of the thickened 

plaques was sited (Table 1). By day 12 pi BHV 2 was recove red 

only from skin nodules and not from any nerve tissue. 

No virus was isolated from any of three biopsy samples 

taken from either calf before corticosteroid admini stration. 

Following corticosteroid treatment however, BHV2 was recovered 
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TABLE 1 Recovery of BHV2 from experimentally infected 
calves 

Tissue 

Anterior cervical ganglia 

Cerebellum 

Fore brain 

Temporal cortex, thalamus 

Skin 

Cutaneous nerve of lateral 
thorax 

Days post 

7 

+b 

+a 
+a,b,c 

+ 
+a,b 

ND 

+ - BHV2 isolated a - suspensions 

- no virus isolated 

ND - not done 

b co-cultrues 

c - explants 

inoculation 

9 12 

ND 
+a +a,c 

+c 

Other tissues examined were:- Mesenteric lymph node, 

retropharyngeal L.N. pre-cranial L.N. mesenteric ganglia, 

posterior cervical ganglia, trigeminal ganglia, spinal 

cord, hind brain, CSF, spleen, testis. 

from 2/2 skin lesions of the calf killed on day 3 and from 1/2 

skin lesions of the calf killed on day 5. BHV2 was not 

recovered from the other tissues examined which were:­

Trigeminal ganglia, hind brain, mid brain, fore brain, spinal 

cord, cerebellum, anterior cervical ganglia, sympathetic nerve, 

maxillary nerve, cutaneous nerves to lesion (3), posterior 

cervical ganglia and sub mandibular nerve. 

No antibodies to BHV2 were detected in pre-inoculation 

serum from any calf and no serological conversion was 

demonstrated in the serum from the calves killed on days 7 and 

9 pi. Antibodies to BHV2 were detected only in undiluted serum 

from the calf killed on day 12 pi. In the remaining two calves 

antibody titres were 1/13 and 1/22 by day 18 pi and continued 

to rise until 12 weeks after the last injection of virus. Both 

animals then had a neutralizing titre of 1/27 and this was 

maintained for a further 8 weeks. The titres then dropped to 

1/5 and 1/19 pre-corticosteroid administration and when finally 
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bled 3 days po~t- corticosteroid were not significantly 

different at 1/4 and 1/18 respectively (Fig. 3). 

Fig. 3 
calves 

c 
0 -::> 

" 
iii 
0 
0 .... 
c-
o 
CIl .... 

40 

30 

20 

10 

0 

D 

" · . · . · . · . · . · . · . · . · . · . · . 
! \ 1/9~ : ..--. . .s.- s. 

f ... . ........ . . . . ~/: .--'-:'i{ ...... X( ... o t" b.""" 

• 
I o 

I 
2 
Iii I Iii 
4 6 8 10 12 14 16 
months post infection 

Serum antibody levels to BHV2 in experimental 
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administration. 

Histology (a) Skin biopsy samples. Samples taken from residual 

lesions on both calves prior to corticosteroid administration 

showed similar features. The loose connective tissue of the 

subcutis was replaced by a thick (0.5 em) layer of collagen 

fibres arranged in bundles in criss-cross fashion and extending 

into the deep layers of the corium. Mild perivascular 

accumulations of mononuclear cells were also present in the 

corium. These accumulations consisted of lymphocytes, mast 

cells and most prominently, eosinophils'. The epidermis appeared 

normal. 

(b) Necropsy samples. No lesions were detected in the 

tissues of the central or peripheral nervous systems. Skin 

lesions ranged from thickening of the stratum germinativum with 

ballooning of cells, to ulceration with necrosis of the 

epidermis and infiltration of the corium and subcutis with a 

mixed population of inflammatory cells among which eosinophils 

were either absent or rare. 
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DISCUSSION 

This experiment has shown that the Scottish strain of BHV2 

can be isolated from the nervous system of cattle in agreement 

with the findings of Castrucci et al. (1982). Additionally the 

latent characteristic of this strain of BHV2 demonstrated by 

Martin and Scott (1979) is confirmed. 

Thickened lesions of collagen deposited in the sub-cutis 

persisted in two calves for 10 months after the final 

experimental injection of BHV2. Histological examination of 

biopsy samples of these lesions revealed a cellular 

infiltration suggestive of a current antigenic stimulus but 

attempts to isolate virus from these samples were unsuccessful. 

Furthermore the antibody status to BHV2 of these calves did not 

show any rise in titre which might have indicated spontaneous 

reactivation of BHV2. It therefore remains unclear why these 

lesions not only peristed but showed little or no regression. 

Previous observations have indicated that skin lesions do 

regress and are only faintly discernible several months post 

infection (Cilli and Castrucci, 1976; Martin and Scott, 1978). 

The calf which was given corticosteroid and which had a 

serum neutralizing titre to BHV2 of 1/4, showed clinical 

manifestations of recrudescence in skin lesions. BHV2 was 

recovered from both lesions excised from the skin at necropsy. 

The other calf which had a serum neutralizing titre of 1/18 

showed barely detectable signs of recrudescence and BHV2 was 

recovered from only 1/2 lesions sampled. In the latter calf the 

antibody titre of 1/18 was apparently insufficiently high to 

eliminate completely the virus but may have been sufficiently 

high to limit recrudescence. 

Castrucci et al., (1982) re-isolated BHV2 on day 6 

post-corticosteroid administration from the nervous system of 

only 1/7 calves experimentally infected with BHV2. The other 

calves were killed later and BHV2 recovered only from nasal 

swabs. Although 2 of the calves in the experiment described 

here were killed on days 3 and 5 post-corticosteroid, virus 

could not be isolated from any of the nerve tissue sampled and 

it is suggested that BHV2 is present in the nervous system only 

for a limited time following reactivation of the virus. 
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Our results favour the hypothesis that the skin is an 

important site for BHV2 latency. Although we failed to confirm 

latency in the nervous system we concur with the view held by 

Castrucci et al., (1982) that the nervous system also may be an 

important site of BHV2 latency. 
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Specific pathogen free lambs were inoculated by several 
routes with the Scottish isolate of Caprine herpesvirus I. All 
but one of the lambs developed interstitial changes in the 
lungs and virus was recovered from the respiratory tract of 
8/17 lambs. Five weeks after primary infection 3 lambs were 
injected intravenously with corticosteroid and subsequently 
virus was recovered from all 3 lambs. 

INTRODUCTION 

Jaagsiekte or sheep pulmonary adenomatosis (SPA) is a 

disease of sheep which results in the development of an 

adenocarcinoma in the lungs. The aetiology of the disease is 

not fully understood but studies on affected lungs have 

implicated by association a herpesvirus and a retrovirus as 

possible causative organisms. The experiments described here 

are concerned only with the herpesvirus. 

The sheep herpesvirus was first isolated in 1969 (Mackay, 

J.M.K.) from adenomatous lung tissue and has never been 

isolated from any other material. The experimental inoculation 

of sheep with this virus has consistently failed to establish a 

causative role for the herpesvirus in the production of 

pulmonary adenomatosis (Martin et al., 1980). In these 

experiments attention had been concentrated mainly on the long 

term effects of the virus in the sheep with the result that 

little is known about the acute stage of primary infection. 

Consequently the experiments described here were designed first 

to examine the effects on the lamb at the acute stage of 

infection and to determine from which tissues virus could be 

recovered and secondly to examine the possibility of latency 

resulting from primary experimental infection. 

MATERIALS AND METHODS 

Animals 

Specific pathogen free (SPF) lambs were inoculated at one 
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day of age and kept in isolation for the duration of the 

experiment. 

Virus 

The herpesvirus used, tentatively classified as Caprine 

Herpesvirus 1 (Roizman et al., 19R1) was isolated in Scotland 

from a sheep affected with pulmonary adenomatosis (Mackay, 

1969). The strain of this virus is known as sheep pulmonary 

adenomatosis herpesvirus (SPAHV). The 14th passage of SPAHV in 

sheep alveolar macrophage (SAM) cells was stored at --70oC until 

required. Virus titrations were made at the time of 

inoculation. 

Experimental design 

Acute experiment Ten SPF lambs were each inoculated with 

SPAHV by several routes viz: 2 ml intravenously (IV), 5 ml 

intratracheally (IT), 2 ml intranasally (IN), 0.5 ml 

intradermally (ID), 0.5 ml intravaginally or intrapreputially 

and 0.2 ml instilled into one eye. The total dose for each lamb 

was 108 . 9 TCIDSO ' Two lambs were killed on each of days 1, 2, 

4, 6 and 11 post inoculation (pi). 

Cell Cultures and Virus Isolation Procedures 

SAM cell cultures grown on coverslips in Eagles medium 

containing 10% heat inactivated adult bovine serum were used 

for all in vitro virus studies. 

Samples of leucocytes obtained from peripheral blood for 

virus isol~tion were taken before inoculation and daily for the 

duration of the experiment. Each sample was passaged twice in 

SAM cell cultures. Tissues taken at necropsy were co-cultured 

with SAM cells and explanted in plasma clots. Co-cultures were 

monitored regularly for evidence of virus and medium from 

explants was transferred to SAM cell cultures to check for 

virus infectivity. At necropsy samples of tissues were taken 

from each lamb from adrenal, bronchial, mediastinal and 

mesenteric lymph nodes, conjunctiva, kidney, liver, lung, nasal 

mucosa, ovary or testicle, skin, spleen, sub-mandibular 

salivary gland, thymus, thyroid, tonsil, tracheal mucosa, 

vagina or prepuce, fore-brain, cerebrum, cerebellum and 
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superior cervical ganglion. Isolates of virus were shown to be 

SPAHV by neutralization with specific antiserum. 

Histology Portions of each tissue were fixed in Bakers 

calcium-formol and in Carnoys fixative, processed to paraffin 

wax, sectioned at S m and stained with Mayers haematoxylin and 

eosin. 

Latency experiment Eight lambs were inoculated by the 

following routes: 2 ml IV, 6 ml IM and 2 ml IN. Each lamb 

received a total of 108 . 2 TCIDSO of SPAHV. Two lambs were 

killed on each of days 3 and 6 pi. One lamb died on day 2S pi 

of an unrelated abomasitis. The remaining lambs were given a S 

day course of corticosteroid starting on day 34 pi. One lamb 

was killed on each of days 1, 3 and 6 following the final 

corticosteroid injection. 

Virus isolation Blood for virus isolation was taken before 

inoculation and daily up to day 6 pi. Additionally blood for 

virus isolation was taken from the three surviving lambs from 

day 34 pi until the end of the experiment (day 44 pi). Nasal 

swabs were taken daily and also on the four days preceding 

corticosteroid administration. 

Tissues taken at necropsy and cultured for virus isolation 

comprised adrenal, brain (pool of fore-brain, cerebrum, 

cerebellum), liver, lung, spleen, sub-mandibular salivary 

gland, tracheal mucosa, trigeminal ganglion. 

Histology Samples of each tissue were taken for histological 

examination as before and portions of lung and adrenal gland 

only were fixed in 3% gluteraldehyde (pH 7.4) and processed for 

electron microscopy. 

RESULTS 

Acute experiment 

No lamb showed any clinical symptoms or had a febrile 

reaction following injection of SPAHV. Virus isolation 

The tissues from which virus was isolated are summarised 

in Table 1. SPAHV was recovered from leucocytes of S/10 lambs 

but never after day 3 pi. Other isolates of SPAHV were made 
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from the respiratory tract on 4 occasions, spleen on 3 

occasions, adrenal twice and once from each of the salivary 

gland, skin and bronchial lymph nodes. Virus was isolated from 

at least one tissue from 7/10 lambs 4 of which were killed on 

days 1 and 2 pi. 

TABLE 1 Acute experiment. PAHV isolations from 10 lambs 

Tissue Day killed p.i. 
1 1 2 2 4 4 6 6 11 11 

Adrenal + + 

Bronchial 
LN + 

Lung + + 

Salivary 
Gland + 

Skin + 

Spleen + + + 

Tracheal 
mucosa + + 

Leucocytes 
(day pi)+(I) +(1) +(2) +(1,3)- +(1,3) -

+ SPAHV isolated 
No virus isolated 

Pathology 

For the purpose of this paper only a limited pathological 

description of the lungs will be given. A full pathological 

description of lungs and other tissues will be given elsewhere 

(Scott et al., in preparation). 

The only macroscopic pathology noted was in the lungs of 

both lambs killed on day 6 pi. This consisted of focal areas of 

deep red consolidation affecting parts of the apical and 

cardiac lobes (Fig. 1). 



Fig. 1 Lung of lamb showing experimentally produced 
consolidative lesions. 
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Histological examination showed changes in the lungs of 

9/10 lambs. On day 2 pi an interstitial reaction with focal 

areas of collapse and exudation of macrophages and neutrophils 

was present. This reaction progressed and was most severe on 

day 6 pi when there was consolidative pneumonia and mononuclear 

infiltration of alveolar walls. Other features were lymphoid 

cuffing of arterioles and exudation of alveolar macrophages. By 

day 11 pi the reaction was confined to an interstitial 

mononuclear cell infiltration and areas of slight collapse were 

all that remained. 

Latency experiment 

As in the acute experiment no lamb developed overt 

clinical illness and no pyrexia was recorded. However 

adventitious lung sounds were heard in 4 lambs on days 2 and 3 

pi. 

Virus isolation: acute stage 

The results of the virus isolations are summarised in 

Table 2. SPAHV was recovered from the blood of 1 lamb only on 

day 6 pi. Virus was recovered also from nasal swabs from each 

of 2 lambs on one occasion. Virus isolations were made also 

from respiratory tract tissue, alveolar macrophages and spleen 
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TABLE 2 Latency experiment - acute phase SPAHV isolations 

from lambs 

Tissue 

Adrenal 

Liver 

Lung 

Tracheal musoca 

Spleen 

Salivary gland 

Brain 

3 

+ 

+ 

+ 

+ 

Trigeminal ganglion + 

Alveolar macrophages 

Leucocytes (day pi) 

Nasal swabs (day pi) 

+ SPAHV isolated 

+ 

No virus isolated 

Day p.i. 

3 

+ 

+ 

+ 

+ 

+ 

+ 

6 6 

+ + 

+ + 

+ + 
+(6) 

+(5) +(4) 

of both lambs killed on each of days 3 and 6 pi. Other isolates 

were from liver and trigeminal ganglion of one lamb killed on 

day 3 pi and from the liver of the other. 

Pathology 

Patchy, discoloured areas were observed in the apical and 

cardiac lobes of the lungs of both lambs killed on day 3 pi. 

The lungs of both lambs killed on day 6 pi were similarly 

affected but in addition one had a small dark red area of 

consolidation about 3 x 2 cms in the right apical lobe. The 

other tissues showed no gross pathological features. 

The microscopical changes observed in the lungs of both 

lambs killed on day 3 and 6 pi were similar to those seen in 

the acute experiment. One lamb (day 6 pi) had more advanced 

lesions with a focal proliferative interstitial pneumonia and 

areas of collapse and consolidation. Electron microscopical 

studies revealed virus like particles, morphologically 

resembling herpesvirus, in an alveolar macrophage (Fig. 2) of 

one lamb. 



Fig. 2 Electron-micrograph of macrophage showing 
intranuclear particles with herpesvirus morphology. 

Virus isolation: latent $tage 

One lamb died of an unrelated abomasitis on day 25 pi. 
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This left only 3 lambs for study at this stage. SPAHV was 

isolated from a nasal swab of one lamb on day 31 pi, 3 days 

prior to the start of corticosteroid administration. Virus was 

also recovered from this lamb on days 36 and 39 pi, from 1 

other lamb on day 39 pi and from one lamb on day 40 pi (Table 

3). SPAHV was isolated from peripheral blood samples of each 

lamb on one occasion following the commencement of 

corticosteroid injections (Table 3). 

TABLE 3 SPAHV isolations from lambs following corti­

costeroid treatment. 

Virus isolations 

dpi No. of lambs 

Leucocytes Nasel swabs Tissues 

39 1 + 1 -3, +2, +5 None 

41 1 + 3 +5 Salivary gland 

44 1 +10 +6 Tracheal mucosa 

+ day from start of corticosteroid treatment 
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Isolates were made from 2 tissues only; one from salivary gland 

on day 41 pi and the other on day 44 pi from tracheal mucosa 

(Table 3). 

Pathology 

No gross pathological changes were observed in any of the 

lungs. Microscopic pathology was limited to patches of mild 

interstitial pneumonia and infiltration of alveolar walls with 

mononuclear cells and neutrophils resulting in distension. The 

lungs of all three lambs had similar features. 

DISCUSSION 

The experiments described showed that experimental 

injection of young lambs with SPAHV consistently resulted in 

infection and the production of abnormal changes in lung tissue 

although no overt clinical signs were observed. The lungs of 

one lamb were unaffected but pulmonary changes observed in the 

other 17 ranged from a slight interstitial reaction to focal 

areas of consolidation or widespread pneumonia. These lesions 

were histologically distinct from both those of SPA (Stamp and 

Nisbet, 1963) and Mycoplasma Ovipneumoniae infection (Foggie et 

al., 1976). 

The list of tissues from which isolates of SPAHV were made 

indicates that the virus can infect, replicate in and be 

recovered mainly from the respiratory tract. 

Electron-microscopic examination of lung tissue of one lamb 

confirmed virus replication within the lung but evidence of 

this was obtained only in alveolar macrophage cells. Virus was 

recovered from 3 lambs six weeks after primary infection but 

from 2 of these lambs only after they had been immunosuppressed 

by corticosteroids. These findings show that the virus can 

persist in vivo for at least 6 weeks following infection and as 

virus was recovered from 2/3 lambs after immunosuppression it 

is reasonable to suggest that this herpesvirus can become 

latent within the host. Although latency has not been 

established unequivocally the experiments described indicate 

that during primary infection the virus had a predilection for 

spleen, adrenal gland and respiratory tract tissues, including 
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lung, which might be target sites for virus latency. 

The characteristic of latency of this herpesvirus could 

provide an explanation for the isolation of SPAHV only from the 

lungs of SPA affected sheep and never from any other disease 

condition or normal lungs. If the lung or pulmonary cells are 

target sites for virus latency, reactivation of virus from this 

area may result from a depression of cell-mediated immunity 

following the development of the tumour. Alternatively 

metabolic or physiological changes in adenomatous lung tissue 

might stimulate virus reactivation from a local or distant site 

of latency. 

The results of these experiments have shown that SPAHV can 

induce a sub-clinical pneumonia and can persist in vivo for at 

least 6 weeks following experimental infection. In addition 

there is evidence which clearly suggests that this virus may 

become latent within the host and can be reactivated and 

reisolated. The relatioriship of this herpesvirus of sheep to 

SPA remains conjectural but it is unlikely that the virus has a 

causative role in the production of pulmonary adenomatosis. 
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Throughout this paper it would have been possible to make 
frequent reference to the characteristics of MCFV which are 
similar to or different from those of primate, rabbit and avian 
viruses which are now classed as Gammaherpesvirinae (Roizman et 
al., 1981), or lymphoproliferative herpesviruses (Epstein-Barr 
virus, H. saimiri, H. ateles, H. sylvilagus and Marek's disease 
virus in particular). Such comparisons have undoubtedly been 
invaluable. We have been taken to task by Hunt and Billups 
(1979) for our failure to recognise MCF for what it is, 
comparatively speaking. This may seem a little difficult to 
accept as "Africa~" MCFV was the first of the 
lymphoproliferative herpesviruses to be recognised (1960) and 
there is, unfortunately, no evidence that it induces neoplastic 
transformation of any cell in any species. The similarities of 
MCF to infectious mononucleosis were observed in 1953 
(Plowright, 1953a,b) and rabbits have been used as an 
"experimental model" for nearly 50 years. Furthermore, MCF is 
still a clinicopathological and not an aetiological entity; 
until an identity of causal agents is proven it is important to 
recognise the possibility of differences between the 
wildebeest-derived and sheep-associated diseases; Hunt and 
Billups (1979) unfortunately took for pathological examination 
tissues from animals which were well-documented, 
sheep-associated cases (Piercy, 1954) and attributed to them a 
herpesvirus aetiology. It is to be hoped that this paper will 
clarify some of the issues involved. 

INTRODUCTION 

Malignant catarrhal fever (MCF) is an acute, generalised 

disease of cattle and domesticated buffaloes, occasionally also 

of a wide range of captive and free-living ungulates (cattle, 

deer and antelopes) which is usually characterised by a low 

morbidity and extremely high case mortality rates (Plowright, 

1968; 1981). The clinical signs of MCF include sudden high 

fever, severe inflammatory and degenerative changes in the 

mucosae of the upper respiratory and intestinal tracts, 

ophthalmia with centripetal corneal opacity, generalised 

enlargement of lymphoid and haemolymph tissues, nervous 

manifestations of a meningoencephalomyelitis, including 
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muscular tremors and sometimes diarrhoea or dysentery, 

laminitis or dermatitis. The main pathological bases of these 

protean clinical manifestations are two-fold -- a widespread 

proliferation of lymphoid cells and an angiitis, affecting many 

arteries and veins. 

The disease has a world-wide but highly variable 

distribution, being most frequent where cattle are in prolonged 

close contact with sheep or, in Africa and in zoological 

gardens, with two species of wildebeest, viz. the blue or 

white-bearded form (Connochaetes taurinus) and. the black 

(Connochaetes gnu). It is well established, both experimentally 

and in natural outbreaks, that multiple cases of MCF in herds 

of cattle or deer are associated with close contact with 

particular flocks of normal sheep. However, the disease in its 

typical form has never been reproduced in cattle by the 

inoculation of sheep tissues or secretions, except when this 

species has been inoculated with wildebeest virus; similarly 

the inoculation of the tissues of sick cattle into sheep has 

seldom reproduced the carrier state or signs of disease but see 

Straver and van Bekkum, 1979; Kalunda, 1975. Plowright (1964) 

failed to infect E. African fat-tailed or merino sheep with 

103 . 1 to 103 . 3 TCD50 of cattle blood virus intravenously. Both 

the wildebeest-derived and sheep-associated forms are very 

seldom, if ever, transmitted from bovine to bovine; the latter 

are strict "end hosts". In spite of intensive efforts in a 

number of centres, particularly the USA (Colorado, Storz et 

al., 1976), Australia (Snowden, 1972; Westbury and Denholm, 

1982), New Zealand (Horner et al., 1975) and Britain (Selman et 

al., 1978; Buxton and Reid, 1980) it has not been possible to 

isolate the aetiological agent of the "sheep-associated" 

disease, although successful transmission to cattle and rabbits 

has frequently been reported, sometimes in series. 

In Africa, however, it has long been known that the 

wildebeest-derived infection is readily and consistently 

transmissible to cattle by parenteral inoculation (e.g. Mettam, 

1923; Daubney and Hudson, 1936) and, incidentally, to rabbits 

which invariably die with a characteristic clinicopathological 
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syndrome (Daubney and Hudson, 1936; Piercy, 1955). The causal 

agent was isolated from wildebeest in 1959 and identified as a 

herpesvirus, strictly cell-associated in vivo and in early 

passages in cell cultures (Plowright et al., 1960). This paper 

is primarily based on studies with this virus, although a 

recent breakthrough with the sheep-associated agent holds out 

promise of more rapid progress (Reid et ale - to be published). 

THE MAINTENANCE OF THE VIRUS OF MALIGNANT CATARRHAL· FEVER IN 

WILDEBEEST 

The regular recurrence of MCF in African cattle which 

graze over the same ground as wildebeest was the original 

stimulus for investigating these reservoir species, which do 

not apparently develop any signs of disease as a result of 

infection (Mettam, 1923; Daubney and Hudson, 1936; Plowright, 

1965a; Rossiter et al., 1982). using cattle inoculation of 

large quantities of blood or lymphoid tissues, collected from 

wildebeest, virus was recovered from animals of all ages but 

perhaps particularly frequently from the older (> 4 years) 

breeding females, three out of eight in the last month of 

pregnancy being positive (Plowright, 1965a). Furthermore, the 

virus infects a proportion of their offspring in utero; thus, 

it was isolated from a foetal spleen and from the blood of 3/7 

calves estimated to have been one week old or less (Plowright, 

1965a,b), as well as from the nasal secretions of a 4-day calf 

in captivity (Mushi and Rurangirwa, 1981b). Since the "eclipse" 

phase in an experimentqlly infected wildebeest calf was 8 days 

it is probable that these early recoveries were evidence of 

in utero infection. 

The behaviour of the virus in a group of captive 

wildebeest calves strongly suggested that, following its 

introduction by a congenitally infected animal it spread 

laterally to produce viraemia in all the 8 survivors between 

the 4th to 15th weeks of observation. In 3 animals it was shown 

by cultural isolation of MCFV from blood leucocytes that 

viraemia persisted for at least 3, 12 and 36 weeks (Plowright, 

1965b). In a free-living population in Tanganyika, however, the 
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prevalence of viraemia was high up to 3 months of age, when 31% 

of all calves were positive, but then declined to 7% for the 

second and third trimesters and 2% for the fourth. Between 13 

and 18 months only one isolation was made from 44 blood samples 

and no viraemia was demonstrated by the cell culture technique 

in 106 animals over the age of 18 months (Plowright, 1965a). 

Very few susceptible wildebeest calves have been infected 

experimentally but one inoculated at about 6 months of age 

developed a viraemia which was continuous from the beginning of 

the second to the 14th week after inoculation, being present in 

greatest quantity between days 12 and 60; subsequently, a 

minimal viraemia was detected only during the 31st week. There 

was no free infectivity in 6-7 ml of plasma at the time of the 

greatest viraemia (Plowright, 1965b). 

Hence, it was concluded that wildebeest became 

infected in utero or by lateral spread up to the 4th or 5th 

months of life. At first they circulated virus continuously but 

later they were intermittently viraemic to 13-14 months of age; 

all the infectivity was associated with circulating leucocytes. 

In spite of the decreasing prevalence of viraemia it is 

certain, however, that some wildebeest retain the virus into 

adult life and viraemia may be particularly frequent in females 

in late pregnancy. It is possible that vertical transfer takes 

place during periods of low level, intermittent viraemia at 

this time. 

Neutralising antibody is present in all or in the great 

majority of adult wildebeest (Plowright, 1967; Rossiter et al., 

1983). There were indications in an earlier survey in the 

Serengeti area that free-living calves normally acquired high 

titre (mean VN50 101 . 94 ) antibody through the colostrum of the 

dam (see also Mushi and Rurangirwa, 1981b) and that this 

declined progressively during the first 4 months of life, at a 

time when active infection with the virus was spreading rapidly 

through the population. Thereafter the mean titre increased to 

18 months (102 . 29 ) and then declined in animals 2 years of age 

or greater (c. 101 . 7 ). A later survey (Rossiter et al., 1983) 

showed that this secondary decline in neutralising antibody may 



283 

have begun earlier in S. Kenya. It also established that 

antibodies detectable by indirect immunofluorescence (IIF) in 

infected monolayer cultures with "early" antigens (Rossiter et 

al., 1978), as also those reacting in complement fixation (CF) 

and immunoprecipitation (IP) tests (Rossiter and Jessett, 1980; 

Rossiter, 1980a,b) were significantly more frequent in calves 

up to 4 months old than in older animals. In contrast, IIF 

antibodies to late antigens did not change significantly with 

age but low-titre IgM antibodies reacting with "late" antigens 

in indirect immunoperoxidase (lIP) tests (Rossiter, 1981a) were 

found only in a small (3/32) proportion of calves. 

THE OCCURRENCE OF HERPESVIRUSES RESEMBLING THAT OF MALIGNANT 

CATARRHAL FEVER IN OTHER WILD BOVIDAE 

The techniques adopted for isolation of MCFV from 

wildebeest, viz. inoculation of viable tissue suspensions or 

leucocytes into permissive cell cultures (or cattle) and the 

in vitro cultivation of tissues to produce monolayers, were 

also adopted for the attempted recovery of viruses from related 

East African species such as Coke's hartebeest 

(Alcelaphus buselaphus cokei), topi (Damaliscus korrigum) and 

fringe-eared oryx (Oryx beisa callotis). All of these antelopes 

belong to the Subfamilies Alcelaphinae and Hippotraginae of the 

Family Bovidae (Gentry, 1974), and comprise the only species 

which had a significant prevalence of MCFV-neutralising anti­

body in their sera (Reid et al., 1975). 

A herpesvirus (K30) closely related serologically and 

immunologically to wildebeest-derived MCFV, was isolated from 

an adult Coke's hartebeest by cultivation in vitro of 

trypsinised thyroid tissue (Reid and Rowe, 1973); this virus 

produced typical MCF in cattle. However, three further isolates 

from hartebeest, showed only a low level of cross-reactivity 

with wildebeest isolates in neutralisation tests (Reid and 

Rowe, 1973) and produced delayed, atypical forms of MCF in 

inoculated cattle (Reid, 1974 and unpublished) . 

More recently, herpesviruses were isolated in kidney and 

thyroid monolayers prepared from 4/18 topi calves which were 
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less than 6-months old (Mushi et al., 1981c). The isolates were 

characterised by their ability to grow in topi cells only, 

particularly monolayers of embryonic lung and kidney; they 

cross reacted in immunofluorescence tests with antisera to 

wildebeest isolates. On inoculation into cattle or rabbits they 

did not apparently infect or protect against challenge with 

MCFV. 

Whilst no herpesviruses could be isolated from nasal swabs 

and leucocytes collected from them, neutralising antibody to 

the WCll strain of MCFV was found recently to be present in 

50/50 sera from oryx of all ages in two "tamed" herds in Kenya. 

The titre of antibody declined between birth and 6 to 8 months, 

rising rapidly to 9 months; infection appeared to have been 

introduced to the herds at some time between 1977 and 1979, 

probably by wild oryx (Mushi and Karstad, 1981). 

THE EXCRETION OF MCFV BY WILDEBEEST AND ITS TRANSMISSION TO 

CATTLE 

In the masailands of E. Africa the seasonal occurrence of 

MCF in cattle, i.e. predominantly March and April in N. 

Tanganyika and April to July in S. Kenya, has long been 

associated with the wildebeest calving season, i.e. January to 

March in Tanzania and February to April in Kenya. Hence, the 

disease is commonest in cattle when the wildebeest calves are 

2-3 months old. In this context we can probably now dismiss the 

folklore which maintains that it is wildebeest placenta or the 

shed haircoat of the 3-4 months old wildebeest calves which are 

the source of contagion. By housing suceptible bovine with 

viraemic wildebeest calves, Plowright (1965b) showed that MCFV 

was naturally transmissible between the species, the incubation 

period in cattle being, at maximum, 30-47 days in 4/5 cases, 

the remaining animal developing clinical disease after 81 days. 

After 3 months, as we have seen, the frequency of viraemia 

declines rapidly and thenceforward wildebeest-to-cattle trans­

mission is very rare, if it occurs at all. 

The probable method of interspecies transmission has been 

elucidated recently in E. Africa. Rweyemamu et al. (1974) 
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isoleted MCFV from the nasal secretions of 6/23 recently 

captured blue wildebeest, which were stressed at the time by 

confinement, abrupt changes in food and sometimes by 

betamethasone; 2 of 3 calves and 4/19 adult females were 

positive. Isolates were also obtained, at death, from the 

tonsil and thyroid tissue of pregnant females. Surprisingly, 

only one of 168 blood samples from 66 animals yielded MCFV. 

Nasal secretions from a 2-weeks old calf were positive at 

capture and this animal was later found to excrete MCFV in a 

form not deposited by low-speed centrifugation. Incidentally, 

betamethasone treatment (40 mg daily for 7 days) of 8 

seropositive wildebeest cows was followed, 7-9 days after first 

inoculation, by pustular vulvovaginitis, from which lesions in 

7/8 animals IBR/IPV virus was isolated (Karstad et al., 1973); 

only one cow yielded MCFV in nasal secretions, 13 days after 

treatment began. 

MCFV does not appear to be shed in the urine (Plowright, 

1965b; Mushi, 1980a) or saliva (Mushiet al., 1980a) of viraemic 

wildebeest calves. It is, however, excreted in nasal and ocular 

secretions of free-living animals up to 3 months old, 

particularly by those in the 6-8 weeks age group. The 

infectivity is both cell-free and sufficiently stable in a 

moist environment to make it probable that transmission between 

young, susceptible wildebeest and from wildebeest to cattle is 

mediated by these materials; about 90% of cell-free 

preparations of virus, on filter paper at 22 oC, survived at 

least 30 days at 100% RH. The mean titre of ocular and nasal 

secretions was 102 . 25 and 102 . 5 TCD50/ml respectively, with a 

maximum exceeding 103 . 2 TCD 50/ml. The source of the excreted 

virus was probably the mucosa covering the turbinate bones 

(2/12 calves positive) and the cornea (1/3 animals positive). 

Although 6/12 calves were excretors only 2 of them were shown 

to be simultaneously viraemic, whilst suspensions of spleen, 

tonsil, mandibular lymph node, lung, lacrimal and salivary 

gland tissue were all negative on inoculation into permissive 

cell cultures (Mushi et al., 1980a,b). 

All the calves in the above study had neutralising 
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antibody in their serum at 3 months and thereafter IgA antibody 

was also present in the nasal secretions. The nasal secretions 

of calves >3m old had a mean neutralising titre of 101 . 9 (Mushi 

and Rurangirwa, 1981b; Rurangirwa et al., 1981; Mushi et al., 

1981a,b). This antibody presumably accounted for the cessation 

of recoveries of infectious virus and hence the inability of 

the older animals to transmit the infection to cattle. Rossiter 

(1980b) reported that he had found IIF antibody (L) in the 

ocular and nasal secretions of 7/15 wildebeest calves. Explant 

cultures of turbinate mucosa and cornea from free-living 

wildebeest calves yielded MCFV from 2 or 3 of every 5 animals 

examined at monthly intervals up to and including 4 months of 

age (Mushi et al., 1981b). It was suggested that the corneal 

epithelium constituted an immunologically privileged site for 

virus replication, from which progeny virus passed down the 

nasolacrimal duct to the nasal cavity (Mushi and Rurangirwa, 

1981b) . 

So far as the natural route of virus entry to the body is 

concerned, it is clear that cell-free virulent MCFV, or 

incidentally infected cell suspensions, can infect cattle by 

the intranasal, aerosol or endotracheal routes (Plowright, 

1968; Kalunda et al., 1981) and these methods of administration 

are also successful in rabbits (Mushi and Rurangirwa, 1981a). 

Virus excreted by wildebeest is therefore presumed to be 

acquired by cattle through the respiratory tract. 

It was shown by Kalunda et al. (1981) that 32/53 (60%) 

nasal swabs, taken in early clinical stages of the disease in 

cattle, contained MCF infectivity demonstrable by inoculation 

of cell cultures and with a mean titre of 101 . 5 TCD 50/ml. Such 

materials were also infectious by inoculation of cattle. Saliva 

(8/10 samples) from sick animals also yielded MCFV but ocular, 

vulval and rectal swabs were negative, as also were urinary 

deposits. Nevertheless, Kalunda et al. (1981) confirmed the 

many previous observations on failure of the wildebeest-derived 

disease to spread by close contact amongst cattle even on 

prolonged exposure (see Plowright, 1981); an apparent exception 

to this was recorded by Daubney and Hudson, 1936. The failure 
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to spread amongst cattle by "natural" routes is presumably due 

to the absence of, or inadequate amounts of, stable cell-free 

infectivity in the excretions of sick cattle. There was no 

infectivity in large volumes (10-25 ml) of low-speed super­

natants from lymph node suspensions or cell-free plasma (60-100 

ml) from cattle with the acute disease, even though these were 

inoculated with "adapted" virus of up to 20 bovine passages 

(Plowright, 1964). It seems reasonable to suppose that the 

infectivity in cattle secretions represents infected 

lymphocytes (vide infra), which are still viable but die 

rapidly in the environment and become non-infectious. 

A somewhat unexpected route of transmission in cattle was 

observed at the laboratory, where efforts to demonstrate 

congenital transmission during acute infections and in 

convalescent or recovered animals had hitherto failed. A cow 

(no. 8946) was experimentally infected and developed a viraemia 

which was demonstrable continuously between 9 and 16 days after 

inoculation and intermittently to the 15th week. This animal 

developed no clinical signs of MCF but resisted challenge at 13 

weeks without developing viraemia and was added to a milking 

herd. She produced 6 calves over the period to 80 months after 

first inoculation and at least 4 of these were infected with 

MCFi only one was clinically affected at birth and another, the 

sixth, did not develop viraemia until the 37th day of life, 

with clinical signs delayed to day 120. The cow was never 

viraemic at the time of calving and MCFV was not recovered from 

tissue suspensions collected when she was killed at 84 months 

after infection (Plowright et al., 1972). 

This incident was remarkable in proving persistent and 

repeated transplacental MCFV infection in cattle, which lasted 

until the end of the 6th year following clinically inapparent 

infection. It illustrated the dangers of drawing rapid 

conclusions about the safety of "attenuated" viruses or 

inapparent infections in animals protected from clinical 

disease by inactivated vaccines. 
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THE DEVELOPMENT OF MCF IN CATTLE AND RABBITS 

A. The Viraemia 

The mean incubation period of "African" MCF in cattle is 

prolonged, even following parenteral administration of 103 1050 
to E. African grade cattle (19.5 ± SO of 3.7 days; range 11-34 

days, n = 311; Plowright, 1964, 1968). Kalunda et al. (1981) 

have confirmed this for N. American cattle (22.3 ± SO of 6.6 

days, range 14-46 days, n = 47) but, after giving 0.25 - 1.0 

litres of blood, in Holland, an average of 10.6 days (range 

7-16) was seen by Straver and van Bekkum (1979). There is a 

small minority of animals in which clinical signs are delayed 

even further, to about 9 or 10 weeks after inoculation. In 

rabbits the incubation period was about 13 + 3 days, range 9-24 

days in Kenya (Plowright, 1964), or about 16 days in Britain 

(Wilks and Rossiter, 1978; Rossiter et al., 1977), 14 days in 

Holland (Straver and van Bekkum, 1979) and 17 days in the USA 

(Kalunda, 1975). The variations probably reflect modifications 

in the material and route of passage, associated with 

differences in dose of infectious virus. The end of the 

incubation period is commonly regarded as the onset of pyrexia 

but occasionally animals develop indefinite clinical signs, 

such as enlargement of lymph nodes or ocular and nasal 

congestion and dicharges, 1 to 4 days prior to the onset of 

pyrexia (Daubney and Hudson, 1936; Plowright, 1964). 

In cattle a viraemia, detectable by inoculation of buffy 

coat cells into permissive cell cultures (bovine thyroid 

monolayers), was detected 9 to 17 days after intravenous 

inoculation of infected blood, on average 7 days (range 3-15 

days) before the onset of pyrexia (Plowright, 1968). Delays of 

up to 10 days and 2-7 days respectively, between the onset of 

viraemia and clinical signs, have been recorded by Rweyemamu et 

al. (1976) and Kalunda et al. (1981). 

The viraemia increases in titre during the late incubation 

period and has commonly reached near-peak levels (>102 . 0 

TCD 50 /ml) by the time of first pyrexia, though in some animals 

this occurs 3-4 days previously; there were indications that 

highest individual and mean levels (10 2 . 6 TCD 50 /ml may occur 
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about the 3rd to 7th days of fever. There is no terminal 

decline in fatal cases but, in the majority of the very few 

survivors, viraemia has declined but remained consistently 

demonstrable in cell cultures up to 50 days after onset. By 

subinbculation of blood (5 ml) into cattle persistence could be 

shown for 3-6 months (Plowright, 1964). According to Kalunda et 

al. (1981) the titre of circulating infectivity in recovered 

cattle declined and became undetectable in 45 ml samples of 

blood "2-3 weeks after the disappearance of the clinical 

syndrome"; this requires confirmation using a more sensitive 

detection system. 

