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tion campaign, especially in developing 
countries. The use of vaccinia as a vehicle 
might solve both these problems. Hepatitis 
B vaccine derived from blood is prohibi
tively expensive but the cost of vaccinia
expressing HBsAg should be little more 
than regular vaccinia virus; and, moreover, 
the methods of administration pioneered 
by the WHO smallpox eradication pro
gramme are very cost effective. The bifur
cated needle developed by