Little information is available for cattle on the tissues 

which are primary sites of replication and which eventually 

seed infected cells into the blood. Early experiments showed 

that the viraemia was largely associated with "mononuclear" 

cell fractions devoid of neutrophils and eosinophils, whilst 

erythrocyte and platelet-rich fractions were virus free 

(Plowright, 1964). As the lymph nodes, thymus and, to a less 

extent, the spleen and bone marrow, often contain more 

infectivity (per gramme) than blood, with lymph nodes sometimes 

attaining titres of >105 TCD 50/g, and because the lymphocyte 

has now been shown to be the only cell expressing viral 

antigens in vivo, it is probable that the tissues named are the 

source of infected circulating leucocytes. 

B. The sites of virus replication 

It is generally aqcepted that no cytological or 

electron-micrographical evidence of a herpesvirus infection can 

be found in the tissues of either cattle or rabbits reacting to 

infection with wildebeest-derived strains of MCFV (Plowright et 

al., 1960; Plowright, 1968; Rossiter et al., 1977; Edington et 

al., 1979; Kalunda et al., 1981). More recently attempts to 

demonstrate viral antigens, by immunofluorescence, in a wide 

range of tissues, particularly in those such as lymph nodes, 

spleen and bone marrow, which were harvested at intervals 

following infection, were completely unsuccessful (Rossiter et 

al., 1977; Edington et al., 1979). Straver and van Bekkum 

(1979) similarly failed to detect viral antigens in the tissues 



290 

of 15 affected steers and 13 rabbits, or in calves incubating 

the disease (3 and 7 days after infection). However, Rossiter 

(1980a) found a very few isolated cells with cytoplasmic and 

nuclear fluorescence in lymph node, spleen and thymic tissue 

from 3 of 6 rabbits and both of two calves reacting to MCFV 

infection; a focus of fluorescent cells was also seen in the 

lamina propria of the caecal tonsil of one rabbit killed 3 days 

after infection but not in other animals killed at earlier or 

later times. The same author (Rossiter, 1980a) observed that 

rabbits given repeated inoculations of 

glutaraldehyde-inactivated suspensions of infected rabbit lymph 

nodes, with Freund's complete adjuvant, failed to develop any 

antibody detectable in IIF tests; he therefore concluded that 

any MCFV antigens in reacting rabbits are present in very low 

concentration. 

The site of primary replication of MCFV in rabbits was 

investigated in a preliminary manner by sub inoculation into 

rabbits of pooled lymphoid tissue suspensions and macrophages, 

collected at short intervals after intraperitoneal infection. 

Infectivity was present at 2 and 4, but not at 6 and 8 days 

after inoculation (Edington et al., 1979). Following 

intravenous inoculation of infected lymph node cells virus was 

recovered from the spleen of 2/3 rabbits at 4 days but not at 

days 2 and 6; both spleen and peripheral lymph nodes were all 

infectious at day 8 and subsequently. Indirect 

immunofluorescence showed small numbers of antigen-bearing 

mononuclear cells, 10-12~ in diameter in the spleen, lymph 

nodes and thymus at 4 days, and in the spleen of all animals at 

6 days; it was concluded that the spleen played a dominant role 

in early virus replication in the rabbit (Edington and Patel, 

1981). The fluorescing cells were located primarily in the red 

pulp of the spleen, in the paracortical areas of lymph nodes 

and in both cortex and medulla of the thymus (Patel and 

Edington, 1980; Edington and Patel, 1981). These locations, 

with the exception of the thymus, were also those in which 

lymphoblastic infiltration first occurred, accompanied by focal 

lymphocyte necrosis. They suggested a primary and predominant 
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involvement of T cells (Edingtonet al., 1979). 

By preparing smears of freshly dispersed cells of lymph 

node, spleen and thymus tissue, harvested from rabbits with 

pyrexia, it was found by indirect immunofluorescence that only 

1 to 4 cells in 106 were antigen-bearing at explantation; 

however, if surviving cell suspensions were maintained 

in vitro, in RPMI 1640 medium with 20% foetal bovine serum, 

then the numbers of positive cells increased 50-1000 fold after 

48-72 hours. This process was inhibited (>99%) by either 

cytosine arabinoside lara-C) or by iododeoxyuridine (IUDR), 

which did not permit even the production of "early" antigens 

(c.f. Rossiter et al., 1978). Bone marrow preparations usually 

contained no fluorescing cells. Suspensions from lymph nodes 

explanted from rabbits on the second or third days of pyrexia 

contained. 40-100 fold more antigen-expressing cells than those 

harvested on the first day of fever. The fluorescence was both 

cytoplasmic and intranuclear, the former diffuse, the latter 

sometimes particulate. A membrane antigen was later 

demonstrable by an F{ab)2 antivirus preparation in viable 

explanted lymphocytes; the reaction was not due to heterophil 

antibodies. Infectivity was entirely associated with intact 

cells, the titre being directly comparable to the number of 

fluorescing cells, from the time of explantation up to 48 hours 

later; thereafter, cell death caused an increasing divergence 

of the f-igures, with more cells positive by fluorescence than 

infectivity. Herpes-like virions in small numbers were seen in 

the nucleus and cytoplasm of 0.1 to 0.3% of cultured cells; 

some virions were "empty", others possessed a core, but few 

were enveloped (Patel and Edington, 1980). 

The cells with virus antigens or virions were thought to 

be "medium-sized lymphocytes", with a diameter of 11 + 0.6 !.Lm, 

whilst the lymphoblastoid cells which are so prominent in the 

lymphoreticular tissues (Edington et al., 1979) were not 

virus-positive. The latter were 10-14 !.Lm in diameter with a 

large vesicular nucleus, an often reticulated nucleolus and 

high cytoplasm/nucleus ratio; they possessed a sparse 

endoplasmic reticulum and but few mitochondria. The lymphocytes 
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had a low cytoplasm/nucleus ratio but their B or T lineage has 

not been ascertained. 

When cell suspensions from infected bovine tissues (lymph 

nodes, spleen, thymus) were examined, the results ~ere, broadly 

speaking, the same as for rabbits, except that infectivity at 

the time of explantation (mean 1100 infectious centres per 106 

cells) was much higher relative to the rate of specific 

fluorescence «2 in 106 cells). The proportion of cells 

expressing antigen rose, usually by 24 hours, to 300-3000/106 

but infectivity hardly changed (Patel and Edington, 1981). The 

cells supporting virus replication, as in the rabbit, were 

differentiated medium lymphocytes, 11-13 ~m in diameter. It was 

suggested that the difference between the species might be 

explained by the lytic effect of bovine complement on any 

infected lymphocytes which express viral antigens on their cell 

surface. This activity was not seen with rabbit complement and 

the inference was that all, or a large proportion of, infected 

cells in bovine cultures were latently infected at explant 

(Patel and Edington, 1982a). 

All attempts to establish transformed lines of rabbit 

lymphoblasts from infected tissues have so far failed (Edington 

et al., 1979; Rossiter, 1980a; Plowright - unpublished). It is 

possible that glass or plastic-adherent cells, either 

peritoneal or peripheral blood macrophages can also support 

virus replication in the rabbit, since infectivity was 

continuously present in them from the third day after 

intravenous inoculation (Mushi and Rurangirwa, 1981a). 

Infectivity of low titre was also demonstrable in 

plastic-adherent cells, fractionated from bovine lymph node 

suspensions (Plowright - unpublished). In all these 

experiments, however, there was a possibility that the virus 

was simply ingested rather than replicating in the macrophages. 

IMMUNITY TO WILDEBEEST-DERIVED MCFV 

A. Resistance to challenge with virulent virus 

The very few cattle which survive inoculation with 

virulent MCFV are probably immune for life, whether they suffer 
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from a clinically severe, mild or inapparent infection; all 

wildebeest strains are immunologically homogenous. Thus, 

Plowright (1964, 1968) found that 15/16 cattle which were 

infected with one isolate (WI) resisted a first challenge at 

2-12 months with the same or S different isolates; the 

exception was an animal viraemic at the time of challenge and, 

therefore, possibly a delayed reactor. Four of these animals 

were challenged 7-8 times over a period of 4 years and then 

later at various times up to 8 years after initial infection 

but failed to react. Of 9 cattle recovered from infection with 

S further isolates, 8 survived challenge, the other animal 

having suffered from concurrent infection with the protozoan 

parasite, Anaplasma marginale, which was found to increase 

survival rate significantly (16.3% v. 3.4% in one series) 

(Plowright, 1964). No rabbit has ever been recorded as 

surviving the disease due to MCFV. 

·B. The Development of antibodies in cattle and rabbits 

Resistance to challenge inoculation is accompanied by the 

presence of neutral ising antibody in the serum; the VNso titre 

does not usually exceed 100 • 8 (1:6) in long-term survivors, but 

rises to 101 • 8 after challenge. It is, however, unlikely that 

the neutralising antibody is directly associated with 

resistance. Thus, it was found that moderate to high levels of 

neutralising antibody were induced by formalin-inactivated 

virus, with Freund's incomplete adjuvant, but the "vaccinated" 

cattle all reacted to parenteral challenge, even using 

cell-free virulent virus, propagated in cell cultures as an 

inoculum. These animals usually exhibited a .rapid serological 

response, beginning 2-4 weeks after inoculation and before 

clinical re~ctions were observed; titres reached very high 

levels _102 •0 to >103 • 4 (Plowright et al., 1975). Culture virus 

concentrated and inactivated with formalin or AEI and combined 

with Freund's complete adjuvant for administration to rabbits 

induced high-titre neutralising antibody which was not affected 

by challenge with cell-free virulent virus; these animals 

nevertheless succumbed to challenge with infected lymph node 
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cell suspensions after showing 4-fold increases in 

neutralising antibody (Edington and Plowright, 1980). An 

accelerated or "anamnestic" response was recorded in cattle 

challenged after being given "attenuated" live hartebeest virus 

by Reid and Rowe (1973); there was apparently some protection 

against cell-associated homologous virus but not against 

virulent wildebeest virus. 

The lack of protection afforded by neutralising antibody 

is also manifested by the rapid dissemination of virus through 

free living populations of wildebeest calves, which nevertheless 

usually possess high levels of passive antibody (Plowright, 

1967; Rossiter et al., 1983). Furthermore, the appearance of 

disease in rabbits was not influenced by the circulation of 

neutralising antibody, usually on the day preceding pyrexia and 

increasing during the course of the disease (Rossiter et al., 

1977). In cattle, however, neutralising antibody develops later 

in survivor cattle (Plowright, 1968) but it has been detected 

recently in 6/13 natural, acute cases (Rossiter et al., 1980). 

Apart from tests for neutralising antibody, which was the 

first to be investigated, a battery of other tests has been 

used recently to study immune reactions in cattle and rabbits. 

Antibodies reacting in IIF tests, using productively infected 

cultured cells as antigen, appeared in both species 5-7 days 

before the onset of pyrexia and increased continuously to 

death; sometimes antibody was detectable as early as 4-6 days 

after intraperitoneal infection in rabbits (Rossiter et al., 

1977). The use in IIF tests of monolayers treated with Ara-C to 

produce only "early" antigens, showed that there were two of 

the latter, one diffuse and found throughout the cell (DEA) , 

the other being particulate and intranuclear (PEA). Antibody to 

the former was found only in hyperimmunised animals, whilst 

activity against the PEA appeared in calves 2-3 days after that 

against "late" antigens and its titre was 4-8 fold lower; 

reacting rabbits produced very little antibody to PEA (Rossiter 

et al., 1978). Hence a response to early antigens in the 

abnormal host (cattle) appears to be induced only by active 

infection and to be transitory, as in the natural host 
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(wildebeest - Rossiter et al., 1982). 

Rossiter (1981a) compared the IIF and lIP 

(immunoperoxidase) techniques for assay of antibodies in 

experimentally and naturally infected cattle. All of 23 of the 

latter were positive by the lIP method, whereas there were 4 

failures with IIF. The sensitivity of the lIP technique was 

approximately 8 times greater than that of IIF. All of 5 

rabbits inoculated intra-peritoneally developed lIP antibodies 

2-6 days before the onset of pyrexia; both IgG and IgM appeared 

early but the former increased at least 4 times and the IgM 

titre <2 fold in the course of the disease. Hence IgG 

predominated during the late disease (Rossiter, 1982). 

Rossiter and Jessett (1980) developed a CF test, using a 

PEG-concentrated sonicate of infected cultured cells as 

antigen; CF antibodies developed in the course of infection in 

cattle and rabbits but required, as in wildebeest, the presence 

of normal calf serum (NCS) as a supplement; the time 

relationships were about the same as for IIF antibody. Hamdy et 

al. (1980) found CF antibodies by a complement-dilution method 

3 weeks after inoculation of 32/44 cattle with a wildebeest 

isolate and, by inference, up to 1 week before clinical signs. 

ID tests detected precipitating antibodies in 3/9 reacting 

rabbits but not in 14 experimental cattle; the CIEP technique 

gave many non-specific positive reactions with bovine sera 

(Rossiter, 1980b). 

C. Cell-mediated immunity in MCF 

As there was no correlation between the production of 

neutralising antibody and resistance to challenge attempts have 

been made to define the probably more important function of 

cell-mediated reactions. It was found in early experiments 

(Wilks and Rossiter, 1978) that transformation of whole-blood 

leucocytes by non-specific B or T-cell mitogens (antiglobulin 

and PHA) fell very quickly in rabbits from the end of the 

incubation period to death; there was no specific sensitisation 

to viral antigens in this system, and sensitisation to 

tuberculin (PPD) was suppressed. Purified lymphocyte fractions, 
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which had been washed repeatedly, were however transformed both 

by mitogens and viral antigens and the anomaly was attributed 

to a suppressive factor present in the serum of reacting 

animals, possibly an antigen-antibody complex. 

The significance of the above-mentioned data was 

questioned by Russell (1980) who found that only a proportion 

of reacting rabbits and no diseased calf showed reduced 

responses to PHA; in fact, using whole blood cultures, 

responses may have been enhanced in cattle and unstimulated 

blood and lymph node cultures from many reacting rabbits 

incorporated significantly more label than normals. Some sera 

from reacting rabbits did, however, have a suppressive effect, 

on some normal lymphocytes, whereas bovine sera did not. 

Few observations have been recorded on delayed 

hypersensitivity to antigens of MCFV but Rossiter (1980a) 

reported a strong dermal reaction in rabbits given viral 

antigens in one experiment. 

THE PATHOGENESIS OF THE PRINCIPAL LESIONS OF MCF IN CATTLE AND 

RABBITS 

There are many features of the pathology of MCF which 

remain to be elucidated. They are discussed below: -

(A) The primary site of virus penetration 

As already noted, no cytolytic cycle of infection has been 

demonstrated in any tissue of any host species, whether natural 

(wildebeest) or unusual (cattle and rabbits). If, as seems 

possible, the natural method of infection is by cell-free virus 

in the upper respiratory tract, then primary lesions in 

epithelia with productive infection would be expected but may 

be very difficult to locate, as in EB virus infection of man. 

The early appearance of antibodies, particularly IIF and lIP, 

is also evidence of such an early productive cycle. 

(B) The necrosis of lymphocytes 

Lymphocytes, which are known to be infected in vivo, 

undergo necrosis in the follicles of the lymph nodes of rabbits 
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as eariy as 2-4 days after infection; there is concurrent 

congestion and haemorrhage but again no cytological or 

electronmicroscopical evidence of a herpesvirus infection. With 

the onset of the clinical reaction there is an extensive 

secondary episode of necrosis of lymphocytes in the 

paracortical areas of lymph nodes and cortex of the thymus 

(Edington et al., 1979). A more extensive follicular necrosis 

with macrophage reaction in lymph nodes has also been reported 

in African MCF (Plowright, 1953b) and with the SA form (Liggitt 

et al., 1978). The cause of this necrosis of lymphocytes has 

not been established. 

(C) The lymphoblastoid cells 

Infiltrations of lymphoblastoid cells, which are not 

virus-infected and which continue to show mitoses in the areas 

invaded, appear not only in the lymphoid tissue but also in 

parenchymatous organs and subepithelial situations, where they 

are associated with superficial degenerative and sometimes 

necrotic lesions. In the rabbit these cells flood into the 

circulation in the terminal phases of the disease, where they 

often produce an absolute lymphocytosis, reaching 50,000 cu mm 

and resembling that of infectious mononucleosis of man. A 

relative but not an absolute lymphocytosis occurs in cattle 

(Plowright, 1953a, 1964). 

Rossiter (1980a) partially characterised the "large 

mononuclear" cells in the lymphoid tissues of reacting rabbits. 

He found that they were non-phagocytic, did not adhere to 

plastic and probably incorporated more 3H-thymidine in culture 

than did cells from normal animals. Many of the large atypical 

cells had "null" characteristics, i.e. they showed neither 

rosetting with sheep erythrocytes or surface immunoglobulin. A 

majority of those atypical cells which could be classified were 

found to be of T lineage (6:1 in blood and lymph nodes, 3:1 in 

spleen) . 

(D) The vascular lesions 

Perhaps the most contentious issue is the origin of the 



298 

vascular lesions which are virtually pathognomonic for this 

infection. They are characterised by fibrinoid degeneration and 

necrosis of the medial elements of blood vessel walls, 

especially medium-sized arteries. Perivascular and intramural 

infiltration of lymphocytes, lymphoblastoid cells and 

macrophages is often accompanied by degeneration and oedema of 

collagen fibres and by endothelial swelling, proliferation and 

detachment. Thrombosis occurs but is relatively rare. It has 

been suggested that these lesions, with others, occur at the 

end of a long incubation period and prepatent viraemia, because 

the host has become "hypersensitive to viral or viral-induced 

antigens" (Plowright, 1968). Later workers hypothesised that 

the disease was associated with an immune-complex formation 

involving "membrane" antigens and antibodies to them (Rweyemamu 

et al., 1976). Selman et al. (1974) noted similarities of the 

lesions of the sheep-associated disease to a type III or IV 

immune reaction (Gell and Coombes, 1968). Liggitt et al. 

(1978), working with sheep-associated cases, proposed an 

auto-allergic response as the basis of the vascular lesions, 

whilst Liggitt and DeMartini (1980a,b) noted resemblances to 

graft rejection and contact sensitivity. 

Attempts to prove that the vascular lesions in cattle or 

rabbits do contain immune complexes, have met with irregular 

success. Thus, Rossiter (1980b) and Mushi and Rurangirwa 

(1981c) found no IgG or C' in blood vessel walls and glomeruli; 

the latter authors recorded a fall in serum C3 levels from the 

onset of viraemia in cattle, increasing in rapidity later, but 

CH 50 levels were unchanged. There were incidentally no 

significant changes in total serum IgG1 , IgG2 and IgM, whereas 

large increases might have been expected if the lesions were 

really of immune complex type. Liggitt and DeMartini (1980a,b) 

similarly failed to demonstrate complexes in sheep-associated 

cases. Patel and Edington (1982b) described immune complexes 

with immunoglobulin, C3 and conglutinin (Cg) in the glomeruli, 

occasionally in the arteries, of cattle with the terminal 

disease; there was also a depletion of circulating lytic 

complement and conglutinin. No viral antigens were stained in 
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the deposits by the IIF technique and no specific activity 

could be demonstrated in eluates from kidney tissue. Patel and 

Edington (198b2) suggested that extensive binding of Cg may 

have masked the C3 deposits sought by other workers. 

THE POSSIBLE RELATIONSHIP OF WILDEBEEST-DERIVED MCF TO THE 

SHEEP-ASSOCIATED DISEASE 

Apart from one American report which will need 

verification (Hamdy et al., 1978) there has been no recent 

claim to have identified the agent, derived probably from 

sheep, which commonly causes MCF outside Africa. This paper 

described a virus which was isolated from a bovine case in an 

outbreak in Minnesota and from an inoculated steer. The virus 

was related immunologically to wildebeest strains and, whilst 

it became attenuated very rapidly for cattle, still protected 

if inoculated repeatedly against challenge with "African" 

virus. It is surprising that no attempt was made to detect 

antibodies to the "new" virus in the sheep which were regarded 

as its possible source, or to explain convincingly the very 

rapid attenuation, which has never been observed elsewhere with 

wildebeest isolates. 

A recent finding more suggestive of a close relationship 

between the wildebeest-derived virus and the sheep-associated 

form of MCF was that of Rossiter (1981b). He detected IIF(L) 

antibodies to the "African" virus in the sera of 162/167 sheep, 

derived from 10 flocks in Britain, Austria, Australia and 

Kenya. The titre distribution resembled that in wildebeest; 

some high-titred sera also had antibody to the particulate 

early (PEA) antigen. The highest mean titre was encountered in 

a flock of Australian sheep known to have given rise to the 

disease in cattle (Snowden, 1972). Antibody was also detected 

in some colostrum-deprived and gnotobiotic lambs, thus 

suggesting that in utero transmission of the virus may have 

occurred. The antibody was absorbed selectively from sera by 

cells infected with wildebeest virus and blocked by rabbit 

antiserum to HCFV, not by normal rabbit serum. 

A most interesting recent development is the establishment 
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by Reid and coworkers (1982) of a line of rabbit lymphocytes 

from an animal infected with an agent derived from 

sheep-associated MCF in deer (Buxton and Reid, 1980; Reid et 

al., 1979). These cells required a feeder layer and possessed T 

lymphocyte surface markers but no immunoglobulin; they 

possessed large, dense intracytoplasmic granules and 

non-specific esterase; they were also cytotoxic to cell lines 

and primary cell cultures. As few as 100 of the cells 

reproduced MCF in rabbits, an activity which was destroyed by 

anti-T cell serum and complement, and it was suggested that 

they were large granular lymphocytes or "NK" cells, exhibiting 

functional disturbances caused by infection with the MCF agent 

and comparable to similar lines from marmosets infected with 

Herpesvirus saimiri and H. atelcs (Johnson and Jondal, 1981). 

In conclusion, whilst there is yet no direct evidence that 

sheep-associated MCF is caused by a herpesvirus, there is 

strong serological evidence that a herpesvirus related to the 

wildebeest-derived isolates is extremely widespread in sheep 

and, incidentally, this agent is not apparently the virus 

isolated by Mackay and colleagues (Martin et al., 1979) from 

cases of pulmonary adenomatosis (jaagsiekte). It is also now 

undisputed that the clinico-pathological manifestations of MCF 

are indistinguishable, whether caused by viruses from 

wildebeest or, putatively, sheep and occasionally other 

reservoir hosts. The behaviour of the sheep agent differs in 

that no permissive cell culture has yet been found for it, in 

spite of intense efforts. However the recent establishment of 

an infected rabbit cell line, by Reid et al. (1982), not only 

offers a better hope of identifying the causal agent but also 

of explaining a pathogenesis unique for a naturally occurring 

acute disease caused by a lymphoproliferative herpesvirus. 
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The Pirbright pony herd is a closed herd and has no 
contact with other horses. Nasopharyngeal swabs and blood 
samples are collected at frequent intervals. Equine 
herpesvirus 1 was isolated from several animals following 
stress situations, and serological evidence of periodic EHV-1 
and EHV-3 activity was obtained from many animals. Attempts 
to demonstrate virus reactivation following corticosteroid 
treatment or the presence of latent virus in trigeminal 
ganglia were unsuccessful. 

INTRODUCTION 

Three herpesviruses are known to infect horses: equid 

herpesvirus 1 (EHV-1) which is associated with 

rhinopneumonitis and abortion (Doll and Bryans, 1963) and, 

occasionally, paresis (Saxegard, 1966); equid herpesvirus 2 

(EHV-2) which mayor may not be associated with disease; and 

equid herpesvirus 3 (EHV-3), the cause of coital exanthema 

(Girard et al., 1968), a venereal disease characterised by 

herpetic lesions on the external genitalia. Persistent 

infections with EHV-2 in which virus can be recovered 

intermittently from the nasopharynx and the white cell 

fraction of the blood are well documented but persistent 

latent infections with EHV-1 and EHV-3 have been less easy to 

demonstrate, although Erasmus (1966) isolated EHV-1 on at 

least five occasions from groups of horses three to ten days 

after injecting them with live attenuated African horse 

sickness viruses. 

This report presents some evidence for the reactivation 

of latent EHV-1 and EHV-3 infections in ponies maintained in 

isolation from other horses at the Animal Virus Research 

Institute, Pirbright. 
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~1ATERIALS AND METHODS 

The Pirbright herd of pure and crossbred Welsh mountain 

ponies was established between 1967 and 1971 to provide 

animals with a known history for studies of the abortifacient 

properties of EHV-1 strains and respiratory tract viruses of 

horses. Apart from the introduction of new stallions in 1974 

and 1977, the herd has been self-contained since October 

1971. The ponies have no contact with other horses and, 

unless mixed for experimental or breeding purposes, are kept 

in separate groups according to age and sex. Most of the 

ponies are kept outdoors during the summer and housed during 

the winter. Eight separate grazing areas, ten covered courts 

and one isolation unit with bathing and changing facilities 

are available. The numbers of ponies in the herd between 1972 

and 1982 ranged from 49 to 85, with a yearly average of 61. 

Five to 19 foals were produced each year (average 11) and one 

to 21 ponies (average 11) were discarded. Past and present 

ponies in the herd total 197. 

Ponies used for experimental purposes were housed in an 

isolation unit and were not returned to their original group 

for at least six weeks. Some details of natural and 

experimental infections in the herd have been recorded 

(Burrows and Goodridge, 1973, 1975, 1978, 1979). Before and 

between experiments, all ponies were inspected daily and, if 

signs of respiratory or other disease were seen, appropriate 

samples were taken and screened for virus in equine foetal 

kidney cell cultures. Blood samples were taken at frequent 

intervals and the sera stored at -20°C. Neutralising antibody 

titres were determined by plaque reduction rests (Burrows, 

1966), using equine foetal kidney or rabbit kidney cell line 

(RK-13) cell cultures and complement fixing antibody titres 

by an overnight microtest (Thomson et al., 1976). 

RESULTS AND DISCUSSION 

Equid herpesvirus 1 

(a) Virus recovery 

Virus may be isolated from the naso-pharynx of most 

horses for periods of eight to 10 days after infection or 
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re-infection and from some horses for up to 14 days (Burrows 

and Goodridge, 1975). Virus may also be recovered from the 

white cell fraction of the blood for similar periods in most 

subtype 1 infections but not usually in subtype 2 infections 

(Burrows and Goodridge, 1973 and unpublished results). 

No systematic attempt was made to isolate virus from 

ponies between experiments but virus was isolated from swabs 

taken for control purposes from a four-year-old mare a few 

days after her foal had been weaned and from a five-year-old 

gelding newly housed for experiment. Virus was also 

recovered, along with rhinovirus 1436/71, from the pharyngeal 

tissues of a four-year-old gelding killed in the terminal 

stages of Grass Sickness and from five colts a few days after 

castration. No clinical signs of respiratory disease were 

displayed by these animals and seven of the eight ponies 

subsequently developed increases in EHV-1 antibody. 

An attempt to produce a reactivation of latent EHV-1 in 

ponies by treatment with synthetic corticosteroid was 

unsuccessful, although the treatment did result in the 

appearance and transmission of rhinovirus 1436/71 within the 

group (Table 1). 

Pony 
95 
96 
97 
99 

105 
106 
111 
114 
122 

TABLE 1 

0 2 4 
-t 

Rhinovirus 2 activity in a group of ponies 
following treatment with synthetic 
corticosteroids* 

Days after treatment commenced 
6 8 10 12 15 22 27 42 50 

0.7 2.5 
2.5 3.0 2.5 2.1 2.7 

2.0 0.7 2.6 3.2 
2.1 1.8 3.1 1.7 0.7 2.6 

1.5 1.5 1.3 3.1 

*Flumethasone: 2.5 mg i/v day 0, 1, 2 and 3, and 
3.75 mg day 5 

tLog10 pfu/nasopharyngeal swab. - = <0.7 

All ponies had been exposed three and six months 
earlier to EHV-1 (R/2290 - subtype 2) . 
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Similarly, attempts to demonstrate EHV-1 in the 

trigeminal ganglia and other tissues at various times after 

infection with both subtypes of the virus have so far proved 

unsuccessful (Table 2). 

TABLE 2 

Age 
Pony (years)sex 

105 3 M 
III 2 M 
122 2 M 
114 2 M 
108 2 M 

62 8 F 
68 8 F 

121 2 F 
91 4 F 
88 4 F 

102 3 F 

Attempts to demonstrate latent EHV-1 in 
tissues taken post-mortem 

Period 
since last 

experimental 
infection 

15 months 

6 months 

No previous 
experimental 
infection 

10 months 

Sub­
type 

2 

1 

2 

-

2 

Tissues 
examined 

Trigeminal 
ganglia, 
guttural 
pouch 

Method 

Organ culture 
and co-culti-
tivation on 
equine foetal 
kidney cells. 
Cultures 
maintained 
for 6 weeks 
and sampled 
weekly 

-----------------------------------------------------------

l49 11/2 
148 
142 " 

141 11/2 
143 " 
150 " 
144 " 

131 21/2 
l36 " 
138 " 
l30 " 

129 " 
l33 " 

M 
M 
M 

M 
M 
M 
M 

M 
M 
M 
M 

M 
M 

3 months 2 

7 months 
3 months 

7 months 
2 months 

6 weeks 

1 
2 

1 
2 

2 

(b) Serological studies 

Trigeminal 
ganglia, 
tonsil, 
pharyngeal 
and/or 
mandibular 
lymph 
nodes 

Organ culture 
and co-culti­
equine foetal 
lung cells. 
Cultures 
maintained 
for 3 weeks 
and sampled 
at 3-day 
intervals 

The reactivation of a latent infection could be expected 

to be accompanied by virus shedding, with the possibility of 

infection or re-infection of contact animals. Serological 

screening of groups of ponies held in complete or relative 
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isolation has confirmed that such infections do occur. In 

October 1969 15 newly purchased pony colt foals developed 

rhinopneumonitis and virus was recovered from most animals 

during the clinical stages of disease. Five of these colts 

were placed in an animal room in the centre of the laboratory 

area and held there for seven months. Serological studies 

(Fig.l) confirmed that the group suffered a second infection 

10 weeks after the initial infection and a third infection 

three months later. Some coughing occurred during the second 

infection but no virus was recovered from naso-pharyngeal 

swabs taken at that time. The third infection was not 

accompanied by clinical signs and was only identified in 

retrospect. These results indicate that at least one of these 

ponies was latently infected and was able to initiate 

infections in companion animals . 

I'S . _.1-·-·\ J"-..,.,.. j."./'-. ....... ". 
/ ._:/'.-, .;1... :',. __ 

~jl .... \..... i \. '-.--~ ...... -./ .r· ........ . 
' .. "... ...: •...•... ." ..... ', ..... 

··· ........ 1 ' .................................... ' 
O'S 

o 2 3 4 5 6 7 
MONTHS 

Fig.l Geometric mean antibody titres (log 
reciprocal) of five 6-month-old pony foals hela in 
isolation. EHV~1 H-45 (subtype 2). 0 0, 
neutralising; 0······0, CF. 

The results of similar retrospective serological studies 

of our breeding mares are given in Fig.2, which presents 

their geometric mean antibody titres for a three-year period. 

Most animals developed significant increases in neutralising 

antibody during the summers of 1976 and 1977, indicating that 

some re-infections were occurring within the group at that 

time. 
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2·0 

I·S 

1·0 

O·S 

1976 1977 1978 

Fig.2 Geometric mean antibody titres (logIn 
reciprocal) of breeding mares. EHV-l RAC-H (suotype 1). 
Mean of nine mares in 1976, 23 mares in 1977 and 22 
mares in 1978. 

The findings for individual mares are summarised in 

Table 3, which shows that 21 of the 23 mares experienced from 

one to three periodic increases in neutralising antibody 

during the periods of study. The period of study for each 

mare commenced at least nine months after the last 

experimental exposure to EHV-l. Seventeen of the 23 mares had 

been exposed to EHV-l strains on one to seven occasions 

(average 2.8) by intranasal, intramuscular or intra-uterine 

injection but no virulent field strain of virus had been used 

in the group since April 1975 (five mares). In 1976 and 1977 

many of these serological indications of either 

recrudescences of infection or of re-infection occurred 

during the late spring and early summer and they occurred in 

both in-foal mares and barren mares. In an earlier study of 

EHV-3 infection in the pony herd (see later), similar 

significant rises in neutralising antibody were identified in 

several animals at the same time of the year and it may be 

significant that 12 cases of Grass Sickness occurred in the 

herd during the early summers of 1974 and 1977. It is of 

interest to speculate whether subclinical cases of this 



disease occurred in these and other years and provided the 

stress factor which reactivated latent herpesvirus 

infections. 

TABLE 3 Diagnostic increases in neutralising 
antibody (EHV-l, RAC-H subtype 1) in 
a group of breeding mares 

Number Period of study Number of significant 
antibody rises of mares (months) 

None One Two Three 

9 
10 

2 
2 

33 
24 
21 
14 

o 
2 
o 
o 

Mean age in January 1976: 

Mean interval between 
antibody rises: 

2 
2 
1 
1 

3 
5 
1 
1 

4 
1 
o 
o 

6.4 years (3 to 12) 

13.25 months (7 to 22) 
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Reports of respiratory disease occurring after influenza 

vaccination have been received from time to time and the 

possibility that influenza vaccination might impose some 

stress on the animal which might lead to the reactivation of 

latent EHV-l was examined by looking [or increases in CF 

activity (EHV-l) in sera. Suitable collections of sera were 

available from our 1971/74 study of the efficacy of four 

commercial vaccines (Burrows et al., 1977), the 1979/80 

comparison of 10 inactivated influenza viruses (Burrows and 

Denyer, 1982) and the 1976/77 field trial of a prospective 

vaccine in trekking ponies in Wales and Scotland (Burrows and 

Goodridge, 1979). The results confirm that increases in EHV-l 

CF antibody do occur in some animals during the two weeks 

after vaccination but, in the only group in which controls 

were available, no differences were seen between the 

responses of control and vaccinated animal (Table 4). 

Equid herpesvirus 2 

Most foals in the pony herd acquire infection during the 

suckling period and virus may be isolated intermittently from 

nasopharyngeal swabs for long periods. Twelve foals born in 

1976 were sampled frequently before and after weaning at five 
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months. Virus was isolated from 18/81 swabs (11 foals 

infected) collected before weaning and from 35/92 swabs (all 

foals infected) collected during the four months after 

weaning. 

TABLE 4 

Study 

Pirbright 
1971/74 

Pirbright 
1979/80 

Field trial 
1976/77 

Controls 

Numbers of ponies with three-fold or 
greater increases in EHV-1 (H-45 subtype 
2) CF antibody titre during the 14 days 
following vaccination with commercial 
or experimental inactivated influenza-
virus vaccines 

Number Number of ponies with increases 
of ponies following 

First Second First Second 
primary primary annual annual 

32 2 5 7 6 

20 1 2 3 

94 13 5 17 

22 5 1 4 

Equid herpesvirus 3 

Clinical lesions associated with EHV-3 infection were 

first seen in the pony herd in June 1975, although routine 

testing of sera in 1972 had disclosed that subclinical 

infections had occurred since 1971. The acquisition and 

transmission of infection during the breeding seasons 1971 to 

1975 are summarised in Table 5. 

The serological findings indicate that in 1971 a young 

"virgin" stallion, B/68, was infected by mare 12/66 which had 

joined the herd in October 1970. This mare developed an 

increase in EHV-3 neutral ising antibody before being mated 

and subsequently the stallion and two of eight other mares 

mated developed antibody. In 1972 stallion B/68 infected five 

of ten susceptible mares but whether the stallion or mare 

17/65 was the initial source of virus that year is not known. 

Stallion A/64 was infected in 1972 by mare 13/65. In 



TABLE 5 Acquisition and transmission of EHV-3 
infection during the breeding season 

Stallion 

1967 

A/64 

B/68 

Note: 

Season 

to 1971 
1972 
1973 
1974 
1975 

1971 
1972 
1973 
1974 
1975 

Stallion 
infected 
Stallion 
antibody 

Mated 

4 to 11 
5 
7t 
6t 
8 

9 
11 

8 
6 
7 

Number of 
with antibody 
before mating 

2 (*2 and 4) 
2 (12 and 13) 
0 
0 
3 

1 (12 ) 
1 (17) 
4 
4 
7 

mares 
Developing 
antibody 
after mating 

0 
0 
4 
3 
2 

2 (13 and 17) 
5 
2 
2 

A first developed antibody July 1972, 
by Mare 13 
B, virgin stallion in 1971, developed 
June 1971, infected by Mare 12 

* Identity of infected mares 
t Virgin fillies 

1973 and 1974 he was used only to mate with virgin fillies 

and in both years transmission of infection occurred. 
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The neutralising antibody titres of mare 12/66 which had 

been infected before entering the pony herd and the two mares 

(13/65 and 17/65) infected in 1971 were measured over a 

period of 20 months (Fig.3). Titres dropped to below 0.6 (log 

reciprocal) some 15 to 20 weeks after infection or 

recrudescence of infection and remained at this level for 

variable periods ranging from one to six months before 

increasing to titres of 1.7 to 2.0. 

Similar findings were obtained for mares infected in 

1974 and 1975 (Fig.3). Attempts to correlate these secondary 

increases in neutralising antibody with episodes of virus 

growth and excretion were made by examining vaginal and nasal 

swabs periodically from week 50 to week 95 from mares 61/71 

to 68/71. Virus was recovered from vaginal swabs of mare 

61/71 on five occasions from week 54 to week 59 during the 

primary infection (virus amounts ranged from 10 0 . 7 to 10 2 . 7 
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12 

13 

17 

61 

62 

63 

64 

65 

66 

67 

68 

10Sl 
1°2 

0°6 

102l 

102l 

1°2 ~ o--o-o---<>-o--<>--<>--<>-<Xi 

1°2 ~ ~>--<>--o-o-<>o->---O--O---<>-< 

12 ~ ~<>--<>--o-oO 
1°2 ~ 

12~~~~ 
12 t 

102~ ~ 
::: I 
06 ~ 

o 30 60 90 
WEEKS 

Fig.3 EHV-3 neutralising antibody titres (log10 
reciprocal) of selected mares. 
Periods: Mares 12, 13 and 17 - May 1971 to Jan. 1973 

Mares 61 to 68 - May 1974 to March 1976 
Stallion B/68 running with mares 12, 13 and 17 from 
weeks 0 to 5 in 1971 and mare 17 from weeks 52 to 58 in 
1972 . 



317 

Fig. 3 (continued) 

Stallion A/64 running with mares 12 and 13 from weeks 52 
to 58 in 1972, with virgin mares 63 to 68 from weeks 0 
to 5 in 1974, and virgin mares 61 and 62 and mares 63 to 
68 from weeks 52 to 58 in 1975. 

pfu/swab) and again from two samples taken during week 90 

(mean titre 10 3 .1 pfu/swab). Clinical signs of coital 

exanthema in form of a single lesion at the same site on the 

vulva were evident on both occasions. The neutralising 

antibody titres of mares 61/71 and 63/71 increased from <0.6 

to 2.0 between weeks 90 and 93. ~rimary infections also 

occurred in mares 62/71, 65/71 and 67/71 at this time, but 

virus was not recovered from swabs and no clinical signs of 

disease were seen. Precautions had been taken to avoid 

transmission of infection during sampling procedures but some 

grooming and tail trimming had been carried out during week 

90. 

These studies of natural EHV-3 infection in the breeding 

herd provide some information relevant to the epizootiology 

of the disease and an explanation of its sporadic appearance 

in breeding establishments. Infection was introduced in 

October 1970, yet no obvious clinical signs of the disease 

were seen until June 1975. The stallions and mares ran as 

groups for six weeks each season and the mares were inspected 

daily for evidence of recent coitus. During these years both 

stallions and eighteen mares acquires infection and 

unequivocal evidence was obtained of the long-term 

persistence of virus in both the stallion and the mare. The 

virological and serological results indicated that, some 

months after a primary infection, neutral ising antibody 

levels decreased to pre-infection levels and then increased 

again after a variable peroid. Virus was not recovered from 

samples taken from the vagina or the nose during periods when 

primary subclinical infections took place, as a result of 

either coitus or cross-infection, or when secondary increases 

in antibody occurred. However, small amounts of virus were 

obviously produced at these times, as transmission of 
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infection to susceptible animals took place. Some 

experimental evidence that large amounts of virus are 

required to produce clinical disease and that smaller amounts 

produce subclinical infections was reported by Bryans and 

Allen (1973). Virus was recovered for a period of five weeks 

from one mare which displayed a single lesion and again from 

a lesion which appeared in the same area some eight months 

later. Cross-infection to three susceptible mares occurred on 

this latter occasion but whether the virus was transmitted by 

grooming activities, flies (Gibbs et al., 1972) or inhalation 

(Bryans and Allen, 1973) is not known. 
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Felid herpesvirus type 1 (FHV 1), the cause of severe 
respiratory diseases in Felidae, has a DNA of 19w GC content 
and of an approximate molecular weight of 80x10 Daltons. 
Various isolates from different countries and different 
clinical outbreaks or originating from latent infections 
showed a considerably homogeneity in their genomes when 
restriction enzyme analysis was applied. These results are 
discussed in comparison with other viruses of the herpes 
group, which have an obvious DNA heterogeneity. One 
speculative conclusion would be that the FHV 1 genome has a 
unique structure. 

INTRODUCTION 

One of the major clinical problems in diseases of Felidae 

is associated with respiratory tract infections. The great 

majority of these cases are caused by one of two viruses; 

felid herpesvirus I (FHV I) and feline calicivirus. Both 

viruses are found worldwide (Gaskell and Wardley, 1978). Our 

report deals with FHV I, which is a typical member of the 

herpesvirus group attributed to sub family alphaherpesvirinae 

(Roizman et al., 1981). It is known to undergo latency (Povey, 

1979). Its biological properties, virus host cell 

relationship, antigenic properties and characteristics of its 

carrier state have been studied in some detail and will be 

intensively discussed at this meeting (Gaskell and Povey, 

1977, 1979; Povey, 1979; Gaskell and Goddard, 1982 this 

issue). One of the outstanding features of FHV I is its 

restrictedness in vivo and in vitro to Felidae and feline 

cells. This narrow host range together with other biological 
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properties bears some resemblence to Varicella-zoster virus 

(VZV). Different FHV I isolates examined by conventional, 

serological cross neutralisation techniques appear to be 

uniform and in general are of uniform pathogenicity. 

Nevertheless strains of modified virulence do exist having 

been developed for use in vaccines (Slater and York, 1976; 

Davis and Beckenhauer, 1976; Bittle and Rubic, 1975). No 

relationship has been observed to the other feline herpesvirus 

(FHV 2, felid cytomegalovirus) or any other member of the 

herpesvirus group (Povey, 1979). 

In this report the first detailed studies on the genome of 

FHV I isolates are presented. The viruses originated from 

Europe or Northern America and were obtained from cats showing 

both typical and atypical signs of infection with FHV I. 

Attention was also given to re-isolates from persistently 

infected cats in order to determine if the virus altered 

during latency and passage in the host. Our results present 

surprising uniformity in FHV I genomes which is quite in 

contrast to data obtained with bovine herpesviruses and 

pseudorabiesviruses also reported in this issue (Pauli et al., 

1982; Ludwig, 1982; Herrmann et al., 1982). 

MATERIALS AND METHODS 

VIRUSES 

Wildtype isolates from clinical cases of FHV 1 infections 

(feline viral rhinotracheitis) in Bristol or Berlin, a 

laboratory strain (B927) used for experimental infections, 

isolates recovered from the trigeminal ganglia of latently 

infected cats and an attenuated vaccine strain originating 

from Northern America, are summarized in Table 1. 

CELLS 

Viruses were grown in Crandell feline kidney (CRFK) cells 

or in a permanent cat cell line (kindly provided by N. Hirano, 

Iwate University, Morioka, Japan) under standard conditions. 

DNA ISOLATION AND RESTRICTION ENZYME ANALYSIS 

Viral DNA was either isolated from cell-free supernatant 

or from infected cells utilizing known techniques (Darai et 
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al., 1975; Pignatti et al., 1979) and digested with different 

restriction enzymes under conditions recommended by the 

supplier (BRL). The resulting DNA fragments were separated on 

0.8-1% agarose gels at 110 V for 3 hours (horizontal gels) or 

35 V for 18 hours (vertical gels). These slab gels were 

stained with ethidium bromide and photographed with a Polaroid 

Land camera. 

RESULTS 

An insufficient yield of FHV 1 DNA from virus particles of 

the cell-free supernatant motivated us to establish the growth 

conditions and virus production using B927 as reference strain 

in CRFK cells. As shown in Fig. 1, FHV 1 remained relatively 

strongly cell associated with titres of two logs higher 

compared to virus released in the supernatant. This explains 

the low DNA yield in preliminary experiments when DNA 

isolation was performed from concentrated supernatant 

preparations. In all consecutive experiments DNA isolation 

followed the procedure of Pignatti et al. (1979), which had 

already proven to be advantageous in VZV DNA extraction 

(Gilden et al .. , 1982). Such partially purified DNAs analysed 

by preparative CsCl equilibrium centrifugation (Ludwig, 1972) 

had buoyant densities of 1.708-1.710 g/cm3 (Fig. 2). CRFK cell 

DNA (e = 1.698 g/cm 3 ) and pseudorabies (PsR) virus DNA (e 

1.731 g/cm 3 ) served as markers. The GC-content of FHV 1 DNA 

was calculated to be approximately 50 Mol %, which is close to 

that of cell DNA and corresponds well to a value of 46% 

reported by Plummer et al. (1969). It is also close to the 

value of 46% obtained for VZV DNA (Ludwig et al., 1972). 

The total amount of DNA received from one infected cell 

batch (1 Roux bottle) was approximately 20 ~g. This was 

sufficient to perform all the following experiments. A total 

of 6 different enzymes (Hind III, Eco R I, Bam H I, Bst Ell, 

Kpn I, and Pst I) was used for cleavage of 16 FHV 1 DNAs. The 

results are given in Table 2. The molecular weight calculated 

from the sum of the fragments was estimated to be 

approximately 80x10 6 Daltons. This result was calculated 
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GROWTHCURVE OF FHV I IN CRFK CELLS 

.---.-----. 
INTRACELLULAR 

~o 0 

o EXTRACELLULAR 

o 3 6 9 12 15 18 21 24 27 30 

HOURS AFTER INFECTION 

Fig. 1 CRFK cells were inoculated with FHV 1 stockvirus 
B297 (1 PFU/cell). After adsorption for 1 hour (0) samples 
of supernatant and cells were collected at the indicated 
times and frozen at -70°C until the titre in plaque assay 
was determined. 

independently from six agarose gels and is a mean value from 

all enzymes applicated, using the Bam H I fragments of PsR 
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Fig. 2 CRFK cells, infected with FHV 1 stockvirus B927 
and mink lung cells, infected with PsR virus were labelled 
4 hrs. p.i. with 3H-Thymidine. Simultaneous mock-infected 
CRFK cells were lysed, treated as described previously 
(Ludwig, 1972) and centrifuged to equlibrium in CsCl 
gradients. The arrow indicates FHV 1 DNA, PsR- and CRFK 
cell DNA were used as internal markers. 

virus DNA (Rixon and Ben-Porat, 1979) as molecular weight 

markers. The molecular weight of FHV 1 DNA is unusual low for 

a herpesvirus DNA. However, our estimates seemed to be in the 

correct range because in simultaneous electrophoresis on the 

same slab gel the mobility of the intact PSR virus DNA (MW = 

92xl0 6 Daltons) was considerably lower than that of the felid 

herpes virus, pointing to a molecular weight difference of 

10 l5xl0 6 Daltons. Further investigations are on the point 

of being accomplished since molecular weight estimates from 
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DNA cleavage patterns may be erroneous (Hayward et al., 1975) 

In restriction enzyme analysis of the DNAs of 16 FHV 1 

isolates no obvious differences in the cleavage patterns were 

observed when 5 of the above mentioned enzymes were used (Fig. 

3 and 4). Only with Eco RI were two types of cleavage patterns 

Fig. age patterns 0 ates after 
digestion with different restriction endonucleases: Lanes 
1-4 FHV 1 DNAs Bst E II digested; Lanes 5 and 11 PsR 
virus DNA Bam H I digested (serving as molecular weight 
markers); Lane 6 FHV 1 DNA Pst I digested; Lanes 7-10 
FHV 1 DNAs Hind III digested; Lanes 12-15 FHV 1 DNAs Bam 
H I digested; Lane 16 FHV 1 DNA Kpn I digested. The DNA 
fragments were separated by electrophoresis on a 0.8% 
agarose gel at 40 V for 18 hours, stained with 
ethidiumbromide (lUg/1) and photographed under UV 
transillumination with a Polaroid Land camera. 

observed, but these showed only minor differences (Fig. 5). 

With all the other enzymes only slight shifts in the 

electrophoretic mobility of one or two fragments were evident 

(Fig.3 and 4, further data not shown). One of these fragments 

seemed to represent an end fragment as found by exonuclease 

treatment in preliminary experiments using Bst E II or Bam H I 

enzymes. 

Isolates 2 and 3 represent re-isolates of the standard 

stock virus B927 (isolate 1, Table 1) and all have identical 

or nearly identical DNA patterns. Isolate 2 was passaged 
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Fig. 4 DNA cleavage patterns of FHV 1 isolates after 
digestion with Bst E II: Lanes 1-8 FHV 1 isolates 
1,3,4,2,7,8,11 and 12 (see Table 1); Lane 9 PsR virus DNA 
Barn H I digested (molecular weight marker); Lanes 10-17 
FHV 1 isolates 9,10,5,6,13,14,15, and 16 (see Table 1). 
Conditions for separation and visualization were as 
indicated in Fig. 3. 

Fig. 5 DNA cleavage patterns of FHV 1 isolates after 
digestion with Eco R I. Arrangement of samples and 
conditions as in Fig. 4. 
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11xmore in vitro than isolate 1; isolate 3 was present in a 

latently infected cat for 11 months before re-isolation from 

its trigeminal ganglia. Two other isolates, numbers 5 and 6 

also have identical or very similiar DNA cleavage patterns. 

They derive from the same outbreak (Table 1), but isolate 6 

was present in a latently infected cat for 1 year before 

re-iso1ation from its trigeminal ganglia. Isolates 7 and 8, 

however, which are representatives of the same virus strain, 

but differ only in a threefold plaque purification procedure, 

do not show a similiar DNA pattern (Fig. 4 and 5). They 

exhibit the same slight shifts in mobility of some fragments 

as all the other unrelated isolates. However, looking at the 

overall cleavage pattern, no major differences were visible 

between isolates from different countries, different clinical 

entities or from latently infected cats. It is of further 

interest that the attenuated strain from Northern America, 

which is used as vaccine shows no obvious changes in the DNA 

pattern compared to the wild-type European strains. 

DISCUSSION 

The characterization of the FHV 1 genome revealed that 

this virus has a low DNA GC content (approximately 50 Mol %), 

similiar to that of VZV DNA (46%). If the molecular weight of 

FHV 1 DNA (about 80x10 6 Daltons) could be confirmed by other 

techniques, this would also agree with the size of VZV DNA 

(Dumas and Geelen, 1981). FHV 1 also shares other 

similiarities with this human herpesvirus, like cell 

association and narrow host range. Analysis of FHV 1 points to 

a relatively uniform structure of the genome. Whether this 

correlates with the relatively uniform pathogenicity of the 

virus and its restriction of infection only to members of the 

Felidae, remains to be investigated further. The comparison of 

a variety of strains points to a unique genomic situation in 

FHV 1, since in some other herpesvirus groups, like herpes 

simplex virus, herpesvirussaimiri and equine herpesvirus, 

considerably more heterogeneity has been found, when enzymes 

were used which cleaved approximately the same number of 
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fragments (Lansdale et al., 1980~ Desrosiers and Falk, 1982~ 

Studdert et al., 1982). There are other herpesvirus groups 

which exhibit less variability in their genomes compared to 

the former e.g. bovine herpesviruses and pseudorabies viruses 

(Engels et al., 1981~ Herrmann et al., 1982 this issue), but 

they are still more heterogeneous than FHV 1. Nevertheless one 

group seems to behave similiarly to FHV 1: the vzv genome; but 

there is only a limited amount of information on this as yet 

(Martin et al., 1982; Richards et al., 1979). 

There is no evidence in the present study that the FHV 1 

genome alters during a period of latency in the host. Both 

re-isolates obtained from the trigeminal ganglion explant 

cultures 11 and 12 months after the initial infection appeared 

to be virtually identical to the original infecting virus. A 

similiar situation has been shown for HSV in man (Lansdale et 

al., 1980; Buchman et al., 1980). As in HSV 1 (Buchman et al., 

1980) the reference strain B927 (isolate 1) did not appear to 

alter on in vitro passage. However, another isolate (7) showed 

a visible change (8) in DNA pattern after a threefold plaque 

purification procedure. This may be because of heterogeneity 

in the original virus population. 

Isolates from a variety of clinical cases, some with 

unusual manifestations of FHV 1 infection, were all very 

similar, though some slight differences both from each other 

and from reference strain B927 (1) were observed. However, 

these differences were not as marked as in some other 

herpesvirus infections (e.g. bovine herpesvirus 1) where 

differences in pathogenicity of isolates may be correlated 

with restriction enzyme cleavage patterns (Engels et al., 

1981; Pauli et al., 1982 this issue). This is perhaps not 

surprising in that strains with particular tropisms do not 

appear to be common in FHV 1 infection, and an unusual 

clinical manifestation may represent a difference in the 

host's response rather than in the virus. It is also 

noteworthy that an attenuated vaccine strain (13) did not 

differ markedly from wild-type isolates, as compared to the 

quite different situation with some other herpesviruses 
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(Studdert et al., 1981; Herrmann et al., 1982 this issue; 

Martin et al., 1982). 

Isolates from the three different geographical locations 

of Berlin, Bristol, U.K., and the U.S.A. also appeared to be 

very similar, showing only slight differences from each other 

and from the reference strain B927 (I). 

In conclusion, the most outstanding finding with FHV 1 

compared to other herpesviruses was the marked stability of 

the viral genome. The virus is known to persist as a latent 

infection in cat. It periodically produces severe outbreaks of 

disease, and is worldwide in distribution. Therefore 

theoritically it has the same opportunities for recombination 

as HSV and other herpesviruses, and these show a considerably 

higher genome heterogeneity. This suggests that the FHV 1 

genome may have a unique structure. 
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Feline viral rhinotracheitis (FVR) virus, now known as 
felid herpesvirus 1 (FHV-l), is a major cause of feline upper 
respiratory tract disease. This paper reviews briefly the 
present state of knowledge of this virus and the clinical 
syndrome it produces. The epizootiology of the disease is 
discussed with particular emphasis on the nature and role of 
the carrier state. Information is presented on the interactions 
between vaccination and the carrier state. 

INTRODUCTION 

Felid herpesvirus 1 (FHV 1) is a major respiratory pathogen 

of cats. It was first isolated in 1957 in the USA by Crandell 

and Maurer (1958) and the disease, an acute, febrile syndrome, 

characterised by copious ocular and nasal discharges, was 

called feline viral rhinotracheitis (FVR) (Crandell and 

Despeaux, 1959). Later work confirmed that the agent was a 

herpesvirus (Ditchfield and Grinyer, 1965; McEwan and Miles, 

1967) and in 1973 the identification felid herpesvirus I, 

subfamily alphaherpesvirinae, was proposed by the International 

Committee on Taxonomy of Viruses (Roizman et al., 1981). 

THE AGENT 

The morphology, physicochemical properties, cultural and 

other characteristics of the virus have been reviewed in some 

detail by Crandell (1973) and Povey (1979). Only features of 

the agent relevant to its epizootiology will be presented here. 

FHV-l is a comparatively labile virus, surviving for only 

up to 18 hours in a moist external environment at approximately 

15°C, and less than 12 hours in a similar but dry environment 

(Povey and Johnson, 1970). As an aerosol, it is relatively 
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unstable at midrange and higher relative humidities (Donaldson 

and Ferris, 1976). The virus is susceptible to the effects of 

heat and acid (Miller and Crandell, 1962; Johnson, 1966) and to 

all common disinfectants (Scott, 1980). 

Both the natural and experimental host range of FHV-l 

appears to be highly restricted in contrast to some other 

herpesviruses such as Aujeszky's disease virus or herpes 

simplex virus. Despite attempts to culture it in a number of 

laboratory animals and cell lines from various species 

(reviewed by Povey, 1979), in vivo it appears only to infect 

members of the Felidae and in vitro, apart from one unconfirmed 

report of adaptation to a rabbit kidney cell line (Ditchfield 

and Grinyer, 1965), its replication is confined to cells of 

feline origin. There is one report of an abortive infection in 

human cells pre-treated with inactivated Sendai virus 

(Tegtmeyer and Enders, 1969). 

All FHV 1 isolates so far examined appear to be closely 

related antigenically on the basis of conventional serological 

cross-neutralisation tests (Crandell et al., 1960; Bittle et 

al., 1960; Johnson and Thomas, 1966); more refined serological 

techniques such as neutralisation kinetics or plaque reduction 

assays have not been used. Recent work using restriction enzyme 

analysis of the viral DNA has confirmed this high degree of 

similarity between strains (Herman et al., 1982) which, in 

general, is reflected in the relatively uniform biological 

behaviour of isolates. Nevertheless strains of modified 

virulence do exist, having been produced in recent years for 

use in vaccines (Slater and York, 1976; Davis and Beckenhauer, 

1976; Bittle and Rubic, 1975). When one of these, a ts mutant, 

(Slater and York, 1976) was examined it also showed a similar 

DNA cleavage pattern to the other isolates when the major DNA 

fragments were compared (Herman et al., 1982). More extensive 

work is needed to confirm this apparent lack of heterogeneity 

in FHV 1. 

FHV 1 is highly infectious to susceptible cats and 

generally produces a reasonably uniform upper respiratory tract 

syndrome. The natural route of infection is almost certainly 
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intranasal, oral or conjunctival. Experimentally, the 

intranasal route is most commonly used, but several other 

routes have also been investigated (reviewed by Povey, 1979). 

Because of the affinity of some other herpesviruses for both 

respiratory and genital tracts, some attention has been given 

to a possible genital tract tropism for FHV 1. Bittle and 

Peckham (1971) showed that vaginal instillation of virus 

resulted in congenitally infected kittens. Transplacental 

infection and abortion has been demonstrated following 

intravenous inoculation of virus, but although abortions also 

occurred following the more natural intranasal route of 

inoculation, no virus was recovered from aborted material 

(Hoover and Griesemer, 1971). Thus abortion was attributed to 

non-specific effects of the severe debilitating upper 

respiratory disease and not to the effects of the virus itself. 

In the typical, respiratory experimental infection, 

replication of FHV 1 as assessed by (1) pathological findings 

together with the presence of intranuclear inclusion bodies, 

and (2) the occurrence of maximal virus titres in tissues, 

takes place predominantly in the mucosae of the nasal septum, 

turbinates, nasopharynx and tonsils; other tissues including 

conjunctivae, mandibular lymph nodes and upper trachea are also 

often involved (Crandell et al., 1961; Gaskell and Povey, 

1979a). A viraemia has only rarely been reported (Blirki et a1., 

1964; Hoover at al., 1970; Gaskell and Povey, 1979a). 

THE CLINICAL SYNDROME 

FHV 1 produces a characteristic syndrome in susceptible 

cats (Crandell et al., 1961; Blirki et al., 1964; Gaskell and 

Povey, 1979b). The incubation period is usually 2-6 days, but 

may be longer. Experimentally it has been shown that increasing 

virus dosage (from 10 2 to 10 7 TCIDSO ) is significantly 

correlated with a shortening of the incubation period and to 

some extent with the severity of clinical signs (Gaskell and 

Povey, 1979b), but in general, the syndrome is reasonably 

uniform. 

Early signs of the disease include depression, marked 
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sneezing and clear ocular and nasal discharges. There is 

usually fever ( 39.5°C) and loss of appetite. As the disease 

progresses, the discharges gradually turn muco-purulent. 

Conjunctivitis, hypersalivation, and sometimes dyspnoea and 

coughing may develop, and there may be a recurrence of th 

pyrexia. A leucocytosis with a left shift is present throughout 

the course of the disease. The majority of clinical signs has 

usually resolved in 10-20 days but some animals may be left 

with chronic sequelae. Mortality may be high in very young or 

debilitated cats. Other signs seen less commonly include tongue 

ulcers and ulcerative and interstitial keratitis (Karpas and 

Routledge, 1968; Bistner et al., 1971). Generalised disease may 

also occasionally occur, particularly in younger animals 

(Gaskell and Wardley, 1978): other rarer manifestations such as 

skin ulcers and nervous signs, have also been reviewed by 

Gaskell and Wardley, together with a discussion of various 

factors which on some occasions may account for variations in 

the host's response. 

MAINTENANCE OF THE VIRUSES IN THE POPULATION 

FHV 1 is a highly successful virus in cats. It is worldwide 

in distribution (Crandell, 1973) and together with feline 

calicivirus, accounts for the majority of cases of feline 

respiratory disease (Kahn and Hoover, 1976; Gaskell and 

Wardley, 1978). Clinically, it is the most significant of the 

feline respiratory pathogens. Serological surveys prior to 

vaccination demonstrated serum neutralising antibody titres in 

26-70% of cats, depending on the nature of the sample 

population (Studdert and Martin, 1970; Povey and Johnson, 1971; 

Ellis, 1981); in general, infection is less common in isolated 

household pets than in colony animals. Thus in cats, FHV 1 has 

filled the respiratory ecological niche which in many species 

is filled by a number of other virus families. 

FHV 1 is relatively fragile and short-lived in the external 

environment. Thus outside the cat it probably only persists 

long enough for indirect transmission to occur within the 

closed confines of a cattery. It has no known reservoir or 
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alternative hosts. Therefore like many herpesviruses it must 

rely for its continued survival on its ability to persist in 

the host, such persistence being achieved firstly, by 

continuous horizontal spread from the acute case to susceptible 

cat, and secondly, by means of carriers. 

The FHV 1 carrier state is characterised by a latent phase 

with only intermittent episodes of virus shedding (Gaskell and 

Povey, 1973; 1977). In the latent phase, virus is undetectable 

by normal sampling techniques, but during re-excretion 

episodes, virus is present in oro-pharyngeal secretions and the 

cats are infectious to other cats (Gaskell and Povey, 1982). As 

with other herpesvirus carrier states there is no evidence that 

the carrier state is self-limiting (Gaskell, 1975). 

Re-excretion may occur spontaneously, but is most likely to 

occur following stress. Experimentally in a group of 33 

FVR-recovered cats it was shown that a change of housing 

induced virus shedding in four (18%) of 22 individuals on six 

(15%) of 40 occasions; corticosteroid in 22 (69%) of 32 cats on 

31 (54%) of 57 occasions; and during lactation there was a 

marginally increase shedding rate (40% of a group of 10 queens 

experienced an episode of shedding within 10 weeks post-partum) 

(Gaskell and Povey, 1973; 1977). Climatic stress appeared to be 

ineffective at inducing re-excretion. The apparently 

spontaneous shedding rate in the 33 cats over a mean period of 

8.8 months was 0.9% on anyone day. In these studies, a total 

of 82% of the FVR-recovered cats shed endogenous virus on at 

least one occasion, and 45% shed virus spontaneously or under 

natural "stress" conditions and could thus be considered to be 

epidemiologically important. Similar findings on the FHV 1 

carrier state have been reported by Ellis (1981). 

Experimentally a lag period occurred before onset of virus 

shedding from 4-11 days (mean 7.2) after corticosteroid 

treatment and from 4-10 days (mean 7.2) after re-housing 

(Gaskell and Povey, 1973; 1977). The duration of virus shedding 

ranged from 1-13 days (mean 6.5) after corticosteroid and 4-9 

days (mean 7.2) after re-housing. In some cases (72% following 

corticosteroid stress, 30% following re-housing) shedding was 
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accompanied by recrudescence of mild clinical signs, though 

occasionally signs were seen in carriers unassociated with 

detectable episodes of re-excretion. 

It appeared that there was a refractory period following an 

episode of corticosteroid induced re-excretion during which 

further administration of corticosteroid was less effective 

(Gaskell and Povey, 1977). Cats which did re-excrete as a 

result of treatment had last shed virus on an average of 16 

weeks before, whereas cats which did not re-excrete had 

experienced their last episode of virus shedding on an average 

of only eight weeks before (p 0.01). Considerable variation 

was apparent however, both within and between individuals. 

In the field situation, surveys of clinically normal cats 

have shown an apparently spontaneous shedding rate of 1-2% 

(Wardley et al., 1974; Ellis, 1981); in Ellis' study only 26% 

of the cats sampled had FHV 1 antibody but their shedding rate 

may have been increased by having been brought to a cat refuge. 

Gaskell (1975) recorded FHV 1 re-excretion in 3(4%) of 75 cats 

9-12 days after entering a boarding cattery. 

Possible sites of latency with particular emphasis on a 

possible neural site, have been investigated by Plummer (1973) 

and Gaskell and Povey (1979a). Plummer was unsuccessful in 

attempts to isolate FHV 1 from the trigeminal ganglia of at 

least 10 FVR-recovered cats, despite successfully isolating 

herpesviruses from human and monkey trigeminal ganglia using 

similar coculture techniques. Gaskell and Povey examined the 

trigeminal ganglia by explant or coculture technique, and a 

range of other tissues mainly by tissue homogenisation in 20 

non-stressed latently infected FVR-recovered cats. None yielded 

virus except the turbinates and trigeminal ganglia culture of 

one cat spontaneously shedding virus at the time it died. Virus 

was isolated from the ganglia at 15 days and again at 47 days 

after initiation. Attempts to repeat this observation by 

examining tissues from 17 cats killed sequentially and induced 

to shed by corticosteroid or re-housing, yielded virus in 

turbinates and in some cases other oro-pharyngeal tissues, but 

not in trigeminal ganglia. Virus was recovered by coculture 
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from the olfactory bulbs and tracts of one of four cats 

however. This is interesting in view of the proximity of these 

tissues to and their association with the turbinates, and also 

because pathological changes have been recorded here in the 

acute stages of the disease (Hoover et al., 1970). In addition, 

olfactory spread has been shown as well as spread via the 

trigeminal system in experimental HSV infection in mice 

(Johnson, 1964; Baringer, 1975). 

The implications of this work were discussed by Gaskell and 

Povey (1979a) but, in the meantime, more studies are needed to 

confirm the importance of a possible neural site of latency for 

FVR, possibly with the use of more sophisticated techniques 

such as in situ DNA hybridisation. In addition, it may be 

possible to enhance isolation of the virus from trigeminal 

ganglia cultures by slightly altering the culture technique: 

minor differences have been shown to influence the recovery 

rate in other systems (Warren and Lewis, 1981). In our original 

studies the explant method of Baringer and Swoveland (1973) was 

used, but more recently we have isolated virus from the 

trigeminal ganglia of one latently infected FVR-recovered cat 

by a modification of the method of Harbour et al. (1981). This 

work is being continued. 

TRANSMISSION AND THE SIGNIFICANCE OF THE CARRIER 

The major method of spread of FHV 1 is by direct cat-to-cat 

contact. During the acute stage of the disease, titres of up to 

10 6 . 8 (mean 10 4 ) TCIDSO of virus are shed per ml of 

oropharyngeal, nasal and conjunctival secretions for a period 

of 1-3 weeks; during re-excretion episodes from carriers, 

levels shed are generally lower (p 0.01), up to 10S. 8 (mean 

10 3 . 1 ) TCIDSO per ml for 1-13 da~s (Gaskell, 1975). 

Experimentally titres of from 10~ - 10 7 TCIDSO inclusive have 

been shown to be infective (whereas 10 TCIDSO was not) , 

transmission being achieved by macrodroplet instillation of the 

virus onto the mucosa of the upper respiratory tract (Gaskell 

and Povey, 1979b). Cats have also been infected by the aerosol 

route (Bartholomew and Gillespie, 1968) but this is probably 
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not an important natural route for there is some evidence that 

the cat does not produce an infectious aerosol of either FHV 1 

or feline calicivirus during normal respiratory movements 

(Wardley and Pavey, 1976; Gaskell and Povey, 1982). :hus under 

field conditions most infections are probably the result of 

direct cat to cat contact through infectious discharges and 

sneezed macrodroplets. The distance through which sneezed 

droplets can be carried is not known but in relatively still 

air it appears they may reach a distance of 1.2m (Pavey and 

Johnson, 1970). 

Indirect or fomite transmission via a contaminated 

environment, personnel, or feeding and cleaning utensils may 

also occur and is probably an important route of tr'ansmission 

where groups of cats are housed together. However, in view of 

the fragility of FHV 1 ouside the cat, indirect sources of 

virus are unlikely to be of long term importance in the 

transmission of the disease. Other factors that influence the 

survival of FHV 1 in the external environment, and hence 

indirectly affect the efficacy of transmission, include 

temperature, relative humidity and ventilation (Pavey and 

Johnson, 1970). 

It is likely that under natural conditions the efficacy of 

cat-to-cat transmission of the virus will depend on both the 

amount of virus being shed by the infecting animal and on the 

duration and intimacy of contact of the susceptible animal with 

the infected secretions. Therefore it might be expected that 

virus might be more readily transmitted by cats in the acute 

stage of the disease where the discharges are usually more 

copious and in slightly higher titre, than by shedding 

carriers. Thus it has been shown that although cross-infection 

from acutely infected to susceptible cats may be readily 

achieved (Horvath et al., 1965; Pavey and Johnson, 1967; 

Bartholomew and Gillespie, 1968), under experimental 

conditions, fairly intimate contact of several days duration 

appears to be necessary before successful transmission may 

occur from a shedding carrier to an unrelated susceptible 

individual (Gaskell and Pavey, 1982). Thus in cages 2m x 0.75m2 
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Under more natural conditions, however, it is likely that 

the greatest importance of the carrier lies in its ability to 

transmit the virus within the close contact of family groups, 

thus enabling it to perpetuate the virus-host relationship into 

the next generation. Thus we looked at the transmission of 

FHV 1 virus from carrier queens to their kittens (Gaskell and 

Povey, 1982). In the 10 week post-partum period, the shedding 

rate from queens did appear to be marginally increased above 

the spontaneous rate: four of 10 queens re-excreted virus, and 

four kittens from three litters developed a contact infection. 

None showed clinical signs, and were presumably infected under 

cover of passive immunity. Two shed virus transiently for one 

day only and did not become carriers (as evidenced by 

corticostoid treatment) and two shed virus for 15 and 25 days 

and were subsequently shown to have become carriers; their SN 

antibody titres rising from <1 in 4 and 1 in 8 prior to 

re-excretion, to 1 in 96 and 1 in 128 after. The establishment 

of a latent carrier state under cover of passive immunity in 

animals which then become sero-negative, has also been shown 

for HSV 1 infection in mice (Sekizawa et al., 1980). 

From other studies it appears that there are many cases 

where carrier queens shed virus either when their own or when 

other kittens is close contact are unprotected by maternal 

antibody, and cases of acute disease result (Povey and Johnson, 

1967; Crandell, 1971). In general, however, this is not a good 

method for the virus to perpetuate itself in its host as 

mortality in young kittens can be high. The findings outlined 

above, however, show that on some occasions at least, the cat 

has an ideal method of perpetuating a balanced virus-host 

relationship which does not depend on the development of 

clinical disease. This then leads to the establishment in the 

next generation of the latent carrier state, so that the cycle 

is complete. 
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VACCINATION AND THE CARRIER STATE 

Since the advent of vaccination against FVR, in the UK 

seven years ago, it was pertinent to determine if vaccinated 

animals were protected against infection or just against the 

disease, and therefore whether such vaccinated animals could 

still be epidemiologically important. In a limited study using 

a modified live systemic vaccine, it was shown that all four 

vaccinated cats replicated field virus following challenge, and 

one of these was subsequently shown to have become a latent 

carrier. Virus re-isolated from this animal following 

corticosteroid treatment induced FVR in a susceptible cat (Orr 

et al., 1978). In similar studies with an intranasal vaccine, 

it appeared that there was little or no virus replication 

following challenge and no animals appeared to have become 

carriers (Orr et al., 1980). Thus in the short term, at least, 

and in this small group (8) of animals, this vaccine appeared 

to protect cats against the development of a field virus 

carrier state. More work is needed to elucidate vaccine/carrier 

state interactions. 
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Felid herpesvirus 1 (FHV 1) shares many epidemiological 
characteristics with other alphaherpesviruses. Control of 
these diseases in vivo relies on complex interactions between 
components of both specific and non-specific immunity. This 
paper briefly reviews anti-herpesvirus immune mechanisms in 
general, and then describes current knowledge on immunity to 
FHV 1. Preliminary investigations of the ability of antibody 
and complement to lyse infected cells, and the use of a 
lymphocyte transformation test are described. 

INTRODUCTION 

Felid herpesvirus 1 (FHV 1) is an alphaherpesvirus of 

cats causing a severe upper respiratory disease. Its 

epidemiology and carrier state have been described elsewhere 

(R.M.Gaskell, this volume), and it is apparent that many 

characteristics of this host/virus relationship are similar to 

those of other alphaherpesviruses (such as herpes simplex 

virus (HSV) , bovid herpesvirus 1 (BHV1), Aujeszky's disease 

virus and varicella-zoster virus (VZV)). Irrespective of 

whether herpesvirus latency is a static, or a dynamic state 

(Roizman, 1965), it is the shedding of infectious virus, 

whether symptomatic or not, which is of clinical and 

epidemiological importance. Thus once shedding, or increased 

shedding, has been stimulated, it is the immune system's task 

to contain the virus in a "safe" state. From this it follows 

that studies of anti-herpesvirus immunity are of critical 

importance in the control of these diseases. 

ANTI-HERPESVIRUS IMMUNE MECHANISMS 

Mechanisms of anti-herpesvirus immunity, and their 

relative importance in both the acute phase of infection and 
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in the control of latency have been reviewed in some detail by 

Rouse and Babiuk (1978), Babiuk and Rouse (1979) and Shore and 

Feorino (1981). A number of non-specific immune mechanisms are 

of great importance in resisting disease, especially in the 

non-immune host. Different cell types may vary in their degree 

of permissiveness for herpesvirus replication both within and 

between individuals, and thus could influence the 

establishment of disease. Macrophages have been shown to play 

a crucial role in herpesvirus resistance. Their state of 

permissiveness for virus replication and many functions may 

vary with the age of the animal (Hirch et al., 1970; Lopez and 

Dudas, 1979; Stanwick et al., 1980) and also upon infection 

(Forman and Babiuk, 1982). Similarly, the polymorphonuclear 

leukocyte (PMN) is emerging as an important effector. Bovine 

PMN can secrete an interferon-like mediator in response to 

stimulation by herpesvirus (Rouse et al., 1980) and 

complement-dependent neutrophil cytotoxicity has been shown to 

lyse BHV 1 infected cells (Grewal, Rouse and Babiuk, 1980). 

Both PMN and macrophages can interact with the components of 

the specific immune system to give greatly enhanced 

anti-herpesvirus effects. 

Natural killing of HSV targets has been reported (Ching 

and Lopez, 1979; Kohl et al., 1981) but Campos et al., (1982) 

could not demonstrate NK activity in a bovine system against 

BHV 1 using peripheral blood mononuclear cells, although lung 

lavage cells were reported to be successful. 

Initially, specific herpesvirus immune status was 

measured by serumneutralising antibody (SN Ab) titres, 

although the role of this alone in controlling disease has 

long been controversial (reviewed by Rouse and Babiuk, 1978). 

Consequently many other components of the immune system have 

been studied both in isolation and in various combinations, in 

an attempt fo define the anti-herpesvirus immune response. 

In the acute disease particularly, the cell-mediated 

immune system (CMI) has come to be regarded as highly 

important and CMI assays have been shown to become positive 

earlier in the acute disease than Sn Ab (Davies and 
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Carmichael, 1973; Rouse and Babiuk, 1974 and 1975), although 

recently more sensitive techniques for antibody detection such 

as radioimmuno assay and Antibody-Dependent Cell-Mediated 

Cytotoxicity (ADCC) assay have shown earlier antibody' 

development (Kohl et al., 1981). Direct T cell killing has 

been demonstrated for HSV (Pfizenmaier et al., 1977; Eberle et 

al., 1981) and is subject to genetic restriction. Interferons 

and other lymphokines produced from sensitized T cells enhance 

both specific and non-specific immune mechanisms (Babiuk and 

Rouse, 1978). 

Antibody dependent mechanisms are most likely to be of 

importance in the control of latent infection, where antibody 

(Ab) is already present. Antibody and complement-mediated 

lysis and ADCC, with or without facilitation by complement, 

have been demonstrated (Rouse et al., 1976, 1977; Shore et 

al., 1976), the latter operating especially at low antibody 

levels (as in the early stages of disease) . 

Attempts to correlate changes in immunological parameters 

with recrudescent disease have produced conflicting results 

(Davies and Carmichael, 1973; Rasmussen, 1974; Russell, 1974; 

S¢rensen et al., 1980; Starr et al., 1975; Thong et al., 1975; 

Wilton et al., 1972). With increasing study, the interaction, 

at least in vitro, between all these mechanisms and especially 

between specific and non-specific types is becoming 

increasingly apparent. 

IMMUNITY TO FHV 1 

Several workers have studied the SN Ab response of cats 

after exposure to FHV 1 (Povey and Johnson, 1967; Walton, 

1968; Walton and Gillespie, 1970). Results of this early work 

indicated that immunity in recovered cats was not necessarily 

associated with detectable SN Ab, and that furthermore 

seroconversion could occasionally occur in the absence of 

disease. Gaskell and Povey (1979) showed that 40% of cats were 

seropositive by 20 days after infection, 73% by 40 days, and 

that seroconversion tended to coincide with cessation of virus 

shedding. T"l0 cats had undetectable titres again by 52 days, 
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and in contrast, one cat did not seroconvert until after a 

corticosteroid-induced episode of FHV 1 recrudescence. Thus 

cats may occasionally develop latent infections in the absence 

of detectable SN Ab. Mean SN Ab titres in cats after primary 

infection were low with a mean titre of 1 in 12.4 (range 1 in 

4-1 in 64). Gaskell (1975) demonstrated that, after the 

initial episode of recrudescence, a significant rise in SN Ab 

titre occurred in 19 of 23 cats. Interesting parallels exist 

between this situation and the rapid HSV latency mouse model 

of Sekizawa et al., (1981) where development of SN Ab in 

seronegative carriers was used to detect recrudescence. Once 

FHV 1 antibody levels were high, titres tended to be 

relatively constant in carriers even in the absence of virus 

shedding and subsequent recurdescences did not consistently 

raise the titre. SN Ab titres rarely exceeded 1 in 256 and the 

maximum recorded was 1 in 1024. A similar situation exists 

with persistent HSV infection in man (Lopez and O'Reilly, 

1977) . 

Immune assays based on haemagglutination inhibition 

(Gillespie et al., 1971; Mochizuki et al., 1979a, b, c), 

Immunodiffusion (Tan and Miles, 1971), and complement fixation 

(Tan, 1970) have been described for FHV 1, but none have been 

used routinely for assessment of FHV 1 immune status. Wardley 

et al., (1976) described a preliminary investigation of the 

likely efficiency of Ab-complement-mediated lysis, ADCC and 

direct cytotoxicity in limiting the spread of FHV 1 in vitro. 

Four FHV recovered cats were shown to perform the first two of 

these functions, although only some cats on some occasions 

performed direct cytotoxicity. It is possible that genetic 

restriction between effectors of direct cytotoxicity and 

targets confused this situation, or that a natural killing 

phenomenon was involved. ADCC and Ab-complement lysis operated 

from about the time of infectious intracellular virus 

production and spread by the intra-cellular route, and thus 

may be important in limiting virus spread. The ADCC effector 

was thought to be a lymphoid cell, although macrophages could 

also mediate it. 
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The direct lymphocyte-mediated killing operated from the 

time of extra-cellular virus appearance, and thus was less 

likely to be capable of limiting virus spread. 

APPLICATION OF ANTIBODY AND COMPLEMENT-MEDIATED LYSIS AND 

LYMPHOCYTE TRANSFOID4ATION ASSAYS TO A FHV 1 SYSTEM 

Current work aims to extend this in vitro approach to 

studies of the latently infected carrier cat using assays of 

Ab-complement lysis, lymphocyte transformation (LT) , ADCC, T 

cell killing in authochthonous systems and natural killing. 

~mTERIALS AND METHODS 

A local FHV 1 isolate (GB P79 was used at the 7th passage 

grown in Crandell Feline Foetal Kidney Cells (Cr FK, Passages 

120-150) and cultured in Eagle's MEM (Wellcome) supplemented 

with 4% heat-inactivated foetal calf serum, antibiotics and 

NaHC0 3 . Feline complement consisted of fresh cat serum stored 

at -70°C, and FHV 1 antiserum was pooled (heat inactivated) 

serum from FHV recovered cats. 

Antibody-complement lysis assay 

The method of Wardley et al. (1976) was adapted, using a 

2-hour incubation with previously determined optimal concen­

trations of feline complement (50 ml) and FHV 1 antiserum 

(100 ml). Briefly, confluent Cr FK mono layers about 2x10 6/dish 

were infected at a mUltiplicity of 1, and at 17 hours pi were 

labelled with 80 ~ Ci Na51 2cro4 (Amersham International Ltd.) 
5 for one hour. Targets were harvested and suspended at 2x10 /ml 

in MEM. 100 ~l of targets were incubated with antiserum and 

complement as described above. Controls included complement 

alone, antiserum alone and uninfected targets. At the end of 

incubation, 100 ~l aliquots were counted for radioactive 

release and results expressed as % specific lysis = 
test cpm - background cpm 

x 100% 

total cpm- background cpm 
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Lymphocyte transformation assay 

Culture medium was removed from FHV 1 infected Cr FK, and 

monolayers were U.V.-irradiated to inactivate infectious 

virus. Whole cells were resuspended at a previously determined 

suitable concentration of 1.2xl05 /ml in RPM I 1640 medium (Flow 

Laboratories), supplemented with 10% foetal calf serum, 476 mg 

HEPES, 2.0g NaHC03 , and 300 mg L-glutamine per litre plus 

antibiotics. Antigen was stored at -70°C. Control antigen 

consisted of uninfected CrFK treated as above. Concanavalin A 

(Sigma No. C-2020) was used at 10 ~g/well. Whole heparinized 

blood was diluted 1:20 in RPMI medium. 150 ~l were then 

incubated with 50 ~l of Con A (3 days), or FHV antigen (7 

days) in 96 well round bottom microculture plates (Nunclon). 

Controls included medium only and uninfected cell antigen. 

Plates were pulsed with 0.5 ~ Ci tritiated thymidine (Arnersham 

International Ltd.) in 50 ~l RPMI for 6 hours after the end of 

incubation and harvested on a Skatron automatic cell 

harvester. Paper discs were immersed in Scintran Cocktail T 

(BDH) and B emissions counted. Stimulation ratios were 

calculated as SR = 

test cpm 

control cpm 

RESULTS AND CONCLUSIONS 

In vitro virus - host system 

Fig. 1 shows a single step growth curve for GB P7 in CR 

FK cells. Infectious intracellular virus titres began to rise 

at 8-9 hours pi, and the extracellular release of virus 

commenced about 4 hours later. Spread of virus by the 

intracellular route, as shown by an infectious centre assay, 

occurred at 8-9 hours pi. 

Antibody and complement-mediated lysis 

Complement activity was rapidly diluted out and abolished 

by the heat inactivation of Factor B at 50°C, for 20 minutes 

(Fig. 2), indicating involvement of the alternative pathway of 
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Fig. lOne-step growth curve for GBP 7 isolate of FHV-1 
in Crandell Foetal Kidney Cells. 

lysis at 7-8 hours pi (8 hour lysis increase significant at 

p 0.01), (Fig. 3) which was one hour before virus spread 

began, and thus this mechanism could be useful in limiting FHV 

1 in cats with pre-existing Ab titres. This data confirms the 

observations of Wardley et al. (1976). 

Lymphocyte transformation 

Stimulation ratois increased with time post infection of 

antigen, peaking at 11 hours pi, which was one hour before 

extracellular release of virus, and increased with the number 

of days of culture. The 11 hour antigen and a 7-day culture 

time were routinely used. Mean SR of 9 FHV 1 recovered cats 

were 21.7 ± 14.4 SD (range 5.3-48.7) and was concistently less 

than 1.5 for 9 non-FHV 1 exposed cats. 

Studies in FHV recovered cats 

It is intended to subject FHV 1 recovered cats (82% of 

which will be carriers - Gaskell and Povey, 1977) to natural 

stresses known to provoke recrudescence of the latent virus, 

and to observe these and other immune parameters sequentially. 
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Fig. 2 variation of antibody complement lysis with 
dilution of complement, and inactivation of complement at 
50°C for 20 minutes. 

One such stress is rehousing, shown to induce recrudescence of 

FHV 1 in 18% of cats on 15% of occasions. (Gaskell and Povey, 

1977). A group of 20FHV-recovered cats are under study. To 

date 4 cats have been rehoused in isolation, but no detectable 

virus shedding occurred. No distinct changes in lymphocyte 

transformation in response to Con A or FHV 1 antigen were 

observed in the 7 days prior to stress, or during the 

subsequent 21 days. Investigations of this and other immune 

parameters in recrudescent FHV 1 infection continue. 

Such sequential studies in the cat are severely limited 

by its relatively small blood volume (especially for assays of 

CMI activity requiring isolated leukocytes). However, the cat 

provides a useful model of a herpesvirus infection in the 

natural host, with a well characterized carrier state 
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dilution of complement, and inactivation of complement at 
50°C for 20 minutes. 

epidemiology, and future immunological studies should 

contribute to the wider understanding of the interaction 

between alphaherpesvirus and host. 
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The restriction patterns of genomes of twelve different 
field isolates of PrV were analyzed. All were found to differ. 
In most cases, the basis of the differences in restriction 
patterns was found to lie in the acquisition or deletion of 
sequences which appear to be nonessential to the productive 
infection of RK cells. Mutagenesis of a laboratory virus stock 
also resulted in the isolation of mutants with similar 
modifications in their genomes. 

The difference in the restriction patterns of the 
different genomes of the PrV isolates was exploited to 
ascertain whether superinfection of swine which had previously 
been exposed to PrV would result in colonization of the ganglia 
by the super infecting strain. Colonization of the ganglia by 
the super infecting virus strain was not observed; only the 
strain used for the primary infection was recovered from the 
ganglia of these animals. 

Attempts to study the state of the viral genome and its 
expression in the latently infected ganglia using "Southern" 
and "Northern" blotting techniques, as well as in situ DNA-RNA 
hybridization, were unsuccessful. No hybridization signals were 
obtained with probes which should have detected one viral 
nucleic acid molecule per twenty cells. However, sequence 
homologies between some regions of the viral genome and some 
regions of the genome of the pig cells were observed. 

INTRODUCTION 

Interaction of pseudorabies (Pr) virus with susceptible 

cells is in most cases productive, resulting in cell death and 

the production of progeny virions. However, Pr virus also 

remains in a latent state in animals which have recovered from 

disease and virus may be isolated for relatively long periods 

of time from a number of organs of animals which have recovered 

from infection (Sabo, 1969; Sabo and Rajcani, 1976; Beran et 

al., 1980). After virus can neither be detected nor recovered 

from most organs, it still is present in the trigeminal ganglia 
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(Beran et al., 1980i Rziha et al., 1981i Easterday and 

McGregor, unpublished results) and can be recovered by 

cocultivation with susceptible cells. 

Attempts to induce virus shedding in swine that have 

recovered from experimental infection with Pr virus, using 

agents effective in inducing the shedding of HSV in man, were 

not successful at first (McFerran and Dow, 1964i Sabo and 

Rajcani, 1976). However, under stress (severe climatic 

conditions (Howarth, 1969) or after immunosuppression (Mock et 

al., 1980i Rziha et al., 1981) reactivation of virus in the 

latently infected pigs will occur. Furthermore, spontaneous 

shedding of Pr virus from a postparturient sow in isolation has 

been reported (Davies and Beran, 1980). Thus it appears that in 

animals which recover from infection, Pr virus enters a latent 

state in the trigeminal ganglia and that under certain 

conditions, virus may be reactivated and shed without the 

appearance of clinical signs. It is well established that the 

presence of circulating antibody does not prevent release of 

virus (see, for example, Sabo, 1969i Beran et al., 1980i 

Wittmann et al., 1980). 

That Pr virus remains associated with the ganglia of 

latently infected pigs was corroborated by the detection of 

viral DNA in these tissues using cRNA-DNA hybridization 

(Gutekunst, 1979i Gutekunst et al., 1980). Furthermore, Rziha 

et al. (1981) detected approximately 5-6 genome 

equivalents/cell in the brain or cortex of animals 11-13 weeks 

after infection. Thus, the PrV genome can be detected in the 

ganglia of swine, however, little is known about its molecular 

state. 

Another important question, unanswered at present, is 

whether colonization of the ganglia by Pr virus will be 

prevented in immune animals. This question relates to the 

efficacy of immunization against latent viruses, such as the 

herpesviruses, i.e., whether immunization will prevent not only 

disease but also the establishment of the virus in the ganglia 

and the consequent potential shedding of virulent virus 

throughout life. 
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Temporary shedding of virus occurs either spontaneously or 

after challenge of immune animals with virulent strains. Thus, 

when animals were vaccinated with an attenuated strain of PrV 

and then challenged with a virulent strain, release of virulent 

virus, i.e., its multiplication and dissemination, was observed 

despite the presence of serum antibody (Sabo, 1969; Sabo and 

Grunert, 1971). However, Gutekunst and Pirtle (1979) reported 

that upon infection of swine, which had been previously 

immunized with an inactivated vaccine, excretion of virus was 

considerably less copious and occurred for a shorter period 

than in nonimmune swine. The finding that replication of 

virulent virus occurs in immune pigs is not surprising since 

virus is sometimes shed by animals which have recoverdd from 

the disease and are therefore immune. Whether shedding of the 

virus after infection of immune animals is temporary or whether 

the virus can colonize the ganglia of animals which may 

sporadically shed virus thereafter remains to be ascertained. 

If colonization of the ganglia by super infecting virus were 

inhibited in immunized pigs, long term spread of the virulent 

strain would not occur. 

The experiments that shall be discussed relate to the 

following two questions: 

(1) Will colonization of the ganglia occur after 

superinfection of swine which had previously been exposed to Pr 

virus? 

(2) What is the state of the Pr virus genome in the 

ganglia of latently infected swine and are some of the viral 

genes expressed in these latently infected ganglia? 

Because the variability of the restriction patterns of the 

genomes of different isolates of Pr virus forms the basis of 

the rationale for some of the experiments that we have 

performed, information dealing with the genome variability of 

the virus will be discussed first. 
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Differences in restriction enzyme patterns between genomes of 

different field isolates, as well as between different mutants 

of Pr virus 

Restriction endonucleases generate fragments of DNA at 

distinct positions on the genome where given recognition 

nucleotide sequences occur. The number and sizes of the 

fragments generated from different populations of molecules 

therefore yield information about their genetic makeup. Thus, 

if cleavage of the DNA of two different strains of virus by a 

given enzyme generates fragments which differ in their number 

and sizes, genetic heterogeneity between the two strains 

exists. Genetic heterogeneity, based on differences in 

restriction fragmentation patterns between strains of herpes 

simplex virus (HSV), as well as of cytomegalovirus, is well 

decomented (Hayward et al., 1975; Kilpatrick et al., 1976). 

These differences are useful in epidemiological studies 

(Buchmann et al., 1979). 

We have analysed the genomes of several isolates of Pr 

virus recovered from different epidemics of pseudorabies and 

have found, not surprisingly, that their restriction 

fragmentation patterns differed (Figs. 1 and 2). Indeed, 

Herrman (1981) has previously reported differences between some 

isolates of Pr virus. All the different field isolates we have 

analyzed (a total of 12) could be differentiated from one 

another on the basis of their restriction patterns. 

The differences in migration patterns of the restriction 

fragments between different isolates could be due to a loss of 

cleavage sites (generating fusion fragments), deletions or 

insertion of nucleotide sequences (thereby yielding smaller or 

larger fragments), or translocation of sequences from one 

region of the genome to another (thereby also changing the 

sizes of the fragments). 

We have analyzed the restriction digests of the DNA of 

different strains of Pr virus to determine the basis for the 

differences in migration patterns of the restriction fragments. 

To determine the identity of the various DNA bands, and to 

determine whether translocation of genes from one area of the 
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genome to another had occurred, we hybridized nicktranslated, 

cloned fragments from our laboratory strain (Ka) of Pr virus to 

the restriction fragments generated by digestion of the DNA of 

different isolates fixed to nitrocellulose filters (Southern, 

1975). No translocation between sequences present in a given 

fragment of the Ka strain to a different fragment was found in 

ISOLATES ISOLATES 

Fig. 1 Autoradiograms of 32P-1abeled Bam HI-digested 
DNA obtained trom different field isolates of PrV. Numbers 
indicate the different isolates. Sul: PrV (Sullivan 
Strain). Ka: a PrV strain obtained originally from Richard 
Shope and carried for the last 25 years in our laboratory. 

any of the isolates that were analyzed and the total 

colinearity between the genes of the different strains seems to 

have been retained in all cases (data not shown). Furthermore, 

analysis of the genomes of twelve different isolates after 

digestion with 3 different restriction enzymes (see Fig.3) 

which give a total of more than 60 cleavage sites on Pr virus 

DNA showed that only two had lost a restriction site,i.e., 
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instead of the two restriction fragments normally found, a 

fusion fragment was observed. 

Differences in the migration patterns of fragments 

generated from most regions of the genome were observed. 

However, the regions of the genome which differed most 

frequently were located within the inverted repeat, as well as 

near the left end of the genome. A summary of the results 
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A Ko I I Sui Ko 10 8 7 5 3 2 

~ A 
I 

G 
H 

Fig. 2 Autoradiograms of 32P-labeled Kpn I digests of 
DNA obtained from different field isolates of PrV (see 
Fig. 1) . 

obtained with two represen~ative Bam HI fragments (Fig.3) show' 

that they varied by as much as 35%. Thus, it appears that 

acquisition or deletion of sequences within different regions 

of the genome are the reason for the diff e rences in sizes of 

the fragments generated from different isolates and that 

nonessential sequences, which can be deleted without loss of 

viability, are present at various positions along the genome of 

some Pr virus isolates. 

A variation in the restriction patterns of the genomes of 

mutants that have been isolated in our laboratory, which 
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genetically behave as being mutated in a single gene (Ben-Porat 

et al., 1982; Ihara et al., 1982) was also observed (Fig.4). 

Interestingly, the regions of the genome that were modified in 

the mutants were not necessarily near the regions in which the 

mutations had been located by marker rescue (Ihara et al., 

1982). Such variation in the restriction patterns of the mutant 

genomes were observed after selection of TK mutants using 

exposure of the infected cells to increasing amounts of Ara-T 
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2 •• 

2 •• 
2.2 

2.' 
2 •• 
2 •• 

I I 
0.8 0.9 1.0 

Fig. 3 Restriction maps of the DNA Ka strain. These 3 
restiction endonuc1eases were used to analyze the 
different field isolates. The underlined regions on the 
Sal I ~ap are composed of small fragments (smaller than 
O.5x10 daltons) and have not been mapped. The variation 
in sizes of two representative Bam HI fragments present in 
the restriction digests of the genomes of five of these 
isolates are also indicated. 

(a procedure which is probably mutagenic), as well as after 

mutagenesis by ultraviolet light irradiation, nitrosoguanidine, 



372 

and BUdR. Although, to avoid the isolation of multiple mutants, 

the doses of the mutagen were kept low (survival of infectious 

virus was 2-10%), secondary nonlethal mutants nevertheless 

must have been introduced into many of the genoms as indicated 

by the differences in the restriction patterns of the DNA of 

these mutants and that of the parental wild type virus. Thus, 

the genome of Pr virus appears to allow for a high degree of 

pleomorphism. After mutagenesis, changes in the restriction 

patterns of the DNA resulting from acquisition or deletion of 

sequences can arise at relatively high frequency. On the other 

hand, repeated plaque purification of the same isolates (data 

not shown), as well as passage of any given strain in animals 

(see below), does not change the restriction pattern of the 

genome. 

Bam - H I 
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Fig 4 Variation in restriction patterns of the DNA of 
various mutants obtained by mutagenesis of PrV (Ka 
strain) . 



Can super infecting virus colonize the ganglia of previously 

infected animals? 

373 

To determine whether super infecting virus colonizes the 

ganglia of immune animals, we took advantage of the 

availability of virus strains which differ from one another in 

their DNA restriction patterns. An experiment was designed to 

determine whether pigs which had survived primary infection 

with one strain of Pr virus and were then superinfected with 

another strain would harbor only one or both strains of virus 

in their ganglia. 

Weanling pigs (4-6 weeks of age), all negative for serum 

neutralizing antibody against Pr virus, were exposed to the 

virus (Pr Sullivan strain) by intranasal instillation of 10 5 

PFU per pig. Thirty-five percent (7/20) of the pigs died within 

two weeks following exposure to the virus. All surviving pigs 

were bled for antibody determination 33 days after infection; 

all had significant levels of antibody to Pr virus (data not 

shown). At periodic intervals thereafter, some of the pigs were 

killed and fragments of various tissues were cocultivated with 

either rabbit kidney (RK) or swine testis (ST) cells. 

At 24 weeks of age, five of the pigs which had been 

exposed to PrV (Sullivan strain) and three pigs which had not 

been previously exposed to PrV were bled (for serology) and 

inoculated intranasally with 10 5 PFU of PrV (isolate 7). All 

pigs were observed for signs of disease. The three seronegativ 

pigs (622, 630, 674) had fevers 3 to 4 days after inoculation 

while the pigs which had been pre-exposed to Pr virus showed no 

sign of the disease. At different times the animals were killed 

and fragments of various tissues were cocultivated with RK 

cells. 

Tables 1 and 2 summarize the results of this experiment. 

Of all the tissues obtained from the latently infected or 

super infected animals, virus could be recovered from the 

trigeminal ganglia only. Similarly, virus could be recovered 

only from the trigeminal ganglia (and in one case from the 

parotid gland) of pigs which were infected for the first time 

at 24 weeks of age (Table 2). When younger pigs (4-6 weeks old) 
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were similarly inoculated, virus could be recovered from a 

variety of tissues by 6 days after infection (data not shown). 

PrV (Sullivan strain) can easily be distinguished from PrV 

(isolate 7) by restriction endonuclease analysis (see Figs. 1 

and 2). To determine whether the superinfecting strain of virus 

had colonized the ganglia, the DNA of the virus population 

recovered by cocultivation of the ganglia with RK cells was 

analyzed by restriction endonuclease digestion (Fig. 5). Only 

the virus strain used for the first infection (PrV Sullivan) 

could be recovered from the ganglia of the superinfected 

animals. This was true for animals which had high, as well as 

lower, levels of circulating neutralizing antibodies at the 

time of superinfection (see Table 2). That the superinfecting 

strain (PrV-isolate 7) can colonize the ganglia is shown by the 

fact that it was consistently recovered from the ganglia of 

matched controls which had not been pre-exposed to PrV. 

TABLE 2 Pr virus recovery after cocultivation of various 

tissues obtained from animals inoculated as 

summarized in Table 1 

Pig Tonsils 

No. 

Submax. 

lymph 

node 

Submax. Trigem. 

salivary ganglia 

gland 

Parotid Brain 

gland (Temporal 

743 

799 

128 

600 

741 NO 

845 NO 

746 NO 

622 NO 

630 NO 

674 NO 

NO, not done. 

+ 

+ 

NO + 

NO + 

NO + 

+ 

+ 

+ 

NO 

NO 

NO 

+ 

lobe) 

NO 

NO 

NO 
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As mentioned in the introduction, reinfection, as well as 

virus shedding, of immunized pigs is well documented. In the 

experiment described above, colonization of the ganglia by the 

Sui Iso 7 Sui Sui Sui Iso 7 Sui 

13 

14 

P.g 100 874 741 745 741 122 799 

2 
3 

4 
5' 

56 
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I ~ 

9 

I~ 

11 

1 2 

13 

Fig. 5 Restriction patterns obtained after digestion of 
the DNA obtained from vir ions recovered by cocultivation 
of ganglia of swine with RK cells subjected to different 
protocols of infection and superinfection. The protocol of 
the experiment is summarized in Table 2. 

superinfecting strain did not occur. However, colonization of 

the ganglia upon superinfection may be dependent on the gene ral 

condition of the animal as well as upon its immunological 

status and we cannot therefore state unequivocally that it will 

not occur under any conditions. 
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Information is available indicating that colonization of 

the ganglia after superinfection with HSV also does not occur. 

While individuals previously infected with HSV-2 can be 

reinfected by a different strain of that virus (Buchman et al., 

1979), the ganglia of a given individual all appear to be 

infected with a single strain of HSV only, indicating that 

colonization of the ganglia by superinfecting strains may not 

occur (Lonsdale et al., 1979). Experiments with animal models 

also indicate that active immunization against HSV prevents 

colonization of the ganglia (Price and Schmitz, 1979; 

Centifanto et al., 1982). Thus, it appears, the information 

available to date indicates that colonization of the ganglia by 

super infecting strains of both HSV and PrV does not occur in 

actively immunized animals. 

Studies on the State and expression of the genome of PrV in 

latently infected ganglia 

As mentioned above, PrV is latent in the sensory ganglia 

of swine as is HSV in man. Before embarking on a description of 

the experiments that we have performed dealing with the state 

and expression of PrV in the ganglia, it is useful to summarize 

the information available concerning the state and expression 

of the HSV genome in latently infected ganglia, a subject of 

intense study in several laboratories. 

Pug a et al. (1978) found low levels of viral DNA but no 

detectable amounts of viral RNA (indicating that the genome may 

not be transcribed) in the ganglia of mice latently infected 

with HSV. On the other hand, viral thymidine kinase activity 

was detected in these ganglia by Yamamoto et al. (1977). 

Whether transcription had occurred but was undetected in the 

latently infected ganglia or whether the thymidine kinase 

activity detected was a remnant of the acute stage is unknown. 

However, the presence of thymidine kinase activity in the 

ganglia is interesting in view of the important role this 

enzyme appears to play in the colonization of the ganglia 

(Tenser et al., 1979). 

That part of the viral genome may be transcribed in 

latently infected ganglia was also indicated by the report that 
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immediate-early proteins, but not capsid proteins, were 

detectable in some neurons of rabbits latently infected with 

HSV (Green et al., 1981). 

The expression of the viral genome has also been 

investigated using DNA-RNA in situ hybridization (Galloway et 

al., 1979; Tenser et al., 1981). Using this sensitive method, 

viral RNA was detected in the neurons of latently infected 

guinea pigs, as well as in human ganglia obtained at autopsy. 

Furthermore, using cloned restriction fragments of viral DNA as 

probes, it was found that transcripts complementary to some 

regions of the HSV genome only were detectable in the neurons 

(Galloway et al., 1982). Since transcripts of only some regions 

of the genome were found in these latently infected ganglia, it 

is unlikely that they reflect a slow lytic cycle resulting from 

inactivation of the virus. 

From the evidence summarized above, it appears that some 

functions of the viral genome may be expressed in ganglia 

latently infected with HSV. However, the state of the HSV 

genome, as well as its expression in latently infected ganglia, 

is far from clear. 

It has been estimated that few of the cells (0.1%) in the 

trigenimal ganglia of latently infected mice (one of the model 

systems used for the study of latency of HSV) harbor the viral 

genome (Walz et al., 1976). Because of the paucity of viral 

genomes, it is therefore difficult to study the state of the 

viral genome in this system. Gutekunst (1979) reported the 

detection of PrV DNA in latently infected ganglia of swine 

using conditions of hybridization which would detect this DNA 

only if several copies were present per cell. Furthermore, 

Rziha et al. (1981) found that several genome copies per cell 

were present in the brain and cortex of latently infected pigs. 

It appeared therefore that it should be possible to define the 

state of the Pr viral genome in the latently infected tissues 

of swine. 

We designed a set of experiments in which DNA extracted 

from latently infected ganglia was digested with appropriate 

restriction enzymes with the aim of establishing the following: 
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(1) Are most of the Pr genomes in the ganglion of latently 

infected swine in a linear form (the form of mature genomes) or 

are most in the form of circles or concatemers, i.e., the form 

in which the genomes are expressed and replicated (Ben-Porat, 

1982) and (2) are some of the viral genomes integrated into the 

cellular genomes? 

The DNA of latently infected ganglia was extracted and 

digested with a restriction enzyme (Eco RI) that does not 

cleave PrV DNA, as well as with a restriction enzyme (Kpn I) 

that introduces several cuts into the viral genome. The 

fragmented DNA was electrophoresed, transferred to 

nitrocellulose paper (Southern, 1975) and hybridized to 

nick-translated, cloned Pr viral DNA fragments. Reconstruction 

experiments in which various amounts of viral and RK DNAs were 

mixed, similarly digested, transferred to nitrocellulose paper, 

and hybridized to the labeled viral DNA probes showed that the 

techniques used were sufficiently sensitive to detect the 

presence of one viral DNA molecule per 20 cells. (The probes 

had a specific activity of approximately 2-5x10 8 cmp/~g). 
Distinct bands of DNA obtained from the ganglia of 

latently infected pigs hybridized to some of the probes of 

cloned viral DNA fragments. However, similar bands were seen 

when DNA from ganglia of seronegative pigs was analyzed. 

Furthermore, DNA extracted from uninfected cultured pig kidney 

cells but not rabbit kidney cells also gave hybridization 

signals with some cloned fragments of viral DNA. The bands of 

DNA which hybridized with the probes were, however, not in the 

position expected of viral DNA and we conclude therefore that 

they represent cellular DNA with sequence homology to some 

regions of the viral genome. Some of the clones of viral DNA 

did not have any detectable homology to cellular DNA. These 

clones also did not detectable hybridize to DNA extracted from 

ganglia of latently infected pigs. 

Our results thus show that few of the cells in the 

latently infected ganglia examined (less than 1 in 20) harbored 

the viral genome. Because the level of viral genomes was below 

detection by the methods used, we could not, of course, reach 
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any conclusions concerning the state of the viral DNA. 

Viral RNA should, in principle, be detected more easily 

than viral DNA because many transcripts can arise from a single 

genome. To clarify the degree of expression of the viral genome 

in the latently infected ganglia, we analyzed the tissues for 

the presence of viral RNA. To this end, ~WA was extracted from 

the ganglia, electrophoresed, transferred to nitrocellulose 

filters, essentially by the methods described by McMaster and 

Carmichael (1977) and Thomas (1980), and hybridized to cloned, 

nick-translated restriction fragments of PrV DNA. 

In productively infected RK cells, approximately 50 major 

species of mRNA hybridizing to different restriction fragments 

of DNA are easily detectable at late times after infection 

using probes with a specific activity of 2x10 7 cpm/~g. However, 

no RNA was detectable in preparations obtained from latently 

infected ganglia using a probe with a 10-fold higher specific 

activity (data not shown). Thus, if the genomes present in the 

latently infected ganglia are transcribed, RNA accumulation is 

below the level of detection we have used. 

Using in situ hybridization, Galloway et al. (1979) have 

demonstrated the presence of viral RNA in human ganglia 

obtained at autopsy. This technique has the advantage of 

detecting viral RNA in a single cell and thus, even if very few 

of the cells harbor the viral genome but the cells which harbor 

the genome, express at least part of it, viral RNA should be 

detectable within these individual cells. When this technique 

was applied to ganglia obtained from pigs latently infected 

with PrV, viral transcripts were not detected, even though the 

conditions used were similar to those which gave positive 

results with human ganglia (Galloway et al., 1979). 

Our results show that in ganglia of pigs which have 

recovered from infection with PrV (Sullivan strain) relatively 

few cells harbor the viral genome. Because of the paucity of 

viral DNA in these ganglia, our studies did not shed light on 

the state of the PrV genome in latently infected pig ganglia. 

However, the in situ hybridization technique used should have 

detected viral transcription (had it occurred) within the rare 

cell in the ganglia which harbors the genome. Since none was 
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observed, we tentatively suggest that in PrV latently infected 

ganglia transcription of the viral genome does not occur. 

The number of PrV genomes per latently infected ganglion 

in the tissues that we have analyzed is considerably lower than 

that found by others in similar tissues. Both Rziha et al. 

(1981) and Gutekunst (1979) have reported the presence of 

relatively high concentrations of viral DNA in the ganglia or 

brain tissue of pigs that have recovered from PrV infection. It 

is possible that the differences between our results and those 

previously published are due to differences in the strains of 

virus, the immune status of the animals, or both. 
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RESTRICTION ENDONUCLEASE PATTERNS OF THE GENOME OF 

AUJESZKY'S DISEASE VIRUS ISOLATED FROM LATENTLY INFECTED PIGS 

A.L.J. Gielkens 

Central Veterinary Institute, Department of Virology 
39, Houtribweg, 8221 RA Lelystad, The Netherlands 

ABSTRACT 
Latency of the virulent Northern Ireland Aujeszky three 

(NIA-3) strain of Aujeszky's disease virus (ADV) was 
established in seronegative pigs, vaccinated pigs and pigs with 
high maternal antibody. The latent virus was reactivated by in 
vivo and in vitro methods (Van Oirschot, these proceedings). 

The present study was conducted to determine whether the 
viruses isolated after primary infection and reactivation were 
identical based on DNA restriction profiles. 

Four months after infection of maternal immune pigs with 
NIA-3, virus was reactivated by corticosteroid treatment. Virus 
recovered from oropharyngeal fluid (OPF) samples was grown in 
pig kidney cells and infected cell DNA was analysed with the 
restriction endonuclease Bam HI in combination with Southern 
blot hybridization (Gielkens and Berns, 1982). The DNA fragment 
patterns of viruses isolated from swabs after primary infection 
and corticosteroid treatment were shown to be parental-like. 
However, they both revealed an additional Bam HI DNA fragment 
of approximately 3 kb, not present in the parental NIA-3 virus 
stock. Virus isolated from cultured ganglionic tissue of these 
pigs showed the same pattern. We are presently characterizing 
the 3 kb DNA fragment to determine whether it originates from 
defective genomes. 

By analysis of DNA of virus isolated from ganglionic and 
tonsillar tissue of several seronegative pigs infected with 
NIA-3 1-2 months previously, it was shown that the restriction 
profiles were identical to that of NIA-3 isolated shortly after 
primary infection (NIA-3 pi). 

In OPF of pigs intranasally vaccinated with Bartha's K 
strain virus can be detected for several days after 
vaccination. The DNA-fragment patterns of these isolates were 
shown to be Bartha-like. After challenge of these pigs with 
NIA-3 some virus containing OPF samples were grown in pig 
kidney cells and infected cell DNA was analysed. The bam HI 
restriction profiles obtained were indistinguishable from that 
of NIA-3 pi. Ten weeks after challenge the pigs were treated 
with corticosteroids and sentinel pigs were introduced (Van 
Oirschot, these proceedings). Again, virus isolated from the 
reactivated pigs and the sentinel pigs could not be 
distinguished from the NIA-3 pi isolates. No evidence was 
obtained for simultaneous excretion of the avirulent Bartha's K 
strain. 

In conclusion, by restriction endonuclease analysis of ADV 
reactivated from latently infected pigs, it was shown that the 
state of the viral genome during establishment and maintenance 
of the latent phase presumably does not result in structural 
changes in the viral DNA. 
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About 150 isolates of pseudorabies virus were collected 
worldwide from fatally infected piglets, cattle and 
carnivores. Their DNAs were analysed by restriction enzmye 
cleavage and compared with the published physical map of a 
standard strain. In addition, four vaccine strains were 
included in the investigation. Four main genome groups were 
evident, clustering in distinct geographic areas (Northern 
Europe, Middle Europe and Thailand). Isolates within these 
genome groups can additionally be subdivided according to 
epizootiological relatedness. Nucleotide sequence homology of 
the DNAs derived from the different groups was ascertained by 
hybridization. The DNA patterns of the four vaccine strains 
are slightly different from those of wildtype strains and 
there is evidence that two of the vaccine strains have a 
deletion in the short unique region of the genome. 

INTRODUCTION 

Two taxonomically distinct viruses have been isolated 

from pigs: suid herpesvirus 1, better known as pseudorabies 

(PsR) virus, and suid herpesvirus 2, pig cytomegalovirus. 

According to clinical specificity and genome structure, they 

are classified as members of the alphaherpesvirinae (PsR 

v~rus) or betaherpesvirinae (pig cytomegalovirus) , 

respectively (Roizman et al., 1981). 

As the causative agent of Aujesky's Disease, PsR virus is 

of economic importance throughout the world (Aujeszky, 1902). 

Besides young pigs, a variety of carnivores and other animals 

are fatally infected, whereas adult pigs seem to be the latent 

carriers (Wittmann and Hall, 1981). Different attenuated 

strains have been developed and are used with more or less 

success as vaccines (Bartha, 1961; Tatarov, 1968; Toma et al., 

1979) to prevent the serious losses caused by the disease. 

Real protection of mammals against wildtype virus has not been 

proven. 
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Herpes simplex virus isolates of different origin could 

be separated according to the number and distribution of 

restriction endonuclease cleavage sites in their DNAs (Hayward 

et al., 1975). More recently this fingerprinting technique was 

used to follow the spread of HSV in the popUlation (Buchman et 

al., 1979; Buchman et al., 1980). Meanwhile the restriction 

enzyme analysis of DNA was successfully applied to several 

other members of the herpesgroup, e.g., EBV (Dambough et al., 

1980), CMV (Huang et al., 1980), BHV (Engels et al., 1981; 

Ludwig, 1982), EHV (Studdert et al., 1982), herpesvirus 

saimiri (Desrosiers and Falk, 1982) and VZV (Martin et al., 

1982). As with other DNA viruses (Wadell et al., 1980; Faras 

et al., 1980) the goal of these DNA analyses was to correlate 

differing clinical entities with genome types or variations in 

the genome (Engels et al., 1981; Studdert et al., 1982; Pauli 

et al., 1982). 

Restriction enzyme analysis of PsR virus isolates 

elucidated genome differences and resulted in a 

differentiation of wildtype isolates and vaccine strains 

(Herrmann, 1981; Ludwig et al., 1981; Gielkens and Berns, 

1981; Lomnici pers. corom.). Similar differences between 

wildtype and vaccine strains have been observed using BHV-l 

(Engels et al., 1981), EHV-l (Studdert et al., 1982), and VZV 

(Martin et al., 1982). 

The purpose of this report is to see whether the observed 

heterogeneity in PsR viruses could be split up into defined 

genome types. The study was extended to 150 strains, obtained 

from different parts of the world. The results show that four 

major genome types emerge in this serologically uniform virus 

and that these genome types seem to result from the evolution 

of viruses in distinct geographic regions. 

RESULTS 

The origin and designation of PsR virus isolates used in 

this study are listed in Table 1. All viruses were grown on 

mink lung cells and were used for these investigations at the 

third to fifth passage from isolation. Viral DNA was extracted 



TABLE 1 

Number 
of 
strains 

1 

2 

1 

4 

16 

3 
31 

23 

4 

6 

29 

7 

3 

2 

6 

5 

4 

Origin and description of PsR virus strains 

Origin and 
description 

Date of Animal 
isolation 

Genome group 

Denmark Kors¢r 
(Borgen H.C.) 
Denmark 
(Bitsch V.) 

1962 

1981 

1969 USA DEK 
(Plummer G.) 
{Schleswig-

or earlier 
1967 

Holstein 
( Zimmermann Th.) 
as above 

as above 
as above 

1980 

1981 
1982 

Berlin 1979-1982 
(Hentschke and 
own isolations) 
Belgium 1980 
(Pastoret P. -P. ) 
Oldenburg 1980 
(Hirchert R.) 
Detmold 1980 
(Ulrich L.) 

Frankfurt 
(Frost J.W.) 

1980 

Hannover 1978,1979 
(LieB B.) 
Japan 1981 
(Shimiza) 
Thailand 1981 
(Lohri G.T.Z.) 
Sweden 1982 
(Morein) 
Vaccine strains gift 
(Toma B.) 

cattle III 

pig, III 
cattle 
not known II 

pig 

pig,dog, 
cat 
pig 
pig,dog, 
cat, 
cattle, 
mink 
dog,cat 

pig,cat, 
cattle 
pig,dog 

pig,dog, 
cat, 
cattle, 
bear,fox, 
sheep 
not known 

Ii* 

Iii II, 
IIi 
Ii, II 
mainly II, 
IIi (5), 
Ii (2) 

mainly II or 
IIi, few Ii 

I 

Ii, II, IIi 

mainly II or 
IIi, few Ii 

Ii, II, IIi 

pig, I, II 
cattle 
pig II 

pig II (1), IV 

pig, III 
mink,fox 

similar I 

i* intermediate 

389 



390 

either from virions or from infected cells according to 

previously published procedures (Darai et al., 1975; Pignatti 

et al., 1979). DNAs were digested with the following 

restriction endonucleases: Bam H I, Bst Ell, Kpn I, Hind III, 

and Bgl II. Using a PsR strain originally characterized by 

Kaplan (1969) physical maps of the cleavage sites have been 

published (Ben-Porat et al., 1979; Rixon and Ben-Porat, 1979; 

Ben-Porat et al., 1980). 

The 150 PsR virus strains used in this study could 

clearly be grouped into four major genume types when Bam H I 

was used as the discriminating enzyme (Fig. la, b). Bst E II 

did not separate the groups I and II of this classification 

(Fig. 2a). With the other enzymes: Kpn I (Fig. 2b), Bgl II or 

Fig. 1a DNA cleavage patterns of PsR virus isolates 
digested with restriction endonuclease Bam H I, indicat­
ing genome types (groups): Lane 1 genome type II inter­
mediate; Lanes 2, 3 and 10 genome type II; Lanes 4, 5 and 
6 genome type I intermediate; Lanes 7 - 10 genome type I; 
Lanes 11 genome type III; Lane 12 molecular weight 
marker. DNA fragments were separated by electrophoresis 
on a 0.8% agarose gel at 40 V for 20 hours, stained with 
ethidiumbromide (l~g/l) and photographed under UV 
transillumination with a Polaroid Land camera . 

Hind III (data not shown) only a limited distinction between 

the viruses was possible. Isolates within the main groups vary 
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Fig. lb DNA cleavage patterns of PsR virus isolates digested 
with restriction endonuclease Bam H I indicating genome types 
(groups): Lanes 1 - 5 genome type IV; Lanes 6 - 11 genome type 
III. Conditions of separation and visualization were as in 
Fig. 1 

Fig. 2 age pa rns 0 ted 
with restriction endonuclease Bst E II indicating the 
different genome groups (designation according to Bam H I as 
well as to Bst Ell): Lanes 1 - 5 type IV (Bam H I) / type III 
(Bst Ell), Lane 6 type III (Bam H I) / type II (Bst Ell) 

Lane 7 type II (Bam H I) / type I v2 (Bst Ell) 
Lane 8 type II (Bam H I) / type I v2 (Bst Ell) 
Lane 9 type I (Bam H I) / type I vI (Bst Ell) 
Conditions were as in Fig. la. 
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Fig. 2b DNA cleavage patterns of PsR virus isolates 
digested with restriction endonuclease Kpn I, conditions 
as in Fig. 1a. 

slightly according to their epizootiological relatedness. The 

observed genome types correlate with certain geographic areas. 

The group I viruses are similar to or identical with the 

published Bam H I DNA pattern (Rixon and Ben-Porat, 1979); the 

group II strains lack one fragment (No.2) of group I but 

possess two new fragments (above and below fragment 4). The 

two groups represent viruses found in Middle Europe (Germany 

and Belgium). Intermediates of the two genome types do exist 

(Fig. 1a): variations of group I have an additional fragment 

below fragment 4, and variations of group II have only one new 

fragment above fragment 4. The frequency of genome type II 

together with its variation was about 75% in all the isolates. 

The distribution of the genome types and their intermediates 

must be seen in connexion with the time of the virus 

isolation. Virus strains isolated 10 years ago or prior 

(except strain DEK, which belongs to group II) are very 

similar or identical to the group I, whereas all the recent 

isolates, collected after 1979, resemble the group I variation 

(except 4 isolates derived from Belgium). In 1980 and 1982, 

when two collections of strains from the same area of Germany 
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Fig. 3 Hybridization of PsR DNAs of different genome 
groups using the Southern blot technique: 
Lane 1 PsR DNA of group IV; Lane 2 PsR DNA of group III; 
Lane 3 PsR DNA of group II; Lane 4 PsR DNA of group I; 
fragments of Bst E II digests transferred to gene screen 
membrane (NEN) were hybridized to nicktranslated 3H 
laoelled PsR DNA of group II and exposed to Kodak X-ray 
film (- 70oC, for 10 days). 
Lanes 5 and 6 Adeno 2 DNA Bst E II fragments hybridized 
to nicktranslated Ad 2 DNA 3H labelled. 
(We are grateful to B. Ehlers for performing the 
hybridization experiments) . 

were compared (see Table 1, Zimmermann), an obvious shift in 

the distribution of groups was observed. The frequency of 

genome type II was highest in the collection of strains 

received in 1982. 

The groups III (genome type III) and IV (genome type IV) 

are strictly limited to isolates originating from Northern 

Europe (Denmark, Sweden) and Thailand, respectively. The group 

III genome differed from group I only slightly in the Bam H I 

DNA pattern but was quite distinct in the Bst E II pattern. 

The group IV genome, however, differed widely in the 
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Fig. 4a DNA 
cleavage patterns of 
PsR virus vaccine 
strains and wildtype 
isolates digested 
with restriction 
endonuclease Bam H I: 
Lanes 1 - 4 vaccine 
strains 
(1 Bartha; 2 Dessau; 
both lack fragment 
No. 7 indicated as 
triangle; 3 Tatarov; 
4 Alfort). Lanes 5 
and 6 represent 
wild-type isolates. 
Conditions as in Fig. 
la. 

distribution of cleavage sites of both enzymes (Fig. lb, 2b). 

To ensure that the viruses were still PsR viruses, 

hybridization experiments were done using the Southern blot 

technique (1975). Nick-translated DNA of all four genome types 

recognized the DNA fragments of each type. A representative 

experiment where labelled DNA of the group II genome was used 

is shown in Fig. 3. All the strains uSJ~d for these studies 

could be neutralized by PsR virus specific antisera. 

Investigations to discriminate different genome groups by more 

refined techniques are in progress. 

The 150 strains represent viruses from Aujeszky's Disease 

outbreaks or from latently infected animals, since part of our 

isolates came from diseased dogs, cats or other carnivores 

which had eaten meat of healthy pigs. To see whether the 

widely used vaccine strains could be discriminated, 

representative strains were included in this investigation. 
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Fig. 4b DNA 
cleavage patterns of 
PsR virus vaccine 
strains and wildtype 
isolates digested 
with restriction 
endonuclease Kpn I: 
Lanes 1 and 2 
represent wild-type 
isolates; Lanes 3 and 
4, vaccine strains 
Bartha and Dessau, 
which both lack 
fragment I and have 
instead an additional 
fragment of lower 
molecular weight (all 
indicated by tri­
angle); Lane 5 
molecular weight 
marker; Lanes 6 and 7 
vaccine strains 
Alfort and Tatarov. 
Conditions as in Fig. 
lao 

Only the Bartha and Dessau strains were significantly 

different in their DNA pattern. Both viruses lack fragment 7 

of the Bam H I DNA pattern, and the Kpn I fragment I, which is 

known to map in the same genomic region, is also lost. 

However, in the Kpn I digest a new fragment of lower molecular 

weight appears (Fig. 4a, b). Moreov~, the corresponding high 

molecular weight fragments obtained after cleavage with Bgl II 

(D, E) show significant shifts compared to the standard type 

pattern (not shown). Based on the known PsR virus genome maps, 

our findings with Bartha and Dessau strains indicate that 

these DNAs have a deletion in the short unique region of the 

genome (Fig. Sa, b), the size of which is estimated to be 2.5 

x 106 Daltons at maximum. The two other vaccine strains, named 

Alfort and Tatarov, are more or less similar to wildtype 

strains (Fig. 4a, b). Generally speaking, all the vaccine 

strains can be grouped as type I. 
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Fig. Sa Physical maps of the restriction endonuclease 
cleavage sites in the genome of PsR virus DNA according 
to T. Ben-Porat (Rixon and Ben-Porat, 1979; Ben-Porat et 
al., 1979; Ben-Porat et al., 1980). 
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SHIFT 

DELET I ON 

0,05 0,1 0,15 0,2 
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Fig. Sb Part of the genome map of PsR virus: estimated 
deletion region of the vaccine strains Bartha and Dessau. 
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DISCUSSION 

A representative collection of PsR viruses of different 

countries, including vaccine strains, could be subdivided into 

four genome types. The findings indicate a clustering of 

distinct genomes peculiar to certain geographic regions. 

Nevertheless, within the genomic groups additional, slight 

variability can be observed, which is mainly due to molecular 

weight differences, and only in a few cases to the gain or 

loss of fragments. Although PsR viruses with different 

biological properties were isolated (Bartha, 1961i Lloyd and 

Baskerville, 1978), the virus is still considered to be 

serologically uniform. These studies have shown a considerable 

heterogeneity among PsR viruses. At the moment there is no 

definite correlation between genomic structure and virulence 

of these viruses. And so far the different genome types cannot 

be associated with distinct clinical entities. Much more work 

is necessary to map biologically important functions on the 

genome, before such genomic differences can be correlated to 

certain clinical manifestations of Aujeszky's Disease. This 

may prove to be difficult, since this virus is highly virulent 

in the vast majority of animal species, which die in a short 

time after infection. The rapid course of the disease 

certainly prevents the detection of more defined clinical 

symptoms. 

Efforts to use the DNA fingerprinting technique to find 

out which genomes may be correlated with certain kinds of 

clinical symptoms were successful in equine herpesviruses 

(Studdert et al., 1982), and also to some extent in bovine 

herpesviruses, where the 'IBR-like' and the 'IPV-like' genomes 

could be separated (Engels et al., 1981) and the 'IBR-like' 

genome seems also to be responsible for abortion (Pauli et 

al., 1982). The most definitive studies, where genome types 

could be associated with defined diseases, were done with 

adenoviruses (Wadell et al., 1980). The successive appearance 

of different adenovirus genome types during an epidemic 

outbreak might serve as a model for similar investigations 

with herpesvirus genomes. 
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An investigation of 22 herpesvirus saimiri isolates using 

strains from different sources in South America has failed to 

establish distinct geographic subtypes (Desrosiers and Falk, 

1982). The fact that four genome types of PsR viruses have 

been found in a representative number of isolates received 

from different geographic regions of the world may be 

explained in the following way: in contrast to the situation 

in HSV-1 and HSV-2 infections where worldwide exchange of 

genomes occurs, resulting in a huge heterogeneity in the virus 

genomes (Buchman et al., 1980), the epidemiology of Aujeszky's 

Disease is quite different. The rearing of pigs and the 

exchange of animals over great distances during the last 

decade contributes to the distribution of populations which 

were kept in regional areas before. Therefore an exchange of 

viruses of different genome types was a rare event until now 

and only a limited number of variants exists. In HSV-1 and 2 

throughout their existence multiple recombinant events could 

<readily occur, and additional mutations may have contributed 

to an accumulation of persisting variants in the human 

population (Buchman et al., 1980). Today the crowding of pigs 

favors the transmission of viruses from the always present 

latent carriers. During these severe outbreaks a higher 

recombination rate between genomes can be postulated. 

Otherwise, as suggested for herpesvirus saimiri (Desrosiers 

and Falk, 1982) I successive reinfections may promote 

recombination. In such an epidemiological situation the 

occurrence of intermediates can be explained. Nevertheless it 

remains surprising that one genome group is by far more 

frequent than all the others. The stability of herpesvirus 

genomes as shown for HSV (Roizman pers. comm.) is also 

confirmed for PsR virus, since we were unable to detect any 

changes in the DNA cleavage pattern during 100 serial 

cellpassages. Therefore the natural mutation rate is only of 

minor importance to the variability of the PsR genome. 

The most prominent finding of this investigation is that 

PsR viruses, although collected over 20 years, preserve a 

limited genome heterogeneity, which enables us to group PsR 
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Fig. 6 Distribution of PsR virus isolates to the 
different genome groups based on the cleavage patterns of 
the restriction endonucleases Bam H I and Bst E II. 

virus strains in four major genome groups (Fig. 6). This study 

demonstrates the capability of modern DNA technology in 

elucidating epidemiological backgrounds. 
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Investigations on a large breeding unit suggested waves 
of infection probably centred in the farrowing house. 
Eradication was achieved on the basis of the selection of 
serologically negatively pigs. 

Using dexamethasone, carriers could be reactivated and 
in contact pigs became infected. However the efficiency of 
excretion ~s very low. It is suggested that infection under 
the cover of maternal anti-
body may have a major place in the epidemiology of the 

disease. 

INTRODUCTION 

The importance of carriers in Aujeszky's disease has 

long been suspected. Thus Nikitin (1961) recognized that 

pigs, especially sows, although clinically healthy, could 

introduce disease into clean farms. Howarth (1969) suggested 

that changes in wether were important in reactivating latent 

virus. 

However McFerran and Dow (1964) using anaphylactic shock 

or dietetic stress and Sabo (1969) using cortisone, hypo and 

hyperthermia or explant cultures of tonsillar tissue failed 

to detect reactivated virus. 

Recentli latency has been demonstrated in hydrocortisone 

treated pigs (Sabo and Rajcani, 1976). They injected between 

500 mg and 1,000 mg cortisone over a 5 day period. They could 

not detect virus excretion. They did demonstrate virus in 

tissues taken from both the cortisone treated and control 

pigs by tissue exp1ants. As they were unable to detect virus 

from animals infected with other strains they postulated 

genetic differences in virus isolates. 

Virus was isolated from non immunologically suppressed 

pigs using explant cultures and co-cultivation from pigs up 

to 13 months following infection (Beran et al., 1980). Using 
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7,500 mg prednisolone distributed over 4 days, to 

immunosuppress pigs Wittmann et al. (1982) obtained virus 

excretion from days 4 to 11. They could not detect virus in 

organs by direct means but were able to demonstrate virus in 

the lungs and eNS by co-cultivation. Virus has also been 

demonstrated in tissues of immunosuppressed (Rziha et al., 

1982) and non-immunosuppressed pigs (Gutekunst, 1979) using 

hybridization techniques. 

Vaccination does not prevent the establishment of 

latency. Pigs vaccinated with an attenuated vaccine and then 

challenged 3 weeks after vaccination were treated after 90 

days with 400-600 mg dexamethasone. Virulent virus was 

recovered from tonsil swabs on 4 occasions and also from the 

tonsils and lungs by cocultivation. No vaccine virus was 

found in the non-challenged vaccinated pigs (Mock et al., 

1981). Inactivated vaccine also did not prevent the 

establishment of carriers (Gutekunst, 1979). 

Davies and Beran (1980) described the case of a sow 

which had been infected 19 months earlier. Spontaneous virus 

shedding by the sow was detected on days 3 to 8 

post-parturition, and a serological response from 4 to 64 

occurred. However both the sow's litter and introduced 

sentinal pigs were not infected. 

Therefore although it is clear that carriers occur in 

Aujeszky's disease their exact role has not been established. 

In particular when they break down do they excrete enough 

virus to infect in contacts? A second question of importance 

is that carriers have only been demonstrated following a 

primary clinical infection. However in a number of breeding 

farms studied there was no evidence of clinical disease, in 

spite of persistent infection. Of course this might be 

because the virus strains were relatively mild and/or the pig 

was infected when old enough not to show signs. Furthermore 

carriers seem to excrete virus in or around the farrowing 

unit. Two possible routes of infection seemed possible. One 

was that in utero infection occurred with the production of 

immune-tolerant persistent carriers. The second was that 
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infection occurred under the cover of maternal antibody. The 

first possibility was rejected because no evidence of 

persistent increased foetal mortality was evident and also 

from antibody surveys there was no evidence of consistent 

virus spread in growing pigs as might be expected from a 

persistently excreting carrier animal. 

These investigations were undertaken in an attempt to 

elucidate some of these problems. 

MATERIALS AND METHODS 

Detection of antibody 

The presence of antibody to Aujeszky's disease virus was 

detected by adding 200 TCID SO of virus to doubling dilutions 

of serum in microtitre plates. There were 2 wells for each 

serum dilution. Following l-hr incubation at 37 oC, Vero cells 

were added to each well. The plates were sealed with 

transparent tape and the test read at 2, 4 and 6 days. Sera 

known free of antibody and with low and high titres of 

antibody were included as controls. The titres are expressed 

as the final serum dilution which neutralised 100 TCIDSO 
(30-300 TCIDSO ) virus in this test. 

Detection of virus 

Swabs were placed Earles lactalbumin medium with 0.1% 

bovine albumin. They were immediately centrifuged and the 

supernatent inoculated into 2 cultures of primary pig kidney 

cells. Isolates were identified as herpesviruses using the 

electron microscope and confirmed as Aujeszky's disease using 

the serum neutralisation test. 

THE EPIDEMIOLOGY OF THE DISEASE ON A LARGE BREEDING FAru1 

A large breeding unit with approximately 4S0 sows was 

established in 1967 to produce hybrid pigs. It had a 

complicated breeding programme involving Large White, 

Landrace, Welsh, Hampshire and Peitran pigs. In 1969 it had 

an outbreak of disease which was not reported to us, but 

which may have been Aujeszky's disease (AD). In 1972 a 

confirmed outbreak occurred. Sows went off their food for 2 
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to 3 days and many were sneezing. About 10 days later most of 

the pregnant sows aborted. This was followed in about a 

week's time by high mortality in the pigs unter 3 weeks of 

age and lower mortality in the older ages. Pigs over 32 kg 

did not die and only about 30% showed any signs of disease. 

A further small outbreak occurred in 1975 confined to a 

few gilts and their litters in the farrowing house and the 

overall losses from AD were considered minimal. A number of 

serious outbreaks of AD had occurred in herds buying 

apparently healthy breeding stock from this farm and as this 

was of considerable commercial importance the organisation 

sought our advice on possible eradication. They could not 

slaughter the entire herd and restock because of their 

valuable genetic stock and an eradication programme had to 

cause the minimum of disruption to their production. 

Following farrowing the pigs were either weaned at 3 

weeks into a cage rearing system or at 5 weeks. At 32 kg 

weight they were divided between the fattening house or the 

test house. In the test house further genetic selection was 

made and the rejects were transferred to the fattening house. 

At approximately 85 kg liveweight the pigs went for slaughter 

except those selected in the test house for sale or breeding, 

in which case the females were moved to the gilt house. 

As a first step, in June 1975, animals were bled 

throughout the herd shortly after the recent clinical disease 

outbreak. It was evident that infection was widespread (Table 

1). Previous experimental studies had indicated that titres 

of 32-256 could be expected after primary infection and 

titres of 500-4000 were achieved if the pigs were reinfected 

after 80 to 90 days (McFerran, unpublished). The range of 

titres in the farrowing house indicated reinfection in some 

sows and this was borne out by the fact that no female with 

one or two litters had titres in excess of 128. Titres 

indicating primary infection were found in some of the 

pregnant gilts. If infected during pregnancy abortion would 

be expected. It is now known if they were infected before 

becoming pregnant or if they were infected early in 



TABLE 1 Results of testing a breeding herd for serum 
neutralising antibodies to Aujeszky's disease 
virus 

Number of samples Titre 
House 

Tested %Positive Range Mean 

June 1975 

Farrowing house 23 100 16-4000 128 
Gilt house 15 47 4-128 58 
Fattening house 21 48 4-16 5.2 
Test house 34 44 2-8 4.2 
Bacon factory 27 41 2-8 5.1 

March 1976 

Farrowing house 
Sows 22 82 8-128 23.5 
1st litter gilts 20 10 2 at 4 4 

Gilt house 20 10 1 at 4, 1 at 8 6 
Fattening house 27 70 4-64 21.4 
Test house 19 0 
Bacon factory 35 11 4-16 5 
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pregnancy, had early foetal deaths and had returned to 

service. Studies on pigs at different ages on the farm showed 

that maternal antibody fell down to undetectable levels in 

some pigs. However other pigs still kept low levels of 

antibody and even at around 26 weeks of age 41% of blood 

tested at the bacon factory had low titre antibody. 

A further sampling was undertaken in March 1976 just 

before eradication was commenced. There were much lower 

titres in the farrowing house and none of.the gilts tested 

had evidence of recent active infection (ie they had titres 

of 4). It was concluded from this that active infection was 

now absent in the farrowing house. A fall in titre from 

500-4000 down to 32-128 and from 32-256 down to 4-16 can be 

expected in 3-6 months time (McFerran, unpublished; Mocket 

al., 1981). This view was reinforced by the titres in the 

gilt house, and no titres were found in the test house. In 

the fattening house however there was evidence of active 

infection still continuing. As pigs were continually moving 

from the rearing areas to both the test and fattening house, 



408 

it is assumed that the focus of infection was in the 

fattening house and this was kept going by each week's new 

susceptible intake. It was interesting that in spite of the 

close proximity of other houses no viral spread from house to 

house was occurring. 

Therefore at 32 kg the potential breeding animals were 

tested at a 1:2 serum dilution for antibody. If negative they 

were moved to a separate house in batches of 50. After a 

further 3 weeks they were retested. If still negative they 

were moved to a different farm, kept in isolation and 

retested after a further 3 weeks. If still negative they were 

then mixed with the other pigs which had corne through the 

same programme. 

In a few cases, reactors were found after the first 

negative test. In all cases these titres were low and may 

have represented non-specific reactions. However these 

reactors were removed and the group retested twice at 3 week 

intervals, before being moved to the clean farm. 

When enough pigs were present on the clean farm a final 

serological test was carried o~t, the old unit was destocked, 

cleaned, disinfected and left empty for one month. It was 

then restocked with pregnant gilts from the clean farm. 

From this, and other studies, the following deductions 

were made. 

1. Infection may well have occurred under the cover of 

maternal antibody. This would explain the lack of 

clinical signs in many farms. 

2. Carriers developed persistent low antibody titres. 

There was no evidence of carrier pigs failing to 

develop neutralising antibody. 

3. Spread on the farm, at least with the traditional 

Northern Ireland strains of ADV was poor and 

required relatively close contact between pigs. 

This is reinforced from other field observations in 

Northern Ireland where there is no evidence yet of 

aerial spread form farm to farm. In a few cases 

there is indication of spread by fomites or by 



human movement but in the majority of cases disease 

appears following the purchase of an apparetently 

healthy animal. 

EXPERIMENTAL DEMONSTRATION OF CARRIERS 

Experimental Design 

409 

A total of thirty six pigs were used. Thirty two were 

infected intranasally at six weeks of age with 0.5 ml of 

NIA.1 virus, titre 106 . 5 TCID50 . The 19 survivors were kept 

in isolation for 70 days. Then 14 of these pigs were injected 

with 30 mgm dexamethasone intramuscularly. The remaining 5 

infected pigs were kept as controls. In addition 4 uninfected 

pigs which had been kept in isolation were now added to the 

group. 

Immediately following the dexamethasone treatment nasal 

swabs from all 23 pigs were taken, and thereafter at 

alternate days until 14 days post injection (pi). Ocular and 

vaginal or preputial swabs were taken at 4, 8 and 12 days pi 

and blood at 0, 8, 13 and 55 days pi. 

RESULTS 

Following infection, all 19 pigs developed antibody. 

When bled before the dexamethasone treatment, titres varied 

from 16 to 64 (Table 2). Following the treatment, titres of 

five pigs (13, 14, 28, 37 and 128) showed a four fold 

antibody rise. Of the 4 non-infected control pigs no response 

was seen in the first 14 days after injection, but at the 55 

day bleeding 2 had developed very low level titres and one 

had a titre of 64. 

Virus was isolated from the nasal swabs of 3 pigs 

(numbers 36, 37 and 41) at 2 days pi and at 4 days pi from 

the nasal swab of pig 36. No isolates were made from any 

other swabs. 

DISCUSSION 

The antibody rise in the five pigs was only four fold. 

Three of these pigs (14, 37 and 38) were treated with 
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TABLE 2 Serum neutralising antibody titres in infected 

and in-contact pigs, following treatment with 

dexamethasone, 70 days after infection with 

Aujeszky's disease virus 

Days after injection 

Pig of Dexamethasone 

number 
Treatment 

0 8 13 55 

13 I 16 32 32 64 

14 D 32 32 64 128 

17 D 32 32 32 64 

23 D 64 64 64 64 

28 I 16 32 32 64 

30 I 32 32 32 32 

31 D 64 32 64 64 

34 D 64 128 128 64 

36 D 32 32 32 64 

37 D 32 32 32 128 

38 D 16 16 32 64 

41 D 64 64 64 64 

44 I 64 64 64 32 

45 D 64 32 64 64 

46 I 64 64 64 64 

47 D 64 64 64 64 

48 D 32 32 32 64 

49 D 64 64 64 64 

50 D 64 32 64 128 

16 C <2 <2 <2 <2 

18 C <2 <2 <2 2 

25 C <2 <2 <2 2 

39 C <2 <2 <2 64 

D - dexamethasone injected pigs 

I - infected pigs, not injected with dexamethasone 

C - control non-inoculated pigs 
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dexamethasone. It cannot be determined if the titres of pigs 

13 and 28 rose due to spontaneous unmasking of latent virus 

or because they were infected by the dexamethasone treated 

pen mates. It should be noted that virus was isolated from 

two pigs which did not show a rise in antibody titre. 

Taken together the rise in antibody titre, the 

demonstration of virus excretion and the antibody produced by 

pig 39 indicate that virus was reactivated in sufficient 

titre to spread. The virus recovery pattern is similar to 

that described by Mock et al. (1981), and the increase in 

serum neutralisation titres is similar in timing to that 

found by Wittmann et al. (1982). It is not surprising that 

the process does not seem very efficient, because we find 

that following introduction of AD virus into a breeding unit, 

antibody usually disappears after a few years unless the herd 

is relatively big - ie 50 sows or more. 

Control pig 39 clearly became infected, but it is less 

clear what happened to pigs 18 and 25. They developed titres 

of 2, which is considerably less than would be expected 

following a primary infection. One possibility was they were 

only infected by a minimal amount of virus and did not 

undergo a full scale infection. This possibility is now being 

investigated. 

INFECTION OF PIGS UNDER THE COVER OF MATERNAL ANTIBODY 

Experimental Design 

Fifteen 6,week old pigs, the progeny of 2 gilts were 

used. These gilts were survivors of a previous experiment, 

and had been vaccinated once at 6 weeks of age and then 

challenged after 2 weeks with virulent virus (McFerran et 

al., 1982). In the last month of pregnancy they had been 

vaccinated once with an oil adjuvant vaccine. At 6 weeks of 

age the progeny were bled and each infected intranasal1y with 

1 ml of NIA.1, titre 106 . 5 TCID50 . 

At 15 weeks after infection, the pigs were divided into 

3 groups. Group 1 (4 pigs) were twice injected with 30 mgm 

dexamethasone, 2 days apart. Group 2 (4 pigs) were infected 
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with Salmonella cholerae-suis intranasally. Group 3 (7 pigs) 

were left as controls and housed separately. In addition 2 

serologically negative pigs were introduced into both groups 

1 and 2 in order to detect any excreted virus. 

RESULTS 

At challenge the piglets had high levels of antibody 

(Table 3) ranging from 48 to greater than 256. Following 

infection there was no evidence of any disease, not even a 

mild febrile response or transient inappetance. The only 

evidence of infection was from rei solation of virus from the 

nasal mucosa. 

In spite of the infection, titres continued to fall for 

the next 2-4 weeks. They then remained at these levels until 

the 15th week following challenge. At this stage the titres 

ranged from 3 to 48 except for pig 309 which had jumped from 

a titre of 8 at 11 weeks to 256 at 15 weeks. 

Following the treatments at 15 weeks post-infection it 

was clear that some pigs in each group had developed rising 

titres. Thus in the dexamethasone treated group 3 pigs had 

greater than 4 fold rises in titre, whiles one pig did not 

respond. In the Salmonella infected group all 4 pigs 

responded with rising antibody titres. Two of the control 

infected group (pigs 305 and 313) showed 4 fold or greater 

rising titres in addition to pig 309. 

A serologically negative control pig in each group 

developed antibody, indicating virus spread to these animals. 

DISCUSSION 

Pigs infected under the cover of maternal antibody do 

not necessarily respond with active antibody production even 

though virus is excreted. This confirms earlier work 

(McFerran and Dow, 1973). 

The pigs were given dexamethasone in order to attempt to 

reactivate latent virus. Salmonella cholerae-suis was used 

for the same purpose especially since in fattening units, 

mixed infections with AD virus were often found. 
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It is evident from these results that carriers do indeed 

occur. Furthermore one pig, not artificially stimulated 

showed a rising titre between 11 and 15 weeks. It is not 

clear from these results if this pig then infected other pigs 

in the same group or if they also spontaneously broke down. 

Certainly by 20 weeks after challenge (ie when they were 26 

weeks of age) 3 of the 7 pigs in the control group were 

showing evidence of active infection. At this age on the farm 

studied, these pigs would have been in the gilt house and it 

was not uncommon to find similar titres in this house. 

Virus excretion was not studied, in case the act of 

taking samples would damage the mucosa and aid virus spread. 

We concluded from the results presented and from other 

unpublished studies on herds suffering natural infection that 

infection under the cover of maternal antibody with 

subsequent reactivation of virus at farrowing may play a 

significant part in the epidemiology of Aujeszky's disease. 
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The NIA-3 strain of Aujeszky's disease virus (ADV) 
established latent infections in seronegative pigs, in pigs 
having high or low levels of maternal antibody and in 
intranasally vaccinated pigs. One to 4 months after the 
primary infection latency of ADV was demonstrated by in vitro 
and in vivo reactivation procedures. 

Exp1ants of trigeminal ganglion produced infectious ADV 
after 4 days in culture. Administration of high doses of 
corticosteroids to previously infected pigs resulted in 
shedding of virus in oral secretions after a lag period of 
4-11 days. The recrudescent shedding was not accompanied by 
severe clinical signs. In a number of pigs the recurrent 
infection resulted in a rise of neutralizing antibody. Most 
pigs re-excreted ADV to such a level that in contact pigs 
became infected. 

The finding« reported here indicate that pigs, whether 
immunized or not at the time of virulent ADV infection, must 
be regarded as potential shedders of ADV. 

INTRODUCTION 

Establishment of latency is a characteristic feature of 

herpesvirus infections. The pig is considered to be the 

natural host of Aujeszky's disease virus (ADV) , although other 

animal species can also be infected. Several strains of ADV 

have been shown to induce latent infections in pigs (Sabo and 

Rajcani, 1976; Gutekunst, 1979; Beran et al., 1980; Mock et 

al., 1981;, Wittmann et al., 1982). In most studies 

seronegative pigs were used. Mock et al. (1981) demonstrated 

that pigs vaccinated with modified-live vaccine failed to 

prevent the production of latency of virulent virus. The 

present study was conducted to investigate the establishment 

of latency and subsequent reactivation of the virulent NIA-3 

strain of ADV in seronegative, passively or actively immunized 

pigs. 
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MATERIALS AND METHODS 

Pigs 

Pigs were from the Dutch Landrace minimal disease herd of 

the Central Veterinary Institute. The herd is free of 

antibodies to ADV, except for a number of sows that are 

vaccinated twice a year with inactivated vaccine (Geskyvac, 

Roger Bellon, France) to produce piglets with maternal 

antibody. Pigs were housed in isolation pens and observed 

daily for clinical signs. 

Vaccination and infection 

Pigs were intranasally vaccinated by instilling 0.5 ml of 

a suspension, containing 106 plaque forming units (PFU) per ml 

of the Bartha's K strain, drop by drop into each nostril. The 

vaccine virus was grown on secondary pig kidney (PK2) cells. 

Pigs were infected or challenge-exposed intranasally, as 

described above, with 105 PFU of the virulent Northern Ireland 

Aujeszky three (NIA-3) strain (McFerran and Dow, 1975; kindly 

provided by Dr.J.B. McFerran, Belfast, Northern-Ireland), 

passaged 6 times in PK2 cells. 

Corticosteroid treatment 

Pigs involved in the in vivo reactivation experiments 

were given dexamethasone or prednisolone (1.5 mg and 15 mg per 

kg of body weight, respectively) during 4 consecutive days. To 

prevent secondary bacterial infections, pigs which developed 

signs of illness were treated with antibiotics for 5 days. 

Sampling procedures, virus titration and virus-neutralization 

test 

Oropharyngeal fluid (OPF) samples were collected, 

processed and assayed for infectious ADV as described 

elsewhere (De Leeuw et al., 1982). Isolates were identified by 

neutralization with a specific ADV-antiserum. 

Pigs were bled from the anterior vena cava before and at 

weekly intervals after vaccination, infection or 

corticosteroid treatment. The sera were tested for 
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neutralizing ADV-autibody in duplicate in a microtitre system, 

using PK2 cells and a virus serum incubation period of 24 

hours at 37 0C. Titres are expressed as the 10910 of the 

reciprocal of the final serum dilution inhibiting cytopathic 

effect in 50% of the cultures. 

In vitro reactivation 

Four 6-month-old pigs and 2 pigs of 2 months of age, 

which were all seronegative, were infected with NIA-3 virus 

and killed 4 weeks later. Trigeminal ganglia, tonsil and 

olfactory bulbs were removed for in vitro detection of latent 

ADV. Three pigs were given 20 mg dexamethasone for 4 days 

prior to slaughter. Three pigs (Nos. 892, 893, 896) with 

maternal antibody were infected at 3 weeks of age. Four months 

later they were given prednisolone. One monLh after treatment 

they were killed and their trigeminal ganglia examined for 

latent ADV. 

Tissues to be assayed for latent ADV were removed under 

sterile conditions and minced into 1 to 2 rom pieces. In the 

explant method a few drops of chicken embryo extract were 

added to the pieces of tissue, which were then placed in 

culture-tubes precoated with chicken plasma. The pieces were 

allowed to adhere for 1 hour and thereafter the culture 

medium, consisting of Hanks' BSS, 10% of lamb serum and 100 IV 

of penicillin and 100 IV of streptomycin, was added to the 

tubes. In the co-culture method small tissue fragments were 

placed on a monolayer of PK2 cells, in Eagle's I1EI1 

supplemented with 2% lamb serum and antibiotics. Once a week 

the tissue fragments were transferred to fresh monolayers. The 

medium of explanted and co-cultured tissue was changed twice a 

week during at least 3 weeks, and tested for ADV, as described 

previously (De Leeuw et al., 1982). Tissue homogenates were 

prepared as 10% suspensions in Hanks' BSS with 0.5% 

lactalbumin hydrolysate, and 10 times the concentration of 

antibiotics used in the culture medium. After centrifugation 

for 10 minutes at 1200 x g, the supernatant was assayed for 

ADV. 



420 

In vivo reactivation 

Experiment 1. Six pigs (Nos 634, 651, 652, 653, 656, 660) 

were infected at 6 months of age. Three months later they were 

housed individually and treated with corticosteroids. In each 

pen an additonal, sentinel pig was in contact. The pigs were 

swabbed every other day for 21 days after the initiation of 

corticosteroid treatment (days post treatment (OPT 21). The 

sentinel pigs were swabbed when showing clinical signs. Pigs 

652 and 656 underwent a second corticosteroid treatment 1 

month after the first one. Another 3 pigs (Nos 892, 893, 896) 

also used in the in vitro reactivation experiment, were 

infected at 3 weeks of age. Four months later they were also 

placed in separate pens, and then treated with corticosteroid. 

OPF-samples were collected daily for 3 weeks after treatment. 

Experiment 2. Four pigs with maternal antibody were 

vaccinated intranasally at 10 wee~s of age. Challenge-exposure 

was done 2 months later. Ten weeks after challenge, the pigs 

were given prednisolone. They were then housed separately and 

one sentinel pig was introduced into each pen. Pigs were 

mouth-swabbed daily for 3 weeks. Pig 8045 received two 

prednisolone treatments, 1 month apart. 

RESULTS 

In vitro reactivation 

The explant culture technique, the co-cultivation 

technique and the tissue suspension technique were compared 

for detection of ADV in tonsils, olfactory bulbs and 

trigeminal ganglia from 6 pigs infected intransally 3 weeks 

previously. AOV was demonstrated in ganglionic tissue from 2 

pigs by the explant culture and co-cultivation method, but not 

in tissue homogenates of ganglia (Table 1). No virus could be 

detected in tonsils and olfactory bulbs. The pigs from which 

virus was recovered had received dexamethasone. Oropharyngeal 

swabs were virus negative on the day of slaughter. 

The individual supernatants of explant cultures were 

assayed for infectious AOV. Table 2 shows that virus was not 

detected until 4 days after the initiation of culture. The 
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cultures of 391 RG and 616 RG produced ADV for at least 18 and 

11 days, respectively. 

In our hands the explant culture technique was less 

laborious than the co-cultivation technique. Therefore, in 

TABLE 1 In vitro reactivation of latent ADV. 

Tissue Detection-method* 

TS EC 

Olfactory bulb 0/6** 0/6 

0/6 

2/6 

Tonsil 0/6 

Trigeminal ganglion 0/6 

CC 

0/6 

0/6 

2/6 

* TS: tissue suspension; EC: explant culture; 

CC:co-culture 

** Positive/total examined 

further experiments we used the explant culture method for the 

detection of latent ADV in vitro. 

In the above experiments we cultured 30-50% of the 

ganglionic tissue. In the next experiment the entire 

ganglionic tissue of 3 pigs, which proved to be latently 

infected, was cultured and the culture tubes were individually 

assayed for ADV. Seven out of 10 cultures from the right 

ganglion of pig 892 released virus into the supernatant, 

whereas its left 

TABLE 2 

Pig 
no. 
391* 

616 
* 

** 
nd 

Virus titres in supernatants of explanted 
trigeminal ganglia. 

Tissue Days of culture 
0 2 4 7 9 11 14 

RG** 1.8 3.6 3.6 3.6 2.7 
LG 1.8 
RG 5.3 5.2 4.2 nd 3.4 

Pig 391 was 6 months and pog 616 2 months 
when infected. 
RG: right ganglion; LG: left ganglion 
not done 

17 21 
2.3 1.1 
2.8 

nd nd 
of age 
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ganglion was negative. ADV was recovered from lout of each of 

5 cultures from both ganglia of pig 893 (Table 3). No virus 

was recovered from cultured ganglia of pig 896. 

TABLE 3 

Pig 

no. 

892 

893 

896 

Reactivation of ADV in explant cultures of 

the entire ganglionic tissue 

Trigeminal Positive/ In vivo 

ganglion total reactivation 

L 0/10 + 
R 7/10 

L 1/5 + 
R 1/5 

L 0/5 + 
R 0/5 

In vivo reactivation 

Experiment 1. The pigs which had high, low or no maternal 

antibody showed mild to severe signs of AD after primary 

infection, and virus was excreted for at least 10 days. 

Corticosteroid treatment at 3-4 months post infection resulted 

in clinical disease in 4 out of 9 pigs. Pig 656 had fever on 

DPT 4-7. The most prominent sign in the other pigs (651, 893, 

896) was respiratory distress, starting around DPT 14. 

Reactivation of ADV was evidenced by virus shedding in 6 

out of 9 pigs (Table 4), and in one pig (652) indirectly, by 

the development of antibody to ADV in its sentinel pig. Virus 

was recovered from OPF after a lag period of 4-11 days. The 

recurrent ADV infection resulted in raised neutralizing 

antibody levels in 4 pigs. 

The sentinels of pigs 651, 652, 656 became infected, as 

shown by the production of antibody to ADV. The sentinel of 

pig 651 developed fever and a slightly reduced appetite on DPT 

14-16 and excreted virus about the same time. The other 

sentinel pigs remained healthy. Pig 634, which had virus in 
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contact control remained serologically negative. 
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Experiment 2. The pigs intranasally vaccinated with 

Bartha's K strain developed mild signs of AD after challenge 

TABLE 4 In vivo reactivation of ADV in pigs with high, 

low or no maternal antibody. 

Pig Symptoms Virus in OPF* Maternal Antibody response 

no. Inf. Sent. Inf. Sent. antibody titre Inf. 

634 

651 

652 

653 

656 

660 

+ 

+ 

892*** -

893*** + 

896*** + 

+ 

+ 
+ 

+** 

+ 
+ 

+ 

nd 

+ 

nd 

nd 

nd 

nd 

* Oropharyngeal fluid samples 

0.60 

0.30 

0.30 

0.30 

2.10 

2.25 

2.10 

+ 

+ 

+ 

+ 

** Pig 656 had virus in OPF only after the second 
treatment 

*** 

nd 

No pigs placed in contact 

not done 

Sent. 

+ 

+ 

+ 

and virus was detected in OPF samples for 6 days. Results of 

this experiment are shown in Table 5. After corticosteroid 

treatment pig 8056 had pyrexia on DPT 8-12 and shed virus at 

the same time. Its entinel pig showed mild signs of disease on 

DPT 11-14, excreted virus on DPT 10-16 and elicited 

neutralizing antibody to ADV. The other pigs showed neither 

clinical signs nor viral excretion after the corticosteroid 

course. Pig 8045 was given a second treatment and a mild fever 

and diarrhoea was noticed on DPT 6-11. ADV was recovered from 
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its OPF on DPT 6-7. Its sentinel pig showed highly elevated 

body temperatures on DPT 9-14 and was slightly depressed on 

DPT 12-13. Its OPF sample contained high concentrations of ADV 

from DPT 8-15. This pig developed neutralizing antibody to 

ADV. 

More detailed results of the in vivo reactivation 

experiments will be published elsewhere. 

DISCUSSION 

The results of the present study demonstrate that the 

virulent NIA-3 strain of ADV can establish latent infections 

in seronegative pigs, in pigs with maternal antibody and in 

intranasally vaccinated pigs. That ADV persists in a latent 

state is strongly suggested by the failure to isolate virus 

from trigeminal ganglia homogenates, whereas explanted 

fragments of the same tissue produced infectious virus. In 

addition, ADV was not detected in mouth swabs on the day of 

slaughter. Latency of ADV is also indicated by the observation 

that there are lag periods after in vitro and in vivo 

reactivation. 

In the present study reactivation of ADV has been 

accomplished by in vitro and in vivo methods. Explanted 

fragments of trigeminal ganglia from infected pigs released 

virus into the supernatant fluid. To obtain optimal results it 

seems necessary to culture the entire tissue of both ganglia, 

since in one pig only 2 out of 10 cultures produced ADV, while 

in another pig no virus was found in one ganglion. Thus, these 

findings suggest that generally in latent ADV infections a low 

proportion of ganglion cells are infected. In other 

herpesvirus infections, the percentages of latently infected 

neurons are estimated to be between 0.1 and 10% (Ackermann et 

al., 1981;. Walz et al., 1976; Klein, 1982). 

The administration of high doses of corticosteroids to 

infected pigs resulted in reactivation of ADV, as evidenced by 

viral shedding. In a number of pigs the artificially induced 

recurrent ADV infection was symptomless whereas other pigs 

developed clinical signs. However, in some pigs the symptoms 
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was no apparent correlation between appearance of signs and 

periods of virus shedding. 
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The results of in vitro and in vivo reactivation are not 

in complete agreement. Pig 896 shed virus after 

immunosuppressive treatment, but virus was not recovered from 

its cultured ganglia. Plausible explanations for this 

discrepancy are either that ADV was latently present in the 

trigeminal ganglion but was simply not reactivated during the 

culture period, or that the virus resided in other tissues. 

The recrudescent virus spread to susceptible pigs. The 

sentinel pigs that became infected, generally showed mild or 

no signs of AD. This is an unexpected finding, since the NIA-3 

strain of ADV is highly virulent. However, pigs infected by 

contact may show less severe signs of AD, because the dose of 

virus transmitted is probably low (Baskerville, 1971). To 

determine whether ADV has changed during the reactivation 

process, the DNA's of the different isolates have been 

analyzed with Barn HI restriction-endonuclease. The results of 

these analyses are reported separately (Gielkens, proceedings 

of this seminar). 

The recrudescent virus excreted by the pigs that were 

vaccinated and subsequently challenge-exposed, proved to be 

the virulent NIA-3 strain, as shown by 

restriction-endonuclease analysis of the DNA. No evidence was 

obtained for simultaneous shedding of vaccine virus. It is not 

surprising that virulent ADV induced latency in vaccinated 

pigs, since it is well-known that ADV can replicate in 

(intranasally) vaccinated pigs (McFerran et al., 1979; De 

Leeuw et al., 1982). In addition, Mock et al. (1981) have 

already reported ADV latency in parenterally vaccinated pigs. 

The inability to detect recrudescence of Bartha's K 

strain of ADV is in keeping with our findings that Bartha 

virus could not be recovered from intranasally vaccinated 

pigs, using in vivo and in vitro methods successfully employed 

in reactivation of virulent ADV (to be published). These 

results suggest that Bartha virus is not readily reactivated 
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or does not persist at all in intransally vaccinated pigs. 

Maternal antibody also failed to prevent the induction of 

latency of ADV in pigs. Establishment of latency under cover 

of passive immunity has also been shown in herpes simplex 

virus infection in mice (Sekizawa et al., 1980). On the other 

hand, in herpes simplex virus infection of guinea pigs 

maternal antibody exerted a protective effect on the 

development of latency (Tenser and Hsiung, 1977). 

In conclusion, virulent ADV can establish latency in 

pigs, irrespective of whether or not the pigs are 

seronegative, passively, or actively immunized. Reactivated 

virus can spread to susceptible pigs. Thus, infected pigs, 

whether immunized or not, must be regarded potential shedders 

of ADV. 
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After experimental infection of swine we determined the 
time of establishment of PrV latency. Results of virus 
recovery and virus reactivation from organs of latently 
infected animals are presented. For the detection of latent 
viral DNA different techniques of molecular hybridization 
were preformed (in situ hybridization, reassociation kinetic, 
Southern blot analysis). The occurrence of the viral genome 
is demonstrated in several neural tissues. In addition the 
presence of PrV DNA is suggested in white blood cells of 
latently infected pigs. 
INTRODUCTION 

One major charateristic of herpesviruses is their 

ability to establish latency in the infected host. After 

primary infection pseudorabiesvirus (PrV) persists in a 

latent state in the recovered pigs (Sabo, 1969; Sabo and 

Grunert, 1971; Sabo and Rajcani, 1976; Beran et al., 1980; 

Davies and Beran), as e.g. herpes simplex virus (HSV) in man. 

The latent virus can be reactivated by exogeneous or 

endogeneous stimuli, and subsequently shed without clinical 

signs (Sabo and Rajcani, 1976; Beran et al., 1980; Mock et 

al., 1980; Davies and Beran, 1980; Rziha et al., 1982; 

Wittmann et al., 1982). In animal models it could be shown 

that the main source of latent HSV are the sensory ganglia of 

the infected host (Stevens and Cook, 1971). During the latent 

state viral DNA could be detected in the central nervous 

system (Sequiera et al., 1979; Cabrera et al., 1980; Fraser 

et al., 1981). Also prV and PrV DNA is still present in 

neural tissues, especially in the trigeminal ganglia of the 

latently infected pigs, though virus cannot be recovered 

(Gutekunst, 1979; Gutekunst et al., 1980; Beran et al. 1980; 

Rziha et al., 1981). 

The latent HSV genome seems to persist rather in a 

non-infectious form than that a low-level chronic infection 

does occur. Evidence for such a static state comes from 
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experiments which show that (1) temperature sensitive mutants 

of HSV are able to establish latency in tissues at the 

non-permissive temperature (Lofgren et al., 1977; McLennan 

and Darby, 1980); (2) treatment with antiviral drugs 

inhibiting the viral DNA replication did not affect the virus 

reactivation rate from latently infected ganglia (Field et 

al., 1979; Blyth et al., 1980); (3) during latency no viral 

transcription could be observed as compared to the acute 

phase of infection (Puga et al., 1978). However, a limited 

viral gene expression was demonstrated in the sensory neurons 

of humans and rabbits (Green et al., 1981; Galloway et al., 

1982). Moreover, HSV thymidine kinase activity was found in 

the ganglia of latently infected mice (Yamamoto et al., 

1977). Recently the expression of this viral enzyme is 

suggested to play a possible role by the invasion of HSV into 

the ganglia, and therefore by the establishment of latency 

(Tenser et al., 1981). However, which mechanisms may actually 

regulate the initiation, the maintenance, and the 

reactivation of latency, is still unclear. 

There are 2 reasons giving rise to investigate PrV 

latency in more detail. It displays one important problem 

with respect to a successsful virus eradication programme, 

and on the other hand, it provides the opportunity to study 

virus-host relationships during herpesvirus latency in a 

natural host. The following experiments were initiated in 

order to determine (1) at which time after experimental 

infection of pigs the latent state of PrV will be 

established, (2) to define more precisely the range of 

tissues harbouring the latent virus, and (3) to investigate 

the presence and state of the latent viral genome. 

RESULTS AND DISCUSSION 

1. Establishment of latency 

Pigs were intranasally infected with a virulent PrV 

strain (Phylaxia), and at different times after infection 

(p.i.) part of the animals was killed. Virus recovery was 

performed by co-cultivation of various tissue fragments with 
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permissive indicator cells (Rziha et al., 1982; Wittmann et 

al., 1982). In order to prove the reactivity of latent virus 

the other part of the animals was treated with prednisolone 

for 2 - 4 consecutive days, and also tested for the 

occurrence of infectious PrV. The results of these 

experiments are given in Table 1. Beyond 7 weeks p.i. virus 

could be no more re-isolated from various organ tissues of 

the non-treated animals (-IS), except single cases. In 

contrast, after immunosuppression of the pigs virus recovery 

succeeded readily up to 64 weeks p.i. (+IS). The identity of 

the recovered virus was occasionally proven by restriction 

enzyme analysis of the viral DNA (data not shown). From these 

results we conclude that in our system a latent PrV infection 

will be established beyond 7 weeks p.i. At later times p.i. 

virus recovery was only achieved by immunosuppressive 

TABLE 2 Detection of PrV DNA by in situ cytohy­

bridization in organ tissues of latently 

infected pigs. 

Organ samples Times p.i. (weeks) 

5 6 7 11 13 26 

Tonsils 0 0 

Lymph nodes 0 0 0 

Lungs 0 0 

Brain stem 0 0 

Trigeminal ganglia nta ) 0 nt 0 0 0 

Spinal cord 0 0 nt 0 

Vagus nerve nt nt 0 0 nt nt 

Maxillar nerve nt nt 0 0 nt nt 

-------
a) nt not tested 

treatment of the latently infected animals. Furthermore, the 

experiments could imply the presence of latent PrV in a 

non-infectious form. However, we cannot absolutely exclude a 



very low persistent or abortive virus multiplication, which 

might be not detectable by this assay. 

2. Presence of viral DNA 

433 

Organ tissues of the latently infected, 

non-immunosuppressed pigs were further analyzed for the 

presence of viral DNA. For this purpose in situ 

cytohybridizations were performed on frozen thin sections of 

various organ tissues (Brahic and Haase, 1978; Rziha et al., 

1982). Purified viral DNA was in vitro radioactively labeled 

(Rigby et al., 1977), and used as a radioactive probe. Its 

fidelity was confirmed in reconstruction experiments by the 

Southern blotting technique (Souther, 1975). In addition, for 

each set of experiments control hybridizations were done on 

sections of organs of uninfected pigs (Fig. la, b). Multiple, 

heavily labeled cells were found after hybridization of 

sections of tonsils (Fig. 1c, d) and lungs (Fig. 2) of 

acutely infected animals. Some results of hybridizations with 

organ tissues of latently infected pigs are shown in Figure 3 

and 4. Very single cells can be detected displaying the 

presence of viral DNA. The results of the in situ 

cytohybridization studies are summarized in Table 2. This 

table comprises only those results which were undoubtedly 

positive. From these data it becomes apparent that the latent 

viral DNA persist predominantly in the neural tissuses of the 

infected animals. Obviously latent PrV was not segmented only 

to certain ganglia. It could be also demonstrated in-other 

neural tissues of the latently infected animals, as e.g. in 

the presence of latent HSV in the ganglia of mice (Walz et 

al., 1976). From the number of specific grains after in situ 

hybridization a rough calculation of the amount of PrV DNA 

per positive cell nucleus could be made. According to the 

specific activity of the radioactive probe, to the exposure 

time, and to the estimated hybridization efficiency (Gall and 

Pardue, 1971) between 1 to 5 viral genome copies were 

present. 
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Fig. 1: In situ cytohybridization of frozen thin 
sections of tonsils of an uninfected pig (a and b), and 
of tonsils of an acutely infected pig (c and d) . 

3. Qantification of the amount of viral DNA 

In order to determine more precisely the amount of viral 

DNA during the latent state we investigated DNA samples of 

different neural tissues by liquid hybridization 

(reassociation kinetic). The organ DNA was extracted and in 
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Fig. 2 Detection of PrV DNA in a lung tissue section 
of an acutely infected animal (7 days p.i.) ~ 

.~ 

solution hybridized with purified viral DNA, which was in 

vitro radioactively labeled with 32p-nucleotides to a 

specific activity of 2 - 5 X 108 cpm/ug. In 2 cases a 

relatively high concentration of the latent PrV DNA (5 - 6 

geno~e copies/cell) was demonstrated in the brain and in the 

cortex of animals 13 weeks p.i. (Rzhia et al., 1981). 

However, in further studies of 10 other DNA samples tested 
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Fig. 3 Detection of PrV DNA in cells (arrows) of the 
vagus nerve of 2 animals 7 weeks p.i. (a and b), and in 
cells of lymph nodes (c) and tonsils (.d) of a pig 5 
weeks p.i. 

only 0.2 - 0.5 genome copies/cell or less cotild be found. 

These data show that generally the amount of the latent PrV 

DNA in neural tissues is very low. Therefore these results, 

as well as the in situ hybridization data described might 

favour the suggestion that the latent PrV occurs in a 

non-replicable form. An explanation for the presence of the 

relatively heavy load of viral DNA in the 2 cases mentioned 



437 

• . • • • • 
• , 

• 
• 

• • 

• 
• • 

• • 
• • 

• 

• 
r 

• • 

Fig. 4 Two cells displaying PrV DNA in a section of 
the spinal cord of a pig 11 weeks p.i. 

above remains speculative (defective viral DNA ?). Actually 

no virus rescue could be achieved with both neural tissue 

specimens. 

4. Blot hybridizations 

Investigations for the presence and the state of the 

latent PrV DNA were initiated using the Southern blot 

technique (Southern, 1975). The DNA samples were cleaved with 

restriction enzymes generating only a small number of 

virusspecific fragments (Hind III, Bgl II, Xba I), in order 

to increase the sensitivity of the test. All hybridizations 

were performed under stringent conditions. As an example, a 

reconstruction experiment is shown in Figure 5. There we were 

able to detect less than 0.5 genome copies (Fig. 5). A 
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preliminar result of a blot hybridization is shown in Figure 

6. Hind III-cleavage of the viral DNA (lane 1 and 10) results 

in the generation of 3 virusspecific bands. The hybridization 

of the Hind III-digested DNA of different neural tissues is 

demonstrated in lanes 3 to 9 of the Figure (for details see 

Figure legend). Additionally the DNA of unseparated white 

blood cells of a latently infected pig was tested (lane 2) . 

In all cases a relatively weak hybridization was found with 

DNA fragments comigrating with the largest Hind III fragment 

A of the PrV DNA (about 50 md). A more pronounced 

hybridization signal exhibits a DNA fragment corresponding in 

size to the second PrV Hind III fragment BIB'. In all cases 

the smallest viral fragment C was missed. Because this 

fragment represents a terminal fragment of the viral genome, 

it could be of particular interest. The other terminal 

fragment comigrates with the Hind III fragment B (Ben-Porat 

and Rixon, 1979). The lack of terminal fragments would be the 

first indication to the possible state of the latent 

herpesvirus genome (integration, circularization). However, 

in the moment it remains rather speculative, since our data 

are very preliminar. Further studies using cloned PrV DNA 

fragments have to confirm these results. Thus we cannot 

totally exclude possible homologies between regions of the 

viral genome and cellular DNA sequences (Maitland et al., 

1981; Peden et al., 1982; Puga et al., 1982). 

Finally, our blot hybridizations might indicate that the 

viral genome is also present in white blood cells of latently 

infected animals (Fig. 6, lane 2), which were negative in the 

co-cultivation assay. Weak positive hybridization signals 

were found after cleavage of those DNA samples with other 

endonucleases, too (data not shown). It might be possible 

that others than neural tissues are involved during latency 

(Fraser et al., 1981; Scriba, 1981). To elucidate these 

opened questions further studies are necessary, which are, 

however, complicated by the paucity of the PrV genome in the 

latent state. 
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Fig. 5 Southern blot hybridization of a 

-33.0 

=20.5,18.5 

= 13.7,12.3 

8.0 

reconstruction experiment after Bgl II digestion . In 
each lane the indicated amounts of PrV genome 
equivalents are cleaved in the presence of calf thymus 
DNA (20 ug). After gel electrophoresis (0.6 % agarose) 
and transfer to a nitrocellulose filter hybridization 
was performed with in vitro 32P-labeled PrV DNA. The 
molecular weights (md)"""Ofthe viral DNA fragments are 
indicated on the right. 
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HIND m 

1 2 3 4 6 7 8 9 10 11 

Fig. 6 Blot hybridization following Hind III 
digestion of DNA (20 ug) obtained from organ tissues of 
different latently infected pigs. Lane land 10 
represents a positive control of 10 and 1 viral genome 
equivalent, respectively, in the presence of 20 ug calf 
thymus DNA. Lanes: (2) white blood cells, 6.5 months 
p.i., after immunosuppression; (3) and (4) brain stem, 
6.5 months p.i.; (5) trigeminal ganglia,S months p.i.; 
(6) medulla, 6 months p.i.; (7) spinal cord,S months 
p.i.; (8) and (9) spinal cord, 6 months p.i.; (11) brain 
stem of an uninfected pig as a negative control. The 3 
virusspecific Hind III DNA fragments are indicated on 
the left. 
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ABSTRACT 

445 

Pigs which were vaccinated with an inactivated ADV vaccine 
developed a latent ADV infection up to 18 months after ADV 
challenge. Latent virus could be demonstrated up to 6.S months 
post infection by co-cultivation of different tissues (lungs, 
tonsils, olfactory bulb, brain stem, medulla). After this time, 
reactivation of latent virus was only achieved by 
immunosuppresion of the animals. Immunosuppression led to 
limited virus replication in nasal mucosa, tonsils, lymph nodes 
and central nervous system. In addition, ADV was detected in 
the nasal secretions. 

Humoral and cellular immunity was investigated before and 
after immunosuppression of the animals. Before 
immunosuppression most of the animals displayed spontaneous 
cell-mediated cytotoxicity (SCC) , antibody-dependent 
cell-mediated cytotoxicity (ADV-ADCC) and ADV-specific 
lymphocyte stimulation (ADV-LYST), and all animals had medium 
to high titres of neutralizing serum antibodies. After 
immunosuppression the number of pigs reacting in SCC and 
ADV-LYST assays was distinctly reduced, but the number of 
animals reacting in ADV-ADCC assays remained unaltered. A 
significant reduction of serum antibody titres occurred only in 
2 of 12 animals one day after the end of immunosuppression. 

INTRODUCTION 

The establishment of ADV latency after infection of 

non-vaccinated pigs which have recovered from Aujeszky's 

disease (AD) is well documented (Gutekunst, 1979; Beran et al., 

1980; Davies and Beran, 1980; Gutekunst et al., 1980; Rziha et 

al., 1981; Wittmann et al., 1982b). Since vaccination of pigs 

with inactivated ADV vaccines is commonly practised, the 

question arises as to whether or not latency will be 

established after these animals undergo virus challenge. This 

is an important point to consider in relation to the 

epizootiology and control of AD. We therefore investigated the 
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occurrence and reactivation of latent ADV following challenge 

in previously vaccinated pigs. In addition, the humoral and 

cell-mediated immune response of these animals was examined 

before and after immunosuppression (IS). 

METHODS and RESULTS 

The first part of the experiments was designed to 

investigate the appearance of ADV latency. Twenty-five pigs 

vaccinated with a commercial, inactivated vaccine were 

challenged intranasally with 109 . 0 TCID50 of the virulent ADV 

strain Phylaxia two or six weeks after the second vaccination, 

when 8-12 weeks old. At 3, 6.5, 11.5, 15, 16 and 22.5 months 

post infection (p.i.), respectively, 2 or 3 pigs were killed, 

and in parallel, 2 pigs were immunosuppressed on 4 consecutive 

days by the application of 1250 mg or 1875 mg prednisolone, and 

killed one or 3 days after the last prednisolone injection. 

Olfactory bulb, brain stem, medulla, cervical, thoracic 

and lumbar parts of the spinal cord, tonsils, retropharyngeal 

lymph nodes (RLN) and lung were removed from the animals. In 

addition to these organs, spleen, kidneys, inguinal lymph nodes 

(ILN) , nasal mucosa, vaginal and preputial mucosa, were removed 

from the immunosuppressed animals. 

Four non-vaccinated pigs were included in the studies 16 

months after ADV infection. Two animals were killed without IS 

and two animals after IS, and the organs removed. 

For virus isolation from the specimens of the 

non-irr@unosuppressed pigs co-cultivation of the tissue 

fragments in the bovine kidney cell line HDBK was applied 

(Beran et al., 1980), modified by the use of versene trypsin 

(Scriba, 1981). For demonstration of ADV multiplication in the 

tissues from all the immunosuppressed pigs the virus titration 

(suspension) method in BHK cell monolayer cultures was used, 

using 10% tissue homogenates and tenfold dilutions of them. We 

wanted to demonstrate by means of this, the change form the 

latent virus state into the active, replicating virus state. 

The infectivity titres were calculated according to Karber 

(1931) . 
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TABLE 1 ADV isolation from latently infected pigs. 

Number Months Imm. 
ND50 

Virus isolation 
of pigs p. i. suppr. 

%1 
from 

total 

Vaccinated Eig:s (group I) 

2 3 no 294 1/2 C: brain stem 
2 yes 223-294 2/2 T: nasal mucosa, retroph. 

(2.2) LNN, tonsils, medulla~ 
cerv.cord (1.5-3.1) 

3 6.5 no 97-169 3/3 C: tonsils, lung, olf. 
bulb, brain stem 

2 yes 72-97 2/2 T: tonsils, retroph.LNN, 
(42-56) inguin. LNN, olf .bulb, 

brain stem, medulla, 
cerv. and lumbal cord 
(1.1 - 3.3) 

2 11. 5 no 72-97 0/2 C: negative 
2 yes 32-256 2/2 T: olf.bulb, brain stem, 

(56-256) cerv.cord (0.7) 

3 15 no 188-388 0/3 C: negative 
3 yes 97-169 2/3 T: brain stem 

(47-256) (0.7) 

2 18 yes 284-5'12 1/2 T: tonsils, re-troph. LNN , 
(389-512) (2.7 - 3.1) 

2 22.5 no 128-512 0/2 C: negative 
2 yes 294-389 0/2 T: negative 

(128-512) 

-,-N:..:o..;.n:--_v:...;a:;;..c;:..c~in=-=:a:..:t-=e-=d,,--,E,-,l::.· g:",-s::. ( gr oup I I ) 
2 
2 

2 

C 

T 

16 no 14-18 
yes 11 

(8-14) 

0/2 
2/2 

C: negative 
T: nasal mucosa, tonsils, 

lung (0.1 - 5.1) 

Neutralization titre, in brackets results after 
immunosuppression. 

Numerator: Number of animals with positive ADV isolation. 
Denominator: Number of examined animals. 

Range of virus amounts detected in the organs 
(log10 TCID50/0.1 gr). 

Co-cultivation method. 

Titration method. 
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The inactivated (S6 0 C, 30 min) sera of the animals were 

tested for antibodies in the neutralization test in the 

presence of guinea pig complement (Jakubik and Wittmann, 1978). 

After ADV infection of the vaccinated pigs (group I) some 

animals did not show any signs of the disease whereas other 

animals displayed slight fever and slightly reduced appetite 

for a few days. In contrast, the non-vaccinated animals (group 

II) showed typical symptoms of Aujeszky's disease: fever, nasal 

discharge, loss of appetite, loss of voice and sOITillolence. 

ADV could be isolated from the non-immunosuppressed pigs 

only by co-cultivation and never by the titration method. Virus 

was found in the olfactory bulb and the brain, in the tonsils 

and in the lung up to 6.S months p.i. From 11.S months onward, 

all attempts failed to isolate ADV from non-immunosuppressed 

pigs by co-cultivation (Table 1). 

In contrast, ADV could be regularly isolated from 

immunosuppressed pigs up to 18 months p.i., however, virus 

isolation was unsuccessful after 22.S months. Until 6.S months 

p.i., ADV was most frequently found in these animals in the 

central nervous system, with no preference for any particular 

region, and als.o in the tonsils and the RLN. In addition, in 

one case only, ADV was detected in the ILN and in the nasal 

mucosa. The fact that virus titres up to 103 . 3 TCIDSO per 0.1 

gr were detected indicates the occurrence of virus 

multiplication. The ADV specificity of all isolates was 

ascertained by neutralization with ADV hyper immune serum. 

Since latency was demonstrable in non-immunosuppressed 

pigs up to 6.S months p.i. and after immunosuppression up to 18 

months p.i., one might conclude that ADV latency is reduced and 

disappears during the course of time. This assumption is 

supported by the fact that the frequency of positive ADV 

isolation from latently infected pigs decreased the longer the 

time after infection. However, the number of animals tested was 

relatively small. More sensitive experiments of the 

corresponding organ samples are in progress to detect viral DNA 

by molecular hybridization methods (Rziha et al., 1981). 

With the non-vaccinated pigs ADV isolation by 
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co-cultivation was negative when examined 16 months p.i. 

However, after immunosuppression ADV could be detected in the 

nasal mucosa, the lung and in the tonsils, where a virus titre 

of 105 . 1 TCIDSO/0.1 gr was found. 

All the vaccinated animals showed fairly high titres of 

neutralizing serum antibodies. After immunosuppression, the 

antibody levels were significantly reduced in only two of 13 

animals, when tested one day after the end of IS. In contrast, 

the non-vaccinated pigs of group II yielded rather low 

neutralization titres before and after IS when tested 16 months 

p.i. This shows that even high titres of neutralizing serum 

antibodies were of no influence on latent virus infection. This 

is not surprising since the central nervous system (CNS) is 

known to display only poor antibody-mediated and cell-mediated 

defense mechanisms (Wolinsky and Johnson, 1980). 

Some parameters of cell-mediated immunity were also 

tested, namely cell-mediated cytotoxicity and lymphocyte 

stimulation. For the former we used SlCr labelled non-infected 

and ADV infected Vero cells as target cells and unpurified 

white blood cells (WBC) as effector cells. Details of the 

various tests will be published else where. 

SCC reflects spontaneous cell-mediated cytotoxicity of the 

effector cells against non-infected target cells. This may 

reflect natural killer cell activity, but we did not verify 

this. 

ADV-CC reflects cell-mediated cytotoxicity of the effector 

cells against ADV infected target cells. Probably, it primarily 

reflects SCC against ADV infected target cells and, perhaps, 

additionally low degrees of ADV-ADCC, since the presence of 

antibody producing cells in the effector cell preparations 

cannot be excluded. It seems unlikely that T-cell cytotoxicity 

is participating since we used neither purified T-cells nor an 

isogenic system. 

ADV-ADCC reflects antibody dependent cell-mediated 

cytotoxicity of the effector cells in co-operation with the 

serum of the same donor against ADV-infected target cells. We 

did not use the usual method with non-sensitized effector cells 
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TABLE 2 Cell-mediated immunity in latently infected pigs. 

Percentage of reacting animals. 

SCC 1 total 

before IS 

after IS 

ADV-CC 1 total 

before IS 

after IS 

ADV-ADCC 1 total 

before IS 

after IS 

N-ADCC 1 total 

before IS 

after IS 

ADV-LYST 1 total 

before IS 

after IS 

N-LYST 1 total 

before IS 

after IS 

Explanation see text. 

2 Values from 19 pigs without or before 

immunosuppression (IS). 

3 
Values from 9 pigs before and after IS. 

68.4%2 

66.7%3 

22.2%3 

21 .1% 

11 • 1 % 

11 . 1 % 

94.7% 

100 % 

100 % 

36.8% 

44.4% 

11 . 1 % 

78.9% 

77.8% 

11 . 1 % 

15.8% 

11 . 1 % 

1 1 • 1 % 
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of a normal pig and the antisera of the latently infected pigs, 

since we think that the in vivo situation is more reflected by 

the modified method. 

N-ADCC is a control for the participation of non-ADV 

specific reactions in ADV-ADCC, e.g. by antibodies against 

non-viral vaccine constituents. We know from former experiments 

that traces of calf serum and BHK antigen are contained in the 

vaccine. The test procedure is according to ADV-ADCC but 

non-infected target cells were used. 

ADV-LYST reflects stimulation of ADV sensitized 

lymphocytes by ADV-antigen. 

N-LYST reflects stimulation of lymphocytes by non-viral 

control antigen, especially with regard to BHK antigen. 

Table 2 shows that SCC was displayed in 68.4% of the 19 

animals tested. Nine of them wer~ immunosuppressed. Before IS 

66.7% of them displayed SCC, whereas after IS SCC only occurred 

in 22.2% of the animals. 

ADV-CC, that is, enhanced cytotoxicicty of effector cells 

against ADV infected target cells in comparison to SCC, 

occurred in 26.3% of the animals. In the immunosuppressed part 

of them, 22.2% reacted before and 11.1% after IS. 

ADV-ADCC was displayed in 94.7% of the pigs. The 100% 

value was not reached because in one pig ADV-ADCC was a high as 

N-ADCC. From the immunosuppressed animals 100% displayed 

ADV-ADCC before and after IS. 

N-ADCC occurred in 36.8% of the animals. From the 

immunosuppressed pigs 44.4% displayed N-ADCC before and 11.1% 

after IS. However, with one exception, N-ADCC was significantly 

lower than ADV-ADCC. 

ADV-LYST was displayed in 79.0% of the animals. From the 

immunosuppressed animals 77.8% reacted before but only 11.1% 

after IS. 

N-LYST occurred in 15.8% of the animals. Of the 

immunosuppressed animals 11.1% reacted before IS and after IS. 

Rather similar results were obtained with non-vaccinated 

latently infected pigs as with the vaccinated pigs, with the 

exception that ADV-LYST was only present in one of the animals. 
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The results showed that the effect of immunosuppression on 

the immune response of the animals was mainly pronounced in SCC 

and ADV-LYST. In contrast, IS did not alter ADV-ADCC. This may 

be connected with the fact that the neutralizing antibody 

titres remained rather unaltered after IS. It remains to be 

clarified whether or not the reduction of SCC and of the 

stimulation response of sensitized lymphocytes to ADV is 

correlated with the reactivation of latent virus. However, 

according to the literature, relationships between SCC and the 

severity of infection do seem to exist with different herpes 

viruses (Ching and Lopez, 1979; Quinnan et al., 1982; wittmann 

et al., in press). On the other hand, neutralizing antibodies 

were apparently not involved in the reactivation process, 

because IS did not reduce serum antibody titres in the majority 

of the animals and ADV-ADCC was not impaired at all by IS. 

In the second part of the experiments we examined whether 

or not clinical symptoms and virus excretion appear after 

immunosuppression of latently infected, vaccinated pigs. Four 

vaccinated pigs were i.n. infected with 109 . 0 TCID50 when 11-12 

weeks old and immunosuppressed as described before 13 months 

p.i. The results are summarized in Fig. 1. 

The immunosuppressed animals displayed moderate fever, 

which never exceeded one degree above normal. ADV was found in 

the nasal secretions of 3 of the 4 animals. However, virus 

excretion usually only lated 

titres of between 10<0.1 and 

pig excreted higher amounts 

a short time and only reached low 

100 . 7 TCID per swab. Only one 
50 

of virus with a maximum of 102 . 5 

TCID 50 from day 4 until day 8. From data available in the 

literature, it might be expected that virus amounts of around 

102 . 5 TCID50 would be too small to infect immune pigs or 

cattle, but high enough to infect non-immune pigs (Baskerville, 

1972; Biront et al., 1982; Wittmann et al., 1982a). 

Two prednisolone treated control animals, not shown in the 

Figure, never showed any signs of illness. Their temperatures 

were slightly elevated around day 17 and from days 21 to 28, 

but the temperature never exceeded the normal level by more 

than 0.5 0 C. No agent cytopathic for BHK cultures could be 
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detected in the nasal swabs of the control animals. 

The reactivation of the latent virus state was also 

reflected serologically because the titres of neutralizing 

antibodies increased from values between 1:56 and 1:128 (mean 

titre 1:78) before IS, to values between 1:169 and 1:389 '(mean 

titre 1:224) 16 days after IS. 

CONCLUSION 

Our experimental results demonstrate that there is always 

the risk of the presence of an unknown number of latently, ADV 

infected pigs even in vaccinated herds in the field. These 

animals can originate either from vaccinated pigs with 

pre-existing infection, or from vaccinated pigs which are 

subsequently infected. However, the number of latently infected 

pigs is certainly lower with vaccinated pigs than with 

non-vaccinated animals, because vaccinated pigs require much 

higher virus doses for infection (Wittmann et al., 1982a). 

Since the latent virus state of vaccinated pigs can be 

reactivated by stress, and limited virus excretion can occur, 

non-immune pigs may be infected. However, it is unlikely that 

sufficient virus is excreted to infect immune (vaccinated) pigs 

and cattle. Nevertheless, it is unlikely that AD can be 

eradicated by vaccination. Vaccination reduces the economical 

losses and reduces virus spread, but does not completely 

prevent it. (The paper has been published in detail in the 

Archives of Virology, 22, 29-41, 1983). 
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Marek's disease (MD) is a contagious disease of chickens 
characterized by the development of various lymphoid tumours. 
It is induced by a specific herpesvirus that multiplies in a 
variety of cells. The persistence of viral production is well 
documented in the skin cells around the feather follicules. In 
blood leucocytes and tumour cells the viral multiplication is 
rather of the abortive form. In this paper the presence of 
Marek's Disease Herpes Virus (MDHV) was investigated in various 
chicken tissues from tumorous and non tumorous organs. The 
explant culture technique was used from ~ID affected chicken 
organs. Virus particles were found by electron microscopy in 
numerous explants. After a latent period of three weeks the 
virus particles appeared and increased in number in both 
tumorous and non tumorous tissues (ovary, testis, nerve, 
kidney, lung, spleen, thymus, heart). They replicated in 
undifferenciated mononuclear cells which were not organ 
specific. They were seen up to 180 days of culture. In vivo 
assays of infectivity were negative for the explants-Su-t--­
positive for migrating cells originating from the explants. No 
permanent cell lines were established at 37 oC. The ubiquity and 
persistence of the MDHV is discussed. It could be related to 
the presence of an undifferentiated cell type which appeared 
and could be maintained in long term culture. 

INTRODUCTION 

Marek's Disease (MD) is a contagious disease of chickens 

characterized by the development of various lymphoid tumours. 

It is induced by a specific herpesvirus (Churchill and Biggs, 

1967) that multiplies in vitro in some cells. Viral 

multiplication occurs during the life of the infected chickens 

whatever their tumorous condition. The persistence of viral 

production is well documented in feather follicle skin cells 

(Nazerian and Witter, 1970), in blood lymphocytes (Cauchy, 

1970) and in tumour cells. In skin cells the Marek's Disease 

Herpesvirus (MDHV) mUltiplies actively and may be seen both as 

the naked (nuclear) form and the enveloped (cytoplasmic) form. 
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In the other cells the multiplication is rather abortive or 

repressed as was demonstrated by in vitro cultures olf 

lymphocytes (Cauchy and Coudert, 1972; Coudert and Cauchy, 

1974), or by integration into the cellular genome of tumour 

cells (Nazerian et al., 1973). 

Using long term cultures of exp1ants of chicken tumours, 

it was previously shown that viral particles appeared after few 

days of culture in somme cells of tumour tissues (Coudert and 

Cauchy, 1975). Since in infected chickens the persistence of 

the virus is not dependent on the tumour growth, it was of 

interest to investigate explants of non tumorous tissues for 

the presence of MDHV and also to study possible enhancement of 

virus growth in tissues with tumour characteristics. In additon 

an attempt was made to determine which kind of tissue or cell 

supported viral multiplication and/or cell transformation. 

MATERIAL AND METHODS 

MD affected chickens 

MD susceptible White Leghorn chickens were obtained from a 

parental flock free of MDHV, infected at one day old with the 

HPRS 16 strain that was maintained by in vivo passages. At 6 or 

7 weeks of age about half of the chickens developed clinical 

signs of MD. Both clinically affected and asymptomatic chickens 

were killed and examined for gross MD lesions. Tumorous 

ovaries, testes and nerves, and non tumorous thymuses, spleens, 

kidneys, lungs, heart and feather follicle, were quickly 

processed by the explant culture technique for MDHV detection. 

Explant culture technigue 

The organ culture technique of Trowell's grid procedure 

modified by Jensen (Jensen et al., 1964) and adapted by De The 

et al., 1970) for nasopharyngeal carcinoma tissue, was 

described previously (Coudert and Cauchy, 1975). Briefly small 

pieces of each organ were placed on gelatin foam (Spongostan, 

Ferrosan, Malmo, Sweden) mounted on a squarish filter paper and 

stainless steel grid in a Petri dish. The medium was RPMI 1640 

with 20 per cent foetal calf serum. The cultures were 
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maintained at 37 0 C in a 5 per cent CO2 atmosphere. Three weeks 

later, the grids with explants were placed in other Petri 

dishes in order to observe the development of cells which 

migrated from the explants to the bottom of Petri dishes. 

Migrating cells were harvested by scarping and centrifugation. 

They were then fixed with osmium tetroxide and embedded in 

EPON. Explants were removed, fixed and embedded as the 

migrating cells. 

Tests for MDHV detection - Herpesvirus Particles (HVP) and 

Infectivity assay -

At the beginning of culture and at different intervals 

thereafter (as indicated in Results), a total of 113 cultured 

explants were examined by electron microscopy for the presence 

of viral particles having the chara~teristics of herpesviruses. 

A number of samples of migrating cells were also checked for 

HVP. 

For 3 explants and 6 samples of migrating cells a test of 

infectivity was performed as fOllowing: explants were ground in 

mortars with chilled medium and the suspension was injected 

into chickens. Migrating cells were trypsinised, counted, and 

injected immediately at a dose of 50,000 cells per chicken. 

Injected chickens were reared in isolators for germ free 

animals and observed for 10 weeks. Their organs were examined 

for gross and microscopic MD lesions. 

RESULTS 

1. Viral Particles detection by electron microscopy 

Out of the 20 different tissues examined, 13 of them 

showed HVP in at least one explant studied during the long term 

cultures. 

HVP were never seen in cultures before day 18 except for 

the feather follicle. Later HVP were seen at day 50, 100 and as 

late as day 240 of culture. 

From the tumorous tissues, 3/3 ovaries and 2/2 testis were 

positive for a least one explant. In contrast, not one of the 

17 explants from 3 tumorous nerves were positive. From the non 
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TABLE 1 Number of cultured tissues with Herpesvirus Particles 

(HVP) bye. microscopy 

With HVP Number 

tested 

TUMOROUS TISSUES 

Ovaries 3 3 

Testis 2 2 

Nerves 0 3 

NONTUMOROUS TISSUES 

Thymuses 2 3 

Spleens 2 2 

Kidneys 1 3 

Lungs 1 2 

Heart 1 1 

Feather follicles 1 1 

Total 13 20 

tumorous tissue 2/3 thymuses, 2/2 spleens, 1/3 kidneys, 1/2 

lungs, 1/1 heart, and 1/1 feather follicle were found positive. 

In migrating cells one sample from a tumorous testis 

cultured explant was positive and 2 samples of the same lung 

explant which was cultured for 3 and 8 months respectively, 

were HVP positive. 

Viral particles appeared in all cases as unenveloped 

virions in nuclei of living cells or within debris of lysed 

cells in some long term cultures (Fig. 1 and 2). 

2. Assays of infectivity 

No explants were found to be infectious although they 

contained HVP before treatment and injection. On the contrary 

all migrating cells were infectious to chickens except for 



Fig. 1: HVP in migrating cells of lung explant cultured for 
110 days x 40,000. 

Fig. 2: HVP in lysed cells of kidney explant cultured for 
69 days x 32,500. 
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TABLE 2 Marek's disease infectivity of explants and 

migrating cells from long term cultures organs. 

EXPLANTS 

Testis TT 11. I 

Testis TT 17.IV 

Thymus Thy 2S.VI 

MIGRATING CELLS 

Ovary OT S.IV 

Testis TT 17.VI 

Thymus Thy 2S.VI 

Thymus Thy 11.IV 

Lung 1) L. 17.IV 

2) L. 17.IV 

a 50,000 cells 

Age of culture 

(Days) 

ISO 

240 

ISO 

70 

120 

ISO 

70 

90 

240 

HVP before 

Assay 

+ 

+ 

+ 

0 

+ 
0 

0 

+ 

+ 

were injected/chicken 

MD positive 
Infected 
chickens 

0/11 

0/11 

0/11 

O/Sa 

S/6 a 

3/S a 

4/4 a 

1/2b 

S/Sa 

b only 100,000 cells were harvested and injected 

into 2 chickens (50,000 cells/chicken) 

cells originating from a tumorous ovary. From a non tumorous 

lung, infectious migrating cells were found at day 90 and 240 

respectively. In the other cases, migrating cells were 

infectious although electron microscopy was negative for HVP in 

previous assays. 

3. Nature of cells in cultured explants and migrating cells 

Organ specific cells disappeared from the explants at 

various times but shortly after culture, as evidenced by 

ovarian follicles, Sertoli cells and spermatides, nephrotic and 

glomerular kidney cells, thymocytes, muscular cells, etc. Later 

other cells which constituted the main cell population were 

observed. These cells often appeared mononuclear, with numerous 

inclusions in the cytoplasm, a round or lightly indented pale 
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Fig. 3: Clusters of migrating cells of tumoral ovary explant cultured for 114 days x 120. 

Fig. 4: Mononuclear cells of tumoral ovary explant cultured for 61 days x 4,600. 
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nucleus, a normal Golgi apparatus and a developed endoplasmic 

reticulum (Fig. 4). Their number decreased with time but some 

were still present at day 240. 

After 1 or 2 weeks of culture fibroblastic cells began to 

migrate and to constitute monolayers on the Petri dish bottom. 

Subsequent waves of other larger cells migrated and formed 

clusters of round refringent cells which were loosely attached 

to the bottom (Fig. 3). Some of the migrating cells have been 

passaged several times at 37 0 C but their multiplication stopped 

within 5-6 months. 

DISCUSSION 

The explant technique was able to demonstrate HVP in a 

number of assays but not in all the samples despite careful 

electron microscopic examinations. Such results demonstrate the 

ability of HDHV to multiply in various tissues, thus supporting 

the ubiquitons character of MDHV. It was expected to find HVP 

in nonneuronal cells of nerves as shown by Pepose and al., 

1981. The failure of our results with nerves could be due to 

the in vitro swelling of collagenic fibers which restricted the 

number of viable cells. Such alteration was also found in 

feather follicles in which explants were negative after a first 

positive culture. 

The in vitro persistence of HDHV multiplication could 

indicate that life long target cells exist in both tumorous and 

non tumorous tissues. However HDHV is known to actively 

multiply in epithelial skin cells during the life of infected 

chickens. However the mechanism of that persistent infection is 

not still clear. Persistent cell-associated viremia was 

supported by the blood lymphocytes but previous reports 

(Coudert and Cauchy, 1974) failed to demonstrate viable 

lymphocytic cells in cultures older than a month. These results 

were not consistent with the long persistence of blood 

lymphocytes in the explants. However the mononuclear cells 

which were found to be infected in long term cultures were 

undifferentiated rather than lymphocytic cells. Our opinion is 

that one type of cell, perhaps reticular, undifferentiated, and 
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of mesodermal origin, which could exist in all the tissues of 

chickens, maybe able to support the albeit poor multiplication 

of MDHV. This kind of cell had some similarities in morphology 

with the migrating cells, which were described previously. 

Unfortunately there was a discrepancy in the infectivity 

between the explants cells and the migrating cells, probably 

because the former cells were rare and/or destroyed by the 

treatment before injecting into the chickens. 

A question remains about the mechanism by which the 

productive MDHV infection could be maintained for such a long 

time in cultures in vitro. Is the MDHV production normally 

repressed and transiently derepressed according to the stage of 

specific differentiation of the target cells? It might be of 

interest to know whether a relationship could exist between 

repressed MDHV multiplication in undifferentiated cells and 

oncogenic transformation. 

CONCLUSIONS 

Such results corroborate the presence of MDHV in many 

organs and could offer a new explanation of the persistence of 

viremia in infected chickens. The multiplication of MDHV is not 

dependent of a tumorous environment. The target cell for viral 

production seems to be a type of undifferentiated mononuclear 

cell which was able to grow in very long term culture. 
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Marek's disease (MD) has been4induced in turkeys by the 
inoculation of large doses (5 x 10 plaque forming units) of a 
virulent strain of MD virus (GA) but not of two other virulent 
strains (HPRS 16 and JM). The disease differed from both the 
acute and classical forms of MD seen in chickens and the most 
prominent findings were lymhocytic leukaemia and lymphoid and 
reticular hyperplasia in the spleen and liver. None of the 
early histological changes (lymphoid cell destruction and 
reticuloendothelial cell hyperplasia) reported in chickens 
were observed, and haematological changes were less 
pronounced. 

Eight lymphoid cell lines have been cultured from the 
leukaemic blood and spleens of affected turkeys. The lines 
share a common morphology and express MD-associated tumour 
surface antigen, ~mTSA. On the basis of lack of 
immunofluorescent staining with specific anti-T cell, anti-B 
cell or anti-turkey immunoglobulin antisera the lines have 
been characterised as T-cells. 

INTRODUCTION 

Marek's disease (MD) is a lymphoproliferative disease of 

chickens characterised by lymphoid infiltration of the 

peripheral nerves and visceral organs (see Payne et al., 

1976). The disease is caused by a herpesvirus (MDV) and 

infection is associated with the expression of virus-specific 

antigens, particularly in the lymphoid organs of susceptible 

chickens. In addition, a MD-associated tumour surface antigen 

(lflliTSA) is induced on lymphoid cells, as a result, it is 

assumed, of malignant transformation of the cells. It has been 

shown previously that experimental inoculation of pathogenic 

MDV can cause a lymphomatous disease in turkeys (Paul et al., 

1977; Elmubarak et al., 1981). We have confirmed and extended 

these earlier observations and we have, in addition, 

established several lymphoid cell lines which have been 

characterised as T-cells. 
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~ffiTERIALS AND METHODS 

Experiments 1 and 2 were concerned with the experimental 

induction of disease in 2 commercial strains (designated A and 

B) of turkeys by inoculation of 3 strains of MDV (GA, HPRS 16, 

JH) • 

Experiment 3 was designed to study the pathogenesis of 

the disease, following the basic schemes of Payne and Rennie 

(1973 and 1976). Groups of poults were inoculated at 10 days 

old with 5 x 104 plaque forming units (pfu) of cell-associated 

MDV (GA strain) and control poults housed separately were sham 

injected. At intervals after infection 5 infected and 2 

control turkeys were killed. The body weights and weights of 

the bursa, thymus and spleen were determined. The following 

tissues were examined histologically for evidence of reticulum 

cell hyperplasia, lymphoid proliferation and intranuclear 

inclusion bodies: feather follicle, breast muscle, heart 

muscle, liver, kidney, lung, proventriculus, gonad, adrenal, 

thyroid, spleen, bursa, thymus and sciatic and brachial 

plexuses. Frozen sections of the bursa, thymus, spleen, liver, 

proventriculus and feather follicle were examined with chicken 

anti-MDV fluorescein-conjugated antiserum for the presence of 

viral antigens. Suspensions of blood mononuclear cells and of 

spleen, bursa and thymus cells were assayed on chicken kidney 

cell monolayers for the presence of infectious virus (Powell 

and Rowell, 1977). Smears of these suspensions (fixed and 

unfixed) were also examined with specific antiserum for viral 

antigens. At each sampling time heparinised and citrated blood 

was collected from 5 infected and 5 control turkeys. Total and 

differential white cell counts were made and mononuclear cells 

were examined in the indirect immunofluorescence test for 

staining with specific anti-MATSA, anti-turkey T-cell, 

anti-turkey B-cell and anti-turkey immunoglobulin antisera. 

The anti-MATSA antiserum was prepared by injecting rabbits 

with a chicken lymphoblastoid cell line (MDCC-HPl) as 

described by Powell and Rennie (1978); the other antisera were 

prepared according to the method of Hudson and Roitt (1973). 

At 7, 21 and 35 days after infection 9 infected and 9 
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control poults were inoculated with 1 ml of a 10% suspension 

of sheep erythrocytes and with 0.25 ml of a suspension of 

killed Brucella abortus containing 5 x 109 organisms. Seven 

days after each injection the birds were bled and the serum 

assayed for agglutinins. 

Establishment of cell lines 

Single cell suspensions from splenic tumours or from the 

buffy coats of leukaemic birds were cultured by a liquid 

culture technique described by Payne et al. (1981). 

RESULTS 

Preliminary results are given below; a definitive account 

will appear in a later paper. 

MD mortality 

It was found in earlier experiments that the dose of 

virus normally administered when infecting chickens (103 pfu) 

failed to induce any lesions in turkeys and, on the basis of 

the lack of any serological response and the failure to 

reisolate virus, apparently did not infect the birds. Two 

commercial strains of turkeys were inoculated with large doses 

of 3 different strains of MDV and mortality was observed over 

a 5 month period. The results (Table 1) showed that the GA 

strain of MDV, but not HPRS 16 or JM, when administered as a 

large dose, caused lymphoma formation and death. Dead birds 

had grossly enlarged livers and spleens; gross lesions in 

other visceral organs were not common. 

MD pathogenesis 

Following inoculation with GA virus, randomly selected 

groups of turkeys were killed at twice weekly or weekly 

intervals. The results of the observations made on these birds 

are summarised in Table 2. No birds showed clinical signs of 

disease until after 31 days post-infection, and the first 

deaths occurred at 38 days post-infection. The most striking 
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TABLE 1 Marek's disease mortality in turkeys 

Experiment 

1 

2 

finding was 

virological 

the 

Turkey 
strain 

l'. 

A 

A 

B 

B 

lack of 

changes in 

Virus 
strain 

GA 

HPRS 16 

JM 

GA 

GA 

Dose per 
poult 

4.5 x 104 

6.2 x 104 

6.3 x 104 

14.3 10 4 x 

10.0 x 104 

significant histological 

Mortality 

2/2 

0/9 

0/18 

17/20 

9/11 

and 

the early stages of the disease. Virus 

was isolated sporadically at very low titre from suspensions 

of lymphoid cells during the course of the experiment, and 

viral antigens were observed in frozen sections rarely and 

then only towards the end of the experiment. Histologically, 

no changes \vere observed in the sampled birds until 38 days 

after infection when regression of the bursa and thymus was 

prominent and lymphoid proliferation was observed in some 

visceral organs. These changes in the lymphoid organs were 

reflected in the changes in the weights of the organs which 

were consistent with regression of the bursa and thymus and 

lymphoid proliferation in the spleen. 

Histological examination of birds that died revealed 

proliferative lesions in many visceral organs. The in­

filtrating cells were a heterogeneous population in which 

small and medium lymphocytes, and reticulum cells were 

prominent (Fig. 1). These proliferative lesions were 

accompanied by degenerative changes in the bursa and the 

thymus. During the course of this study, lymphoproliferative 

changes were not observed in the peripheral nerves or feather 

follicle regions, but in subsequent experiments a few turkeys 

did develop lymphoproliferation typical of HD in the 

peripheral nerves. 
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Fig. 1 Infiltrating lymphocytes and reticulum cells in 
the liver of a turkey 64 days after infection with 
Marek's disease virus (GA strain). H. & E., x 930. 

Haematological changes 

Infection had little effect on the total numbers of 

mononuclear cells in blood suspensions from randomly sampled 

birds (Fig. 2). However, some individual turkeys selected for 

clinical signs of disease had greatly elevated mononuclear 

cell counts. Blood from these birds contained large numbers of 

medium and large lymphocytes and lymphoblasts. The percentages 

of B-cells and T-cells in the blood were unaffected by 

infection. The proportions of B-cells in uninfected and 

infected turkeys remained constant throughout the period 

studied, with average values of 14.4% ± 0.64 s.e.m. and 13.3% 

± 0.86 respectively. The equivalent values for T-cells were 

77.5% ± 0.80 and 78.7% ± 0.82. The proportions of cells 

expressing membrane immunoglobulins in control and infected 

turkeys were 11.1% ± 0.80 and 10.2% ± 0 . 65 respectively. 

Cells expressing MATSA were detected only in infected 
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100,000 

Mononuclear cells • 
• o 

10,000 

0-----0 Control 

•............• Infected 

1000~------r-----~-------r------,-------r------,-------r------,-----~ 
10 20 30 40 50 60 70 80 

Days after infection 

Fig. 2 Individual and mean numbers of mononuclear 
cells (lymphocytes and monocytes) in the blood of 
infected and control turkeys. 

90 

turkeys, but other than in leukaemic birds, the proportion of 

peripheral blood lymphocytes positive did not exceed 4% and 

more usually was less than 2%. Mononuclear cells from 

leukaemic chickens, however, contained between 8% and 27% 

MATSA-bearing cells. 

Immunosuppressive effects of infection 

Infection caused a significant (p<O.OOl) depression in 

the primary response to B. abortus antigen but the response to 

sheep erythrocytes was unaffected (Table 3). Secondary and 

tertiary antibody responses of infected turkeys to sheep 

erythrocytes, but not to B. abortus, were also significantly 

depressed (p<O.05). 

Establishment and characterisation of cell lines 

A total of 8 cell l·ines have been established from 

cultures of spleen cells or buffy coat cells from infected and 

leukaemic turkeys. This represents a success rate of 73%. The 

cell lines consist of a mixed population of medium and large 



476 

TABLE 3 Agglutinin responses to sheep erythrocytes and 

B.abortus in infected and control turkeys 

Sheep erythrocytes B.abortus 

1° 1° 

In-

fected 3.7~0.29*5.2~0.40 6.6~0.32 1.1~0.35 11.0~0.33 10.3~O.49 
Con-

trol 3.3~0.84 7.1~0.52 7.8~0.37 5.2~0.84 10.8~0.15 9.6~0.75 
* 10g2 titre + mean - s.e.m. 

lymphocytes with a few lymphoblasts (Fig. 3). The four cell 

lines that have so far been tested appear to be producer cell 

lines although the levels of virus expression indicated by 

immunofluorescence or by isolation in tissue culture were very 

low; chick inoculation experiments confirmed the presence of 

Fig. 3 Cells of the lymphoid cell line MDTC-HPl14-1 
derived from the leukaemic blood of an infected turkey. 
May-Grlinwald & Giemsa, x 930. 
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infectious MDV. All of the cell lines were examined for the 

presence of B-cell and T-cell antigens using specific antisera 

prepared in rabbits against turkey thymus cells, turkey bursa 

cells and turkey immunoglobulins. The mean percentage of cells 

expressing T-cell antigens was 85.2% (Table 4). Using a 

specific rabbit anti-MATSA serum raised against a chicken MD 

lymphoblastoid cell line (MDCC-HP1), the mean percentage of 

cells expressing MATSA was 60.9% (Table 4). 

TABLE 4 Percentage of cells showing membrane fluorescence 

Turkey 
cell lines 

t-IDTC-HP4l-l 
MD'I'C-HP4l-2 
MDTC-HP48-3 
MDTC-HP1l4-l 
MDTC-HP1l4-2 
MDTC-HP1l5 
MDTC-HP1l6 
MDTC-HP1l7 
MDTC-HP1l8 
MDTC-HP1l9 

Chicken 
cell line 

MDCC-HP3 

anti-turkey 
T-cells 

89.7 
90.2 
92.0 
73.1 
77.9 
88.3 
82.9 
92.2 
82.8 
83.3 

11.3 

Antisera 

anti-turkey 
B-cells 

2.8 
0.0 
0.8 
2.1 
0.4 
0.4 
1.7 

.0.0 
0.0 
6.0 

6.2 

anti-turkey 
immunoglobulin 

0.0 
0.0 
0.0 
0.4 
0.4 
1.8 
1.6 
0.8 
0.4 
2.6 

0.0 

anti­
MATSA 

69.0 
70.4 
61.7 
53.7 
56.5 
59.2 
58.6 
55.0 
61.8 
63.1 

53.5 

Preliminary experiments have indicated that the cell 

lines release substances into the culture medium (i.e. lympho­

kines) which suppress the response of normal chicken spleen 

cells to concanavalin A. Surprisingly, the same samples of 

culture medium were found to enhance the response of normal 

chicken spleen cells to phytohaemagglutinin and to poke weed 

mitogen. 

DISCUSSION 

These observations confirm previous reports that 

inoculation of the GA strain of MDV into turkeys can cause a 

disease characterised by lymphoproliferation in the visceral 

organs and gross tumour formation. There were, however, many 

differences between the disease induced in turkeys and MD in 
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chickens. There was no evidence of early histological changes 

in the lymphoid organs of the type described in susceptible 

strains of chickens (Payne and Rennie, 1973). This probably 

reflects a lack of significant virus replication in these 

sites, and is consistent with our failure, with very 

occasional exceptions, to detect virus or viral antigens. A 

lack of early virus replication would similarly account for 

our failure to observe any early haematological changes. 

Despite these negative features, there was a high incidence of 

lymphomatous disease, and it appears that clinical disease 

developed rapidly with few premonitory signs. The lack of 

significant early pathology may have been due to the fact that 

MDV is a naturally occurring virus of chickens, which does not 

normally infect turkeys. Although infection may be 

experimentally established, as indicated by the ultimate 

development of disease, it appears that non-productive 

infection and malignant transformation of lymphocytes occurs 

in the virtual absence of semi-productive infection and virus 

replication. There was also no evidence of productive 

infection in the feather follicles, of the type responsible 

for virus shedding in chickens. It is perhaps significant that 

it was not possible to rescue virus from lymphomatous 

material, and that the four cell lines tested contained very 

low titres of infectious ~IDV. This supports the notion that 

the preferred relationship between turkey lymphocytes and MDV 

is of the non-producer type. 

The cell lines were characterised as belonging to the 

T-cell lineage on the basis of cell surface staining. This was 

not unexpected as all .the established MD cell lines of chicken 

origin express T-cell antigens, and it is believed that 

T-cells are the targets for neoplastic transformation by MDV. 

This conclusion is, however, at variance with the findings of 

Nazerian et al. (1982) who characterised turkey lymphoblastoid 

cell lines as B-cells, on the basis of the reactions of the 

cells with anti-chicken T-cell, anti-chicken B-cell and 

anti-chicken immunoglobulin antisera; in our hands, such 

antisera did not give specific reactions with turkey cells. 
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There were differences between our observations on the 

pathogenesis of the disease in turkeys and those of Elmubarak 

et al. (1981) who, also using GA virus strain, described an 

early lytic stage associated with viral antigen in the thymus 

and spleen, consistent virus rescue from blood leukocytes, and 

virus-induced immunosuppression. The virus titres were, 

however, much lower (10 to lOa-fold) than those found in 

chickens, and the occurrence of viral antigen and of lytic 

lesions (which were described as mild) was lower than in 

chickens. These differences may be attributable to different 

strains of turkey. 
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ABSTRACT 
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The state of latent viral DNA in Marek's disease virus 
(MDV) - transformed chicken cell lines was investigated. In 
addition to integrated viral DNA sequences, free MDV DNA with 
properties of plasmid molecules could be demonstrated in the 
virus producer line MDCC-MSBI, as well as in the non-producer 
line MDCC-HP2. In contrast, in the non-producer line MDCC-RP1 
viral DNA appeared to be mainly associated with the cellular 
DNA. Treatment of the cell lines with tetradecanoylphorbol 
acetate (TPA) did not influence significantly the intracellular 
state of the viral genome. 

INTRODUCTION 

Marek's disease (MD) is a highly contagious neoplastic 

disease in domestic fowls. In vivo, virus infection leads to 

the development of malignant lymphomas, apparently as a 

consequence of an abortive infection of the T cells. The 

lymphoid tumours of the infected animals are free of viral 

antigens and virus particles, but viral DNA can be demonstrated 

in single tumour cells (Nazerian et al., 1973; Ross et al., 

1981; Rziha, unpubl.). Chickens vaccinated with the apathogenic 

herpesvirus of turkeys (HVT) can be protected against MD tumour 

development by a still unknown mechanism. In view of the 

protective role of HVT, and of the antigenic and immunologic 

similiarities between HVT and MDV, it was very surprising that 

both viruses lack major genome homologies. The DNA analysis of 

MDV and HVT displays homologous equences only in the range of 

1 - 5% (Hirai et al., 1979; Kaschka-Dierich et al., 1979a; 

Tamaka et al., 1980; Nonoyama and Hirai, 1981; Rziha, unpub1.). 

Several lymphoblastoid cell lines have been established 

from MD tumours, but in vitro transformation of chicken 
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lymphoid cells by MDV has not yet been accomplished. All these 

cell lines share common properties, such as carrying T cell 

markers and expressing MD associated tumour surface antigens 

(MATSA). All established cell lines contain multiple copies of 

MDV DNA (Nazerian et al., 1973; Nazerian, 1979), but production 

of viral antigens and virus particles varies in the different 

cell lines. In contrast to the virus non-producer lines, some 

cell lines produce virus particles in a small percentage of the 

cell population. The existence of MD lymphoblastoid cell lines 

enables investigations of mechanisms leading to 

herpesvirus-induced transformation and viral persistence. 

We report here our studies on the state of the persistent 

MDV DNA in a producer line, and in two non-producer lines. 

Additionally, induction experiments with the phorbol ester 

tetradecanoylphorbol acetate (TPA) are briefly reported. 

METHODS 

The two non-producer lines MDCC-HP2 (HP2, Powell et al., 

1974) and MDCC-RP1 (RP1, Nazerian et al., 1977), as well as the 

producer line MDCC-MSB1 (MSB1, Akiyama and Kato, 1973) were 

investigated. The cells were maintained in culture as described 

previously (Rziha and Bauer, 1982). Virus-specific 

intracellular antigens were demonstrated by indirect 

immunofluorescence tests (v. BUlow and Schmid, 1979). Virus 

production was tested by co-cultivation of the cells on chick 

embryo fibroblasts (CEF) following plaque assays in 0.9% 

agarose-medium. Treatment with the phorbol ester TPA (20 ng/ml 

culture medium) was performed essentially as described (zur 

Hausen et al., 1978). MDV DNA was demonstrated by in situ 

cytohybridization using in vitro synthesized 3H-labeled cRNA 

(Brahic and Haase, 1978, Moar and Klein, 1978). The following 

control experiments attested to the specificity of the 

hybridizations: (i) the MDV probe did not hybridize to 

uninfected CEF, and (ii) the reaction was greatly reduced after 

DNase treatment. The experiments for the investigation of the 

intracellular state of the viral DNA in the cell lines were 

recently published (Rziha and Bauer, 1982). 



RESULTS AND DISCUSSION 

All MDV-transformed cell lines investigated contain 

multiple copies of the viral genome (Nazerian et al., 1973; 

Nazerian, 1979). The number of genome equivalents per cell 

ranges from about 100 genomes in the producer line MSB1 to 
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10 - 20 genomes or less in the different non-producer lines. 

The occurrence of the viral DNA in these cells can be 

demonstrated by in situ hybridization, as shown in Figures 1 

and 2. The results indicated that nearly every cell of the MSB1 

• 

• 

f . . 

\ 
I 

Fig. 1 In situ hybridization demonstrating MDV DNA in 
MSB1 cells-.-Autoradiographic exposure was for 2 weeks. 

line (Fig. 1) and of the RP1 line (Fig. 2) contained viral DNA. 

Similar results have been published recently (Ross et al., 

1981). In further experiments the three cell lines described 

were tested for inducibility of virus production, viral 

antigen, and viral DNA synthesis after treatment with the 

phorbol ester TPA (zur Hausen et al., 1978). Untreated control 

and TPA-treated cultures were assayed 2-7 days later. In the 
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Fig. 2 In situ hybridizat~on showing MDV DNA in RPI 
cells. In order to enhance the sensitivity of the 
hybridization, dextran sulphate (10% w/v) was added to the 
annealing mixture. Au~oradiographic exposure was for 5 
weeks. 

producer line MSBl, TPA caused a slight increase of 

intracellular viral antigens as determined by indirect 

immunofluorescence. A similar enhancement of virus replication 

could be found after co-cultivation with CEF cultures, as well 

as after in situ hybridization for MDV DNA (data not shown). 

TPA treatment of the non-producer lines, however, did not 

result in virus production, "and no significant increase of 

viral DNA synthesis and antigen expression c'ould be observed. 

How the viral genome is transmitted and maintained in the 

MDV-transformed cells is an unsettled question. So far, the 

state of MDV DNA in these cells has not been clearly defined. 

In the low producer line MDCC-HPl, Kaschka-Dierich et al. 

(1979b) suggested a stable association between the viral and 

the cellular genome. On the other hand, they found both 
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integrated and free viral DNA in the MSB1 cells, but were 

unable to show the existence of covalently closed circular DNA. 

In contrast, viral plasmid DNA could be demonstrated in the 

majority of the cells of the non-producer line MKT-1 (Tanaka et 

al., 1978). 

Therefore, we decided to investigate the state of MDV DNA 

in two further non-producer lines, HP2 and RP1, respectively. 

Additionally we included the producer line MSB1 in our studies, 

which were recently published in detail (Rziha and Bauer, 

1982). After gentle lysis of the cells, total DNA was 

extracted, and fractionated on neutral CsCl-density gradients. 

These experiments demonstrated viral DNA sequences in the MSB1 

and HP2 cells banding at the density position of purified 

virion DNA (1.705 giml), indicative of the existence of free 

MDV DNA. After size reduction of the cell DNAs from the two 

lines following re-centrifugation on neutral CsCl gradients a 

large proportion of the DNA material was released, which banded 

again at the density of free viral DNA. In the RP1 cells, 

however, the vast majority of viral DNA was detected in the 

cellular DNA range after shearing of the DNA or after 

centrifugation under denaturing conditions (data not shown). 

Therefore, we suggest that MDV DNA is mostly associated with 

the cell genome of the RP1 cells, although definite evidence 

for integration remains to be demonstrated. But both integrated 

and free viral DNA was found in the MSB1 and HP2 cells. In 

order to investigate the sedimentation properties of the free 

MDV DNA, the corresponding CsCl fractions were pooled, and 

further analysed by glycerol gradient centrifugation. The 

results shown in Figure 3 are representative of both MSB1 and 

HP2 DNA, since their hybridization profiles were nearly 

identical. A prominent viral DNA peak was reproducibly detected 

in the 100 S region of the gradient (Fig. 3, fraction 10), 

representing about 30% of the free MDV DNA. This is expected 

for the sedimentation of covalently closed circular molecules. 

The presence of MDV plasmid DNA could be confirmed after 

centrifugation of the 100 S DNA material in ethidium 

bromide-CsCl-density gradients (Fig. 4). As shown in the 
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Figure, about 35% of the 100 S MDV DNA banded near the density 

of the covalently closed supercoiled marker DNA (human 

papovavirus DNA, BKV I, 1.60 giml). The remainder of the MDV 

DNA was found at the density of open circular DNA (BKV II) , 

which could be due to mechanical breakdown. 
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Fig. 3 Glycerol gradient centrifugation of MDV DNA from 
MSB1 and HP2 cells pre-fractionated in CsCl-density 
gradients. Sedimentation was from right to left. The arrow 
indicates the position of the 54 S marker DNA. 

TPA treatment of the cells, as described above, did not 

significantly influence the intracellular state of the viral 

genome in the cell lines tested. 

It has been well documented that the majority of the DNA 

of other oncogenic herpesviruses, such as EBV (Adams, 1978), 

and herpesvirus saimiri (Werner et al., 1977), exist as 

circular plasmids. These studies demonstrate the presence of 

circular viral DNA in two further MDV-transformed cell lines, 

whereas in the third cell line tested (RP1) the viral DNA 

seemed to be mainly associated with the cellular genome. The 

failure to detect circular DNA in these cells might be due to 

the low yield of viral DNA. Furthermore, the existence of 

defective MDV DNA banding close to the cellular DNA density 
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Fig. 4 Ethidium bromideCsCl-density gradient centri-
fugation of 100 S MDV DNA. The bottom of the gradient is 
to the left. 

region cannot be excluded (Tanaka et al., 1980). Finally, it is 

possible that viral DNA occurs in a different intracellular 

state in the different MDV-transformed cell lines. On the other 

hand, since circular viral DNA can be found in cells 

transformed by herpesviruses, one might speculate that the 

plasmid form could be mandatory for a herpesvirus-induced 

transformation. 

(This work was supported by the Bundesministerium fUr FOY'schung 

und Technologie, F.R.G., PTB 8066). 
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LATENCY OF PIGEON HERPESVIRUS 1 (PHV1) 
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Pigeon herpesvirus 1 (PHVl) infection induces lesions in 
the upper digestive and respiratory tracts. It is the most 
common infection of pigeons in the E.E.C. 
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After experimental inoculation of squabs free of the 
infection, animals excrete high titres of infectious particles 
of PHV1 very soon and this excretion lasts a minimum of 7 to 10 
days. The typical lesions appear 1 to 3 days after inoculation 
when viral excretion reaches its maximum. Mild episodes of 
recurrence (re-excretion of the virus) may occur spontaneously 
without clinical signs. High titres of antibodies do not 
prevent these recurrences and, conversely, recurrent episodes 
are not more frequent when the animals are nearly devoid of 
specific antibodies. 

If experimentally infected pigeons are treated with 
cyclophosphamide a few months later, a viral excretion episode, 
nearly equivalent to that following primary infection, is 
provoked. 

In a flock of pigeons naturally infected with PHV1, mature 
birds are asymptomatic carriers of the virus and they shed it 
from time to time. They may therefore transmit it to their 
offspring. Squabs become infected when they are protected from 
the disease by passive immunity of parental origin. Indeed, 
parental passive immunity, as in the other avian species, is 
conferred to the squabs through the egg yolk and protects it 
from the worst effects of infection. Therefore most of the 
squabs become latent carriers themselves after this initial 
infection although they are very soon devoid of detectable 
antibodies; nevertheless infection can be unmasked by 
cyclophosphamide treatment. 

Clinical disease is therefore mainly observed during 
primary infection of young pigeons born to parents free of the 
infection or in carriers of the ~irus with the help of 
debilitating factors. 

A strain of PHV1 has been attenuated by 100 passages on 
chicken embryo fibroblasts. The resulting attenuated strain 
multiplies in the animal to the same extent as the original 
wild strain and persists also after vaccination. 

Previous infection of the pigeon with a wild strain of PHV1 
prevents the occurrence of symptoms when they are re-infected. 

Vaccination of pigeons either with the attenuated strain or 
with inactivated wild virus in oil adjuvant reduces viral 
excretion and symptoms after challenge with a virulent strain 
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but is unable to prevent the establishment of latency as 
demonstrated by cyclophosphamide treatment of the animals. 
However, vaccination diminishes spontaneous viral re-excretion 
and therefore viral dissemination. 

In conclusion, immunity, either passive or active, does not 
prevent the establishment of latent infection but helps to 
control the dissemination of the virus and protects from the 
disease resulting from infection. Under natural conditions, 
there is a sophisticated equilibrium between the virus and its 
host that prevents the occurrence of the disease. 

INTRODUCTION 

Since 1967, a herpesvirus (Pigeon herpesvirus 1, PHVl) has 

been isolated from pigeons affected with respiratory illness in 

numerous countries including Great-Britain, Belgium, France, 

Germany and Italy (Vindevogel, 1981). 

Pigeon herpesvirus 1 infection is widespread in Belgium. 

Indeed, specific antibodies were detected by indirect 

immunofluorescence in the sera of 84% of clinically normal 

pigeons and by counter-immuno-electro-osmophoresis (C.I.E.O.P.) 

in 63% of the sera of pigeons affected with acute respiratory 

illness. Ph~1 has been isolated in 60% of dove-cots permanently 

affected with respiratory troubles (Vindevogel et al., 1981; 

Vindevogel, 1981). A similar situation has been described in 

France and Germany (Heffels et al., 1981; Landre et al., 1982). 

PHVI seems therefore to be frequently associated with 

respiratory distress in pigeons and we were able to reproduce 

the natural disease by experimental exposure of pigeons to the 

virus (Vindevogel et al., 1975; Vindevogel and Pastoret, 1981). 

Classical signs of PHVI infection are conjunctivitis, 

rhinitis and focal necrosis in mouth, pharynx and larynx. In 

addition, during natural outbreaks, lesions may be observed in 

the trachea, liver, spleen, kidney and pancreas (Vindevogel and 

Pastoret, 1981). 

PHVI has also been isolated from budgerigars where it 

provokes, naturally or experimentally, fatal hepatitis 

(Vindevogel and Duchatel, 1977; Vindevogel et al., 1980b). 

PHVI cannot be antigenically distinguished from Falcon 

herpesvirus and Owl herpesvirus but is antigenically dissimilar 

to Turkey herpesvirus (Turkey herpesvirus 1), Marek's disease 

virus (Phasianid herpesvirus 2), infectious laryngotracheitis 
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virus (Phasianid herpesvirus 1) and duck plague herpesvirus 

(Anatid herpesvirus 1). PHV1 can also be clearly distinguished 

from Psittacine herpesvirus (Pacheco's disease virus) both from 

the point of view of its antigenic composition and biological 

properties (Purchase et al., 1972; Mare et Graham, 1973; 

Vindevogel et al., 1980b; Vindevogel, 1981). 

EXPERIMENTAL INFECTION OF NORMAL PIGEONS (Vindevogel et al., 

1980a) 

For all experimental infections, squabs from parents free 

of the infection were used. After inoculation by pharyngeal 

painting. of 10 5 pfu, the level of excretion of infectious 

particles in pharyngeal swabs was recorded as well the 

evolution of neutralizing antibodies and clinical signs. 

a. Primary infection: 

All the squabs excreted infectious particles 24 hours after 

infection with a maximum of excretion between the second and 

the fourth day. Excretion persisted generally seven to ten 

days. One squab died from the disease. Neutralizing antibodies 

appeared from the end of the first week following infection. 

The highest titre was observed on day 20 and then decreased 

slowly until day 90. 

b. Spontaneous re-excretion: 

After the first period of continuous excretion following 

the primary infection, spontaneous re-excretion without 

clinical signs was observed in several pigeons. High titres of 

specific antibodies did not prevent the occurrence of 

re-exretion and despite the episodes of re-excretion, specific 

antibodies decreased gradually. 

c. Experimental re-excretion: 

Ninety days after infection, the same birds were injected 

intraabdominally during four days with cyclophosphamide 

(10 mg/pigeon/day). All the pigeons re-excreted virus from 1 to 

10 days after the beginning of the treatment. Two pigeons died 
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with signs and lesions of the natural disease. The two 

surviving birds developed pharyngeal lesions associated with 

lower levels of viral excretion. The cyclophosphamide treatment 

led to a decrease in the titres of specific antibodies three 

days after the last injection; this was followed by an increase 

seven days later. 

EXPERIMENTAL INFECTION OF DEBILITATED PIGEONS (Coignoul and 

Vindevog~l, 1980; Vindevogel et al., 1980a) 

Cyclophosphamide treatment of pigeons produces a rapid 

atrophy and an intense depletion of lymphoid cells in the bursa 

of Fabricius. The thymus also shows reduced weight and 

morphological degeneration but the T-cells system regenerates 

more rapidly. Therefore, cyclophosphamide can be used to 

debilitate pigeons before infection. To compare the evolution 

of infection in debilitated pigeons~ squabs free from the 

infection were treated during four days with cyclophosphamide 

seven days before primary infection with PHV1. 

a. Primary infection: 

Daily titration of virus in the pharyngeal swabs from 

pigeons previously treated with cyclophosphamide showed a viral 

excretion similar to that of control infected pigeons. However, 

the cyclophosphamide treated pigeons showed a more severe 

clinical disease with lesions of a more acute nature and a 

similar but weaker serological response. Antibody titres became 

non specific after two months. 

b. Spontaneous re-excretion: 

Several pigeons showed also spontaneous episodes of 

re-excretion without clinical signs and these episodes were not 

more frequent when the animals were nearly devoid of specific 

antibodies. 

c. Experimental re-excretion: 

Ninety days after infection, pigeons were treated with 

cyclophosphamide as in the control infected group. All pigeons 
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re-excreted infectious particles two to five days after the 

first injection of cyclophosphamide. Three pigeons died within 

the period of re-excretion with lesions of the disease; the two 

remaining ones were asymptomatic despite the excretion of a 

high level of infectious viral particles. Cyclophosphamide 

treatment was first followed by a decrease of the titres of 

specific antibodies and by an increase a week later, as in the 

control infected group. 

SUCCESSIVE EXPERIMENTAL EPISODES OF RE-EXCRETION (Vindevogel 

and Pastoret, 1981) 

Two groups of pigeons free from the infection were 

inoculated with PHV1, one group being previously debilitated 

with cyclophosphamide. Forty and eighty days after inoculation, 

pigeons of both groups were treated with cyclophosphamide. 

Attempts were made to isolate and titrate infectious particles 

from pharyngeal swabs and blood samples during the primary 

infection and the two episodes of experimentally provoked 

re-excretion. 

a. Primary infection: 

Typical viral excretion patterns followed primary infection 

in both groups. Signs and lesions were once again more intense 

in the group previously treated with cyclophosphamide and virus 

was isolated from blood of two pigeons belonging to this group. 

b. Experimental re-excretion periods: 

The cyclophosphamide treatment carried out 40 and 80 days 

after infection were followed in all surviving birds, except 

one, by a period of virus re-excretion nearly equivalent to 

that following the initial infection and was sometimes 

associated with clinical signs. During the first period of 

re-excretion, virus was isolated from the blood of one pigeon 

which died a few days later showing symptoms of encephalitis, 

and virus was isolated from the brain. 



494 

SUCCESSIVE INFECTIONS WITH VIRULENT STRAINS (Vindevogel et al., 

1982a) 

A group of squabs was infected with a virulent strain of 

PHV1. Fifty six and hundred days after the initial infection, 

the same pigeons were re-infected with an other virulent 

strain. At each time of re-infection, other pigeons free of the 

infection were infected with the same strain to serve as 

control groups. 

All the pigeons of the experimental group after initial 

infection at day 0, as well as the animals of the first control 

group at day 56 or of the second control group at day 100, 

showed a classical pattern of viral excretion and clinical 

signs of the disease. 

After the first re-infection at day 56, three pigeons of 

the experimental group demonstrated viral excretion equivalent 

to that of the control group infected for the first time, but 

except for one, this was without symptoms. The two remaining 

animals did not excrete virus or show symptoms. A similar 

situation was observed after the second re-infection on day 

100. 

Therefore, a previous exposure to a virulent strain 

protects the animals against the clinical effects of a new 

infection and this protection is sometimes sufficient to 

inhibit further viral multiplication. 

BEHAVIOUR OF AN ATTENUATED STRAIN (Vindevogel et al., 

1982b) 

A wild strain of PHV1 has been serially passaged 100 times 

in chicken embryo fibroblast cultures. Attenuation of the 

strain was monitored by inoculation of budgerigars. Two groups 

of pigeons were inoculated either with the wild initial strain 

or with the attenuated one. Fifty six days after inoculation, 

the animals inoculated with the attenuated strain were treated 

with cyclophosphamide. 

A similar pattern of viral excretion has been observed in 

the two groups after primary infection, and animals of both 

groups spontaneously re-excreted virus at the same level after 
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the initial period of excretion. After cyclophosphamide 

treatment, on day 56, of pigeons infected with the attenuated 

strain, all of them re-excreted virus. The attenuated strain 

remains therefore latent in infected pigeons as well as the 

virulent ones. 

MODULATION OF RE-EXCRETION BY VACCINATION (Vindevogel et al., 

1982b) 

Several groups of pigeons were used to determine how 

vaccination of pigeons with an inactivated vaccine in oil 

adjuvant or with the attenuated strain influences infection and 

viral dissemination. Experiments were carried out to determine: 

1) if a previous vaccination with an inactivated vaccine could 

prevent the establishment of a virulent strain in a latent 

state in the infected animals; 

2) if a previous vaccination with an inactivated or attenuated 

vaccine could protect the animals from clinical symptoms 

and reduce viral excretion and dissemination after a first 

exposure to a virulent strain; 

3) if vaccination could reduce the importance of spontaneous 

or experimental re-excretion if administered either after 

or before initial infection. 

a. Vaccination with inactivated vaccine before infection: 

As compared with a control group, the vaccinated pigeons 

excreted less viral particles during the infection, did not 

re-excrete virus spontaneously and re-excreted less virus after 

a cyclophosphamide treatment administered eight weeks after 

inoculation. 

b. Vaccination with the attenuated strain before infection: 

A similar situation, as the previous one, was observed. 

c. Vaccination with inactivated virus after infection: 

If vaccination was performed after infection, animals did 

re-excrete less virus than the control ones after a 

cyclophosphamide treatment performed eight weeks after 

infection. 
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d. General conclusions: 

Both kinds of vaccination, performed before infection, 

either with an attenuated or an inactivated vaccine gave 

similar results and were efficient. Indeed, both of them were 

able to control primary excretion after infection and reduced 

symptoms but inactivated vaccine was unable to prevent the 

appearance of latent carriers. Both types of vaccination help 

to prevent spontaneous viral re-excretion and therefore help to 

control viral dissemination. Experimental re-excretion was also 

reduced if animals were vaccinated with inactivated vaccine 

after infection. 

NATURAL TRANSMISSION OF THE INFECTION (Vindevogel and Pastoret, 

1980) 

Persistence and transmission of PHV1 under natural 

conditions were investigated in a dove-cot where the disease 

was diagnosed 13 months previously. At the beginning of our 

observations, pigeons had been clinically asymptomatic for 10 

months and were rearing normal broods. 

Mature pigeons possessed neutralizing antibodies and PHV1 

was isolated from the pharynx of some of them. Yolk of eggs 

from the same pigeons contained neutralizing antibodies. PHV1 

was also isolated from the pharynx of some squabs before 

weaning if they were reared by their parents. When squabs were 

reared in incubator, virus could not be isolated from 

pharyngeal swabs. All squabs examined after weaning were devoid 

of neutralizing antibodies but some of them were spontaneously 

excreting virus. After cyclophosphamide treatment, several 

squabs developed typical lesions and most of them shed virus. 

In natural conditions, pigeons may therefore become latent 

carriers of the virus for a long time after recovery from 

natural infection. They transmit PHV1 to their offspring. The 

squabs become infected but are protected from the more severe 

effects of the infection by passive immunity of parental 

origin. Most of them become asymptomatic carriers themselves 

after this initial infection even if they were devoid of 

detectable neutralizing antibodies. 
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DISCUSSION 

In natural or experimental conditions, pigeons infected 

with Pigeon herpesvirus 1 become latent carriers after recovery 

from the initial infection. Latent carriers may re-excrete the 

virus spontaneously without symptoms. High titres of specific 

neutralizing antibodies do not prevent the occurrence of 

re-excretion and conversely, recurrent episodes are not more 

frequent when the animals are nearly devoid of specific 

antibodies. Moreover, despite the episodes of re-excretion, 

specific antibodies decrease gradually. 

A cyclophosphamide treatment performed after infection is 

followed by a period of viral excretion nearly equivalent to 

that following the initial infection. This period of re­

excretion may be accompanied by lesions. Specific neutralizing 

antibodies first decrease and then reach a higher titre. This 

booster effect is probably due to the intense multiplication of 

the virus. 

After experimental infection, virus usually remains 

confined near the site of inoculation. A transient viraemia may 

be observed during the primary infection and during episodes of 

re-excretion especially in squabs treated with cyclophospha­

mide. Viraemia may thus occur but mainly in squabs weakened as 

in natural outbreqks by debilitating factors. Clinical disease 

is therefore principally observed in the primary infection of 

young pigeons free of the infection or in latent carriers with 

the help of debilitating factors. 

In a flock of pigeons naturally infected with PHVl, some 

mature birds are latent carriers and transmit the infection to 

their offspring. The squabs reared by their parents, become 

infected but are protected from clinical disease by passive 

immunity of parental origin. They become themselves latent 

carriers although they are devoid of detectable neutralizing 

antibodies since the antibodies from parental origin quickly 

disappear. 

Previous infection of the pigeon with a wild strain of PHVI 

prevents the occurrence of symptoms when they are re-infected. 

Vaccination of pigeons with an attenuated strain or with 
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inactivated virus in oil adjuvant reduces viral excretion and 

symptoms after challenge with a virulent strain but is unable 

to prevent the establishment of latency as demonstrated by 

cyclophosphamide treatment of the animals. However, vaccination 

diminishes spontaneous viral re-excretion and therefore viral 

dissemination. In conclusion, immunity, either passive or 

active, does not prevent the establishment of a latent 

infection but helps to control the dissemination of the virus 

and protects from the disease resulting from infection, or 

prevents generalization of the infection by viraemia. 

In natural conditions, there is a sophisticated equilibrium 

between the virus and its host .that prevents the occurrence of 

the disease. 

REFERENCES 
Coignoul, F. and Vindevogel, H. 1980. Cellular changes in the 

bursa of Fabricius and thymus of cyclophosphamide-treated 
pigeons. J. Compo Path., 90, 395-400. 

Heffels, U., Fritzsche, K., Kaleta, E.F. and Neumann, U. 1981. 
Sero1ogische untersuchungen zum Nachweis virusbedingter 
Infektionen bei der Taube in der Bundesrepub1ik 
Deutschland. Dtsch. Tierarztl. Wschr., 88, 97-102. 

Landre, F., Vindevogel, H., Pastoret, P.P.,-Schwers, A., Thiry, 
E. and Espinasse, J. 1982. Frequence de l'infection du 
pigeon par Ie Pigeon herpesvirus 1 et Ie virus de la 
ma1adie de Newcastle dans Ie nord de la France. Rec. Med. 
Vet., sous presse. 

Mare, C.J. and Graham, D.L. 1973. Falcon herpesvirus, the 
etiologic agent of inclusion body disease of falcons. Inf. 
Immun., 8, 118-126. 

Vindevogel, H. 1981. Le coryza infectieux du pigeon. These 
d'Agregation de l'Enseignement Superieur. 

Vindevogel, H., Dagenais, L., Lansival, B. and Pastoret, P.P. 
1981. Incidence of rotavirus, adenovirus and herpesvirus 
infection in pigeons. Vet. Rec., 109, 285-286. 

Vindevogel, H. and Duchatel, J.P. 197~Receptivite de la 
perruche au virus herpes du pigeon. Ann. Med. Vet., 121, 
193-195. -

Vindevogel, H. and Pastoret, P.P. 1980. Pigeon herpes 
infection: Natural transmission of the disease. J. Compo 
Path., 90, 409-413. 

Vindevogel,~. and Pastoret, P.P. 1981. Pathogenesis of pigeon 
herpesvirus infection. J. Compo Path., 91, 415-426. 

Vindevogel, H., Pastoret, P.P. and Burtonbo~ G. 1980a. Pigeon 
herpes infection: Excretion and re-excretion of virus after 
experimental infection. J. Compo Path., 90, 401-408. 

Vindevogel, H., Pastoret, P.P., Burtonboy, G~ Gouffaux, M. and 
Duchatel, J.P. 1975. Isolement d'un virus herpes dans un 
elevage de pigeons de chair. Ann. Rech. Veter., ~, 431-436. 



499 

Vindevogel, H., Pastoret, P.P. and Leroy, P. 1982a. 
Comportement d'une souche attenuee du Pigeon herpesvirus 1 
et de souches pathogenes lors d'infections successives chez 
Ie pigeon. Ann. Rech. Veter., sous presse. 

Vindevogel, H., Pastoret, P.P. and Leroy, P. 1982b. Vaccination 
trials against pigeon herpesvirus infection (Pigeon 
herpesvirus 1). J. Compo Path., sous presse. 

Vindevogel, H., Pastoret, P.P., Leroy, P. and Coignoul, F. 
1980b. Comparaison de trois souches de virus herpetique 
isolees de psittacides avec Ie virus herpes du pigeon. 
Avian Path., ~, 385-394. 



SUMMARY 

SESSION I HUMAN, SIMIAN, AND MURINE HERPESVIRUSES 

Part 1: Summarized by H. Openshaw and Marianne Scriba 

Part 2: Summarized by J.H. Subak-Sharpe and J.B. Hudson 

501 

Discussion at part 1 of session I touched on many 

aspects of herpes simplex virus (HSV) infection including the 

effect of prior immunization on HSV challenge, the role of 

immunity in the establishment and maintenance of latency, the 

stimuli that induce reactivation, and the restriction enzyme 

analysis of isolates from human ganglia. Instead of reviewing 

all of these topics, this summary will focus on two aspects 

that were discussed to some extent by all the speakers: 

extra-ganglionic sites of HSV latency and the use of HSV 

mutants in biological research. 

At the latent stage of the infection, there is evidence 

of HSV in human uterine ligament (Subak-Sharpe) and in eye 

tissue of experimentally inoculated mice (Openshaw). Both of 

these observations may be due to latency in neurons: 

autonomic neurons in uterine tissue and retinal neurons in 

the eye. However, reports at the conference also concerned 

latency in non-neuronal tissue: footpad of the guinea pig and 

mouse and spleen cells of tree shrews. 

Experimental studies were summarized in the guinea pig 

model after footpad inoculation of HSV (Scriba). At the 

latent stage, explants of footpad tissue yielded virus with 

or without recovery of HSV in the corresponding dorsal root 

ganglia. These findings were attributed to a persistent 

(i.e., low grade productive) infection of the footpad rather 

than true peripheral latency. Compatible with this 

interpretation is the short duration of explantation needed 

for virus isolation (1-2 days) and the observation that short 

term treatment of explants with phosphonoacetic acid prevents 

isolation from footpad but not from ganglia. 
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More consistent with true peripheral latency are the 

experiments i'n the mouse model after footpad inoculation of 

HSV-2 but not HSV-1 (Subak-Sharpe). Depending on the 

temperature sensitive mutant used, isolation by explantation 

was achieved only from the footpad, only from lumbosacral 

dorsal root ganglia, or not at all. 

Homogenates of footpad tissue were negative, and unlike 

the guinea pig model, a long time was required for the 

explants to yield virus (10-42 days). 

Another example of probable extra neural latency comes 

from studies in tree shrews (Darai). In this model, animals 

received an intraperitoneal inoculation of a temperature 

sensitive mutant of HSV-1 or HSV-2 followed by an 

intraperitoneal challenge of the heterologous wild type 

virus. After challenge, virus could not be isolated from 

nervous system tissue but could be recovered by explantation 

of spleen cells. The isolates were shown to be intertypic 

recombinants that were not longer virulent for tree shrews. 

In the general discussion, it was noted that work with 

lymphocytes provides some precedent for HSV latency in 

non-neuronal cells. Footpad tissue may also contain highly 

differentiated cells which are capable of harboring latent 

HSV, and reactivation may occur as the cells dedifferentiate 

in explant culture. It was speculated that the longer time 

required for a positive explant culture in the mouse compared 

to the guinea pig may reflect a species difference in growth 

rate of cells in the footpad explant rather than a difference 

in the state of the virus. Discussion .also centered on 

whether peripheral latency occurs only in footpad and not 

other epithelial tissue, whether the difference in footpad 

latency of HSV-1 and HSV-2 is a general finding or a 

peculiarity only to the virus strains so far used in the 

mouse, and whether peripheral HSV latency has anything to do 

with the pathogenesis of recurrent disease. 

The second aspect that we wish to emphasize in this 

summary concerns the use of HSV mutants to study the biology 

of latency. As noted previously, temperature sensitive 
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mutants of HSV-2 differed not only in their ability to 

establish a latent infection but also in the site of latency 

(footpad and/or lumbosacral ganglia) (Subak-Sharpe). With 

some of these same mutants, latency could not be documented 

in tree shrews by nervous system explants (Darai). However, 

as previously noted, challenge with heterologous wild type 

virus resulted in the in vivo formation of intertypic 

recombinants (Darai). 

Work with thymidine kinase deficient (TK-) mutants was 

presented (Becker, Schneweis, Scriba). After local 

inoculation, TK-mutants replicate well in cornea (Becker) but 

not in vaginal tissue (Schneweis). These mutants are virulent 

only in very young mice probably because cellular thymidine 

kinase is present in nervous tissue only during development 

(Becker). However, even in adult mice, prior immunization 

with TK-mutants does protect against a challenge of wild type 

virus in terms of mortality. 

Consistent with published accounts, a latent nervous 

system infection could not be documented with TK-mutants. Two 

possibilities were discussed: either latency is not 

established or the explant technique fails to reactivate 

TK-mutants. Studies to detect HSV DNA in these models 

ultimately will make this distinction. 

In conclusion, the present summary was intended to 

highlight certain surprising or discrepant findings in the 

biology of latent HSV infection. These findings underscore 

the importance of several experimental variables including 

the species, immune status, and strain of the experimental 

animal; the virus strain and mutant; and the route of 

inoculation. 

Part 2 of session I was a heterogeneous one, involving 

descriptions of several different herpes viruses. 

Consequently this discussion deals separately with each 

presentation. 

Bayliss reviewed the association between EBV 

(Epstein-Barr virus) antigen expression and various diseases. 
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In particular he drew attention to the association of NPC 

(nasopharyngeal carcinoma) with the lymphocytic-epithelial 

cell unction of the oropharynx viz: Waldeyer's ring. This 

helps to explain the apparent paradox that, while only B 

lymphocytes have receptors for EBV, the carcinoma arises in 

epithelial cells. However it is now known that EBV carrying 

lymphocytes can fuse with other cell types and thus could 

allow the viral genome to gain access to the epithelial 

cells. Furthermore this also reconciles Tseng Yi's obser­

vation of the correlation between NPC and the distribution of 

croton oil containing plants in southern China, since 

extracts of these plants, which are used for medicinal 

purposes, contain phorbol esters capable of activating EBNA 

in lymphocytes. 

It is also of interest that in high risk patients VCA 

titers remain high, whereas in low risk patients the VCA 

titer decreases. Thus death usually follows treatment if the 

IgA anti-VCA rises. 

Bayliss suggested further pursuit of possible associa­

tions between EBV and carcinomas in other organs where 

lymphocytic-epithelial junctions occur ego tonsillar carci­

noma and tongue cancer, by analogy with the NPC. 

Another molecular approach which is being actively 

pursued is the identification of in vitro translation pro­

ducts from EBV specific mRNAs, obtained by hybridisation 

selection techniques with cloned viral DNAs. By this means it 

was shown that the portion of the viral genome which is 

complementary to cellular DNA contains the information for 

the 85k protein. 

Fleckenstein reviewed the previous work and summarized 

recent results on the genome organization of herpesvirus 

saimiri (HVS) and herpesvirus ateles (HVA). Both viruses 

produce tumors from T-cells, although HVA immortalizes 

lymphocytes in vitro more readily. 

The H-DNA tandem repeat, comprising 1.4kb, contains some 

short open reading frames, the longest having potential 

coding capacity for 85 amino acids, but does not appear to 
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contain transcription signals. Thus it seems unlikely that 

these regions code for polypeptides. Fleckenstein suggests 

that they represent sites for cutting the DNA concatemers for 

encapsidation. 

Tumors induced by both viruses contain various types of 

circular viral DNAs. Non-producer tumor cell lines contain 

circles with deletions in the L-region, whereas producer 

lines contain complete circular genomes. 

In all non-producer lines the viral DNA was found to be 

heavily undermethylated. Although there were four specific 

undermethylated sites on the left portion of L DNA, these did 

not seem to correlate with transcription. 

It is of interest that in two non-oncogenic strains of 

virus there were deletions at the left hand of the DNA and L 

insertions in the H region. These transpositions evidently 

interfered with tumor production but not transforming 

capacity. 

No evidence was available so far for the presence of 

integrated viral DNA in addition to circles. 

Fleckenstein also discussed the 2.8kb fragment of human 

CMV DNA which can oncogenically transform mouse cells in 

vitro. This DNA fragment has been sequenced and contains many 

TATA boxes and stop codons in all reading frames. 

He suggested that herpes virus transformation may be a 

hit and run phenomenon, with the DNA circles related merely 

to persistence. 

Modrow discussed immunity to HVS in natural and 

experimental hosts, and then proceeded to describe her recent 

studies on viral proteins. Accumulation of early 

(nonfunctional) proteins was examined with the use of the 

amino acid analogues azetidine and canavanine. HVS induced 

glycoproteins, phosphoproteins and.structural proteins were 

identified. There were no apparent differences in the 

structural proteins of virulent and attenuated HVS strains. 

However there were some differences between the viral 

antigens found in the natural host and tumor bearing animals. 

Darai compared the properties, pathogenesis and latency 
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of the tree shrew (tupaia) herpesviruses, THV 1-4. The Hind 

III restriction endonuclease profiles of the four DNAs were 

different, although they all had molecular weights of 

approximately 130 x 10 6 . Surprisingly he could find no 

evidence for repeat sequences, or stem loops in renatured 

DNAs. There was significant intertypic homology. 

Some types could give malignant lymphomas in the natural 

host and all produced lymphoid hyperplasia in newborn 

rabbits. With THV-2 8% go on to produce malignant thymona. 

Some THV types could subsequently be reactivated from B 

lymphocytes of rabbit spleens. The restriction endonuclease 

profile of the reactivated virus was the same as the parent 

virus. 

A novel finding not previously reported for 

herpesviruses was the presence of a thymidine kinase activity 

in purified THV virions. To date Darai has mapped the genome 

of THV-2 and has produced a DNA library for this purpose. 

Hudson reviewed the role of various factors involved in 

persistent MCMV (Murine cytomegalovirus) infectens, by 

considering studies on infected mice and cell lines infected 

in vitro. 

In mice of various strains, MCMV establishes a 

productive infection in numerous tissues, although specific 

cell types within a tissue may be spared. Dissemination of 

the virus may be facilitated by a temporary and generalized 

immunosuppression. Eventually a variety of anti-viral 

responses help to terminate the acute phase of infection, 

which is then replaced by a chronic type of infection in 

certain tissues, and a true latent infection in others. Some 

of the factors which are important in determining the 

severity of the acute infection and the establishment and 

duration of the chronic phase are: the strain and precise 

history of the virus itself; age and strain of mice; the 

presence of physical barriers to virus or immune cells; 

macrophages, which may control virus dissemination or promote 

persistence; and the immune status of the mouse. 

The virus has frequently been reactivated from several 
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tissues of persistently infected mice. The two methods which 

have proven successful in reactivation are: immunosuppressive 

therapy of the animals; and explantation of tissues, usually 

in the presence of embryonic fibroblast cultures. These 

studies implicate the presence of virus-controlling factors 

in persistently infected animals. 

Infections in vitro have been done on numerous cell 

lines of murine and non-murine origin. These studies have 

indicated the relevance of cell cycle parameters, and other 

host cell factors, in determining the extent of viral gene 

expression and persistence. 

Koszinowski discussed the quantitation, state of 

activity, specificity and presence at various stages of 

infection of MCMV-induced cytolytic T-cells. During acute 

infection there were two populations of cytolytic cells. One 

population was active without in vitro antigen stimulation, 

and constituted one cell per 14,000 lymphoid cells, while the 

other population, which were stimulated by antigen in vitro, 

constituted one in 2,480 lymphoid cells. A massive 104 fold 

increase in virus dose only resulted in a ten-fold increase 

in the number of cytolytic T-cells. 

An increase in the interleukin concentration resulted in 

increased cytolytic activity, which was due to the expansion 

of a different class of cells which non-specifically lysed 

rabies virus-infected targets as well as MCMV infected 

targets. Thus interleukin treatment expanded several sorts of 

memory cells. As expected the specifically lysed target cells 

showed H-2 restriction. 

Persistently infected mice were reactivated by cyclo­

phosphamide treatment. Forty days after the treatment 

infectious virus was detected in salivary glands, and one 

cell in 30,000 lymphoid cells were specifically cytolytic, in 

contrast to the non-reactivated mice, which remained free of 

infectious virus and cytolytic cells. 
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SESSION II BOVIDE, EQUIDE AND FELl DE HERPESVIRUSES 

Part 1: Summarized by P.-P. Pastoret and H. Ludwig 

Part 2: Summarized by Rosalind H. Gaskell and R.B. Burrows 

Part 1 of session II was mainly devoted to latency of 

one of the major pathogens of cattle, bovid herpesvirus type 

1 (BHV-1), with emphasis on molecular and epidenliological 

aspects of its latency (Pastoret). 

As far as is known, all the other members of bovid 

herpesviruses are also able to hide in the stage of latency. 

On the basis of historical information, clinical and 

serological knowledge, as well as recent molecular biological 

investigations, such as restriction enzyme analysis of viral 

DNA's the known herpesviruses of Bovidae have been tentati­

vely classified as bovid herpesviruses types 1 to 6 (BHV-1 to 

-6) • 

This classification includes BHV-1, the virus respon­

sible for infectious bovine rhinotracheitis/infectious 

pustular vUlvovaginitis; BHV-2, the virus causing bovine 

herpes mammillitis; BHV-3, the virus involved in the African 

form of malignant catarrhal fever; BHV-4 a group of isolates 

of unknown etiological importance; BHV-5, the virus found to 

be associated with ovine pulmonary adenomatosis ("jaagsiek­

te"); and BHV-6, the caprine (goat) herpesvirus (Ludwig). 

There was some discussion about the different clinical 

forms of BHV-1 infections in cattle and about differences 

between the isolates causing either infectious bovine 

rhinotracheitis (IBR) or infectious pustular vulvovaginitis 

(IPV). Evidence was presented showing that the isolates 

causing the IBR form differ from those causing IPV on the 

basis of restriction endonuclease cleavage patterns of the 

viral DNA (Pauli). 

As already mentioned, most of those viral species have 

been shown to remain latent in the recovered host, but 

latency of BHV-1 is by far the most and the best investigated 

model in this host species. This can be easily understood 
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since latency plays a prominent role in the epidemiology of 

infectious bovine rhinotracheitis (IBR), and since the 

etiological agent can easily be reactivated following 

glucocorticoid administration in latently infected cattle. 

Results from investigations performed in Denmark clearly 

demonstrated that latency is the rule rather than the 

exception in experimentally, as well as in naturally infected 

cattle (Bitsch). In some herds, periods as long as two years, 

elapse between infection and further spreading of the disease 

after reactivation. With regards to infection control, seve­

ral problems are associated with vaccination (Nettleton). In 

fact, it seems likely that all the attenuated strains studied 

so far, reamin latent after vaccination and that vaccination 

does not prevent the installment of a virulent strain in a 

latent stage. Calves vaccinated with a live attenuated 

vaccine against IBR were later challenged with a field 

isolate of IBR virus. The calves were protected against 

clinical illness and the excretion of challenge virus was 

reduced. The same calves were later treated to provoke 

reactivation of latent virus. 

Using different biological properties of the vaccine and 

the field virus, the reexcreted isolates were shown to be 

principally field virus, although vaccine virus could also be 

recovered. Restriction endonuclease analysis of some of those 

isolates confirmed that both the field and vaccine viruses 

had been reexcreted. The combined data show that cattle can 

be latently infected with two different strains of BHV-l, but 

it is still not clear whether recombination between 

attenuated virus strains and field virus occurs. 

In order to pursue this problem further, the stability 

of the reactivated strains was studied. Genomes of the 

strains used for primary infection and reactivated viruses 

were compared after digestion with the restriction endonu­

clease, EcoRI, and no difference could be demonstrated 

between viruses isolated after successive reactivations in 

the same animal infected with only one strain. It was 

therefore concluded that the latent strains remain stable 
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(Thiry) . 

The problem of the possible emergence of recombinants 

was discussed in greater detail (Subak-Sharp). If 

recombination could occur between two field strains, and even 

if the recombinant virus is infectious and leads to a 

clinical disease, the significance of recombination would be 

less important than if recombination occurs between a field 

strain and a vaccine strain or between two vaccine strains. 

In order to obtain,recombinants, the latently infected cells 

should harbor both parental viruses and the two parental 

strains should therefore invade the same cells in the same 

tissue. The problem was discussed according to data obtained 

with herpes simplex virus (human herpesvirus type 1) latency 

and Aujeszky's Disease/pseudorabies virus (suid herpesvirus 

1) infection in pigs, where evidence exists that trigeminal 

ganglia cannot be invaded by two different strains of the 

same virus (Openshaw). For instance, the explanation as to 

why cattle can be infected with both a thermosensitive (ts) 

vaccine strain and a field virus strain may be that each 

virus invades a different tissue and consequently has a 

different site of latency. 

Accordingly, the phenomenon of latent coinfectlons 

should be investigated using attenuated strains other than 

the ts mutant, e.g., a thymidine-kinase negative strain 

(Becker) . 

The site of BHV-l latency in the body remains an 

important unsolved question. The finding that a 

thermosensitive vaccine strain, unable to invade the nervous 

system, can be reactivated, seems to indicate that this virus 

remains latent in epithelial cells. First attempts to give an 

answer have obviously shown that trigeminal ganglia as well 

as sacral ganglia of infected cattle may harbor the virus. 

These results were obtained by DNA in-situ-hybridization 

experiments (Ackerman). Whether the presence of viral DNA in 

neuron nuclei is indicative of a static or a dynamic stage of 

replication remained a matter of controversity. However, the 

question of whether or not this represents the only site of 
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latency remains still open (Subak-Sharpe, Becker, Ben Porat) . 

Suggestions were given for the use of cloned restriction 

fragments amplified in bacteria for the detection of viral 

DNA in tissues (Subak-Sharpe). 

The work done in Denmark leads one to think that control 

and eradication of BHV-1 is feasible and successful (Bitsch). 

Nevertheless, vaccination is still useful since it prevents 

clinical illness and immunized animals may be able to control 

reexcretion. with this procedure the dissemination of virus, 

even if reactivation occurs, is low. 

Studies on the antigenic components of BHV-1 (Pauli) led 

to a better understanding of the immune response of the 

animal and a further improvement of vaccination procedures. 

Here again, the discrepancy of being unable to differentiate 

BHV-1 isolates by serological means was intensively discussed 

(Straub, Darai, Subak-Sharpe). 

As a general conclusion, it should always be kept in 

mind, that from a biological standpoint, latency ensures the 

durability of BHV-1 infection. 

Part 2 of session II covered several animal 

herpesviruses each with their own latency characteristics. 

Thus for bovid herpesvirus 2, evidence was presented to 

suggest that it may persist as a latent infection in 

recovered animals in skin lesions whereas in the acute phase 

of the disease it is also present in nervous tissue (Scott). 

These findings were discussed in relation to skin and 

ganglion trigger theories, and the work of Castrucci et al. 

(Int. Workshop on Herpesviruses, Bologna, Italy 1981). 

The epizootiology of the disease is still an enigma, but 

it was hypothesized that outbreaks of the disease, which only 

occur in Autumn, may be initiated by immunological changes in 

latently infected cattle following calving. 

Bovid herpesvirus 5 (BHV 5) (Scott), felid herpesvirus 1 

(FHV 1) (Gaskell), and equid herpesvirus 1 and 3 (EHV 1 and 

3) (Burrows) also appear to have a similar latent phase in 

persistently infected, recovered animals. Virus may be 
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reactivated either by corticosteroid treatment or by natural 

stress situations, and apparently spontaneous episodes of 

shedding may also occur. The site or sites of latency for 

these viruses are unclear, though for FHV 1 there is limited 

evidence that the trigeminal ganglia may be involved. 

It was discussed that although BHV 5 was originally 

thought to be the cause of pulmonary adenomatosis 

(Jaagsiekte) in sheep, the recent finding of a reverse 

transcriptase and a retrovirus in association with this 

tumour has led to the suggestion that CHV 1 may only be a 

passenger virus and undergoes reactivation as a result of 

immunosuppression induced by the tumour. The new agent has 

been purified on gradients and apparently induces the 

disease; however, whether or not the preparation was entirely 

free from the herpesvirus is not known. 

FHV 1 (Gaskell) and EHV 1 (Burrows) both cause acute 

upper respiratory tract infections in their respective 

species and EHV 1 particularly may also induce abortions; EHV 

3 induces coital exanthema. The characteristics of the feline 

virus carrier state (Gaskell) have been well defined in terms 

of reactivation stimuli and shedding patterns and studies are 

now in regress to examine such animals immunologically 

(Goddard). Similar attempts have also been made to study 

latent infections with the equine viruses (Burrows). 

Another herpesvirus described in this session was 

malignant catarrhal fever (MCF) virus, the only known 

lymphotrophic herpesvirus to infect the larger domestic 

animals. (Plowright) Cattle are the indicator hosts and 

suffer a low morbidity but high mortality; a cell associated 

viraemia may persist intermittently in survivors for up to 

5-6 months. The reservoir of infection for this and other 

similar viruses is in wild ungulates, such as wildebeest. 

Infection in these animals is probably inapparent and 

recovered animals remain persistently infected. The disease 

may be reproduced in rabbits and this could be a useful model 

for the study of lymphotrophic herpesviruses. 
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Summarized by Tamar Ben-Porat, J.B. McFerran and H.-J. Rziha 

This session was concerned with the latent infection of 

suid herpesvirus 1, known as pseudorabiesvirus (PsR), the 

causative agent of Aujeszky's disease. Papers were presented 

dealing with production and detection of PsR latency in pigs, 

including some molecular biological aspects. 

Two of the papers dealt with differences in restriction 

enzyme patterns of the genome of field isolates (Ben-Porat, 

Herrmann). Isolates obtained from different epidemics can be 

distinguished from one another on that basis. Obviously the 

differences observed reflect deletions and/or insertions of 

DNA gequences which are predominantly confined to 2 varable 

regions of the PsR genome (Ben-Porat). However, isolates 

obtained from different areas share similiarities in their 

DN~ cleavage patterns. According to these data a subdivision 

of virus isolates into 4 groups is proposed (Herrmann). The 

results obtained in several laboratories showed that the 

restriction enzyme patterns of a given isolate remain stable 

upon in vitro passage in cell culture or upon in vivo passage 

in swine (Ben-Porat, Gielkens). But changes in the cleavage 

patterns of the genomes of the virus were observed after 

virus stocks were mutagenized (Ben-Porat). 

Three papers showed that following challenge with 3 

different virus strains serologically negative pigs, pigs 

with maternally derived antibodies, pigs vaccinated either 

parenterally with inactivated vaccine and/or intranasally 

with attenuated vaccine all became latently infected 

(McFerran, Van Oirschot, Wittmann). Virus could be unmasked 

by immunosuppression (Van Oirschot, Wittmann) or by infection 

by Salmonella cholera-suis (McFerran), and in addition 

spontaneous breakdown occurred. PsR was reisolated by 

co-cultivation of lungs, tonsils, and brain up to 18 months 

after infection (Wittmann). In contrast, others only could 
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detect virus in the trigeminal ganglia of the latently 

infected animals (Ben-Porat, Van Oirschot). In all cases 

sufficient virus was shed following immunosuppression to 

infect in-contact pigs. However, the frequency of virus 

recovery decreases with prolonged time after infection 

(Wittmann), and the efficiency of virus excretion is low 

(McFerran). The presented data indicate that the titre of the 

infecting virus in addition to the virus strain is important 

in disease manifestation. 

One set of studies with pigs either non-vaccinated or 

vaccinated with inactivated vaccine showed that following 

virus challenge high titres of neutralizing antibodies are 

present up to 22.5 months after infection, which do not 

prevent a virus reactivation (Wittmann). Additionally these 

experiments revealed no significantly altered reactions in 

cell-mediated immunity of non-vaccinated and vaccinated pigs, 

or during different phases of virus latency. 

Two interesting results were obtained in experiments by 

superinfecting pigs, which were previously infected with 

another PsR virus strain (Ben-Porat). Both virus strains were 

readily discernible by their DNA restriction enzyme patterns. 

These studies showed that (i) only the virus strain used for 

the first infection can be recovered from the ganglia of the 

superinfected pigs, and that (ii) the superinfecting virus 

does not colonize the ganglia of the pre-immunized animals. 

Similiar studies were done with pigs vaccinated with a 

live vaccine virus (Bartha's K strain). They showed that the 

challenge-exposed animals become infected, displaying only 

mild signs of the disease (Van Oirschot). However, there was 

no evidence for the excretion of the vaccine virus 

(Gielkens) . 

Results of studies dealing with the presence and the 

state of the viral genome in the trigeminal ganglia of 

latently infected pigs using different methods (in situ 

cytohybridization, as well as Southern and Northern blotting) 

were presented. Homologies between nucleotide sequences 

present in PsR DNA and in swine cellular DNA were noted 
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(Ben-Porat). The results of one set of studies indicate that 

the ganglia of the swine that were probed carried a 

relatively heavy load of viral genome equivalents per cell 

(Rziha). By in situ hybridization it was shown that some of 

the cells in these ganglia and in other neural tissues 

contained many copies of the viral genome (Rziha). In 

addition, the presence of viral DNA was suggested in white 

blood cells of latently infected pigs (Rziha). In another set 

of studies no viral DNA was detectable by methods that should 

have revealed one genome equivalent per 30 cells. Also, no 

virale RNA was detected in these ganglia. 

SESSION IV AVIAN HERPESVIRUSES 

Summarized by L.N. Payne and H.-J. Rziha 

Vindevogel reviewed the extensive studies by his group 

on infection of pigeons by the pigeon herpesvirus 1 (PHV-1). 

Primary infection by inoculation of PHV-1 onto the pharynx is 

followed by the development of lesions in the upper digestive 

and respiratory tracts within 3 days, accompanied by maximum 

excretion of virus between 2-4 days, with persistence of 

excretion for 7-10 days. The virus then becomes latent, but 

mild episodes of virus excretion, without clinical signs, may 

occur spontaneously. This recurrence is unrelated to antibody 

levels. Asymptomatic carriers also occur in naturally 

infected pigeons, and occasional shedding of virus is 

responsible for spread of infection to their offspring. The 

squabs are, however, provided with a degree of immunity by 

passive antibodies transferred through the yolk, and they 

also may become carriers. 

Treatment of latently infected pigeons with 

cyclophosphamide causes the development of pharyngeal 

lesions, and birds may die. Virus is re-excreted from 1-10 

days after the beginning of this treatment. This drug may 
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also be used to modify the response of pigeons to primary 

infection. Treated pigeons show a more severe and acute 

clinical disease, and antibody responses are weaker. 

Latently infected pigeons are protected against symptoms 

following challenge with virulent virus, and viral 

replication can be inhibited. A tissue culture attenuated 

strain of PHV-l also becomes latent following primary 

infection, but can be activated by cyclophosphamide 

treatment. 

Vaccination of uninfected pigeons with both attenuated 

PHV-l or inactivated PHV-l in oil adjuvant conferred 

resistance to replication of challenge virus, reduced signs 

of infection and prevented spontaneous re-excretion. Latent 

infection was not prevented but virus excretion was reduced 

following cyclophosphamide treatment. Vaccination with 

inactivated virus after a primary infection also causes less 

re-excretion following the drug treatment. The location and 

state of the PHV-l during latency was not reported. 

The remaining papers were devoted to Marek's disease 

virus (MDV). Rziha and Bauer reported on the state of the MDV 

genome in latently infected lymphoblastoid cell lines derived 

from MD lymphomas in chickens. In the producer line 

MDCC-MSBl, and the non-producer line MDCC-HP2 (formerly an 

producer line), viral DNA sequences banded in neutral CsCl 

gradients at the density of purified virion DNA, indicating 

the presence of free MDV DNA. Evidence for viral DNA closely 

associated with cellular DNA from these lines was also 

obtained. In contrast, in the MDCC-RPI cell line, the 

majority of the viral DNA was detected in the cellular DNA 

range, suggesting an association, and possibly integration, 

with host cell DNA. About 30% of the free viral DNA from the 

MSBI and HP2 lines analyzed by glycerol gradient centrifu­

gation banded in the region expected for covalently closed 

circular molecules, and the presence of circular molecules 

was confirmed in this material by centrifugation on ethidium 

bromide-CsCl-density gradients. 

Attempts were made to induce virus production, viral 



517 

antigen, and DNA synthesis in the three cell lines by 

treatment with the phorbol ester TPA. Enhancement of viral 

antigen and DNA production was observed for the MSBl producer 

line, but not for the two non-producer lines. 

These studies thus demonstrate the presence of circular 

plasmid viral DNA in two of three MD cell lines examined, as 

has been shown for cell lines transformed by EBV and 

herpesvirus saimiri. The authors speculate that circular 

viral DNA may be mandatory for herpesvirus-induced 

transformation. 

Bumstead, Payne, Howes, Lawn and Ross described the 

spontaneous development of lymphoblastoid cell lines in 

cultures of spleens and other tissues of hatched and 

embryonic chickens from the~B-S and several other strains of 

fowl maintained under specific pathogen-free conditions. The 

cell lines expresed T-cell antigen, embryonic antigen, MD 

tumour-associated surface antigen (MATSA) and, in low 

frequency, MD viral membrane antigen. Infectious pathogenic, 

MDV could be rescued in vitro and in vivo from the lines 

derived from young chickens, but not from embryo-derived 

lines. DNA hybridization studies revealed the presence of MDV 

genome in all the cell lines, and also in lymphoid and other 

tissues from normal B-S line embryos. These findings suggest, 

contrary to current opinion, that vertical transmission of 

MDV in a latent state can occur. The viral genome may exist 

in an endogenous, integrated state, since it could not be 

rescued from the embryo-derived lines. Experience with 

isolation-rearing of infection-free chickens derived from 

MDV-infected breeder flocks suggests that if vertical 

transmission does occur it seems to do so in a state of 

latency which does not normally lead to active infection. 

Aspects of the induction of MD in turkeys were discussed 

by Powell, Payne, Howes, Mustill, Rennie and Thompson. Large 

doses of the GA strain of MDV induced lymphoma and lymphatic 

leukemia in young turkeys which, in contrast to chickens, 

showed very limited evidence of semi-productive or productive 

virus infection during the development of the 
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lymphoproliferative disease. No lymphoproliferative changes 

were observed in peripheral nerves or around feather 

follicles. Leukaemic blood contained on average 68% T-cells 

and 13% B-cells, suggesting an increase in the number of null 

cells. MATSA-bearing cells were increased in the blood of 

leukemic turkeys. Depression of humoral antibody responses 

were observed in affected turkeys. These findings suggest 

that in the turkey strain studied MDV may commonly exist in a 

latent state following exogenous infection. Eight lymphoid 

cell lines were developed from spleen of buffy coat cells 

from diseased turkeys. These lines expressed MATSA and, like 

chicken 11D-derived cell lines, were characterised aT-cells. 

The persistence of MDV in long-term explant cultures of 

lymphomatous and non-lymphomatous tissues from infected 

chickens was reported by Coudert and Cauchy. Thirteen of 20 

cultured tissues revealed herpesvirions under the electron 

microscope, and infectious viruses could be isolated from 

cells migrating from most of the explants, but not from the 

explants themselves. It was suggested that the 

persistently-infected cell in culture could have a 

counterpart in vivo which was responsible for the maintenance 

of viraemia in infected chickens. 
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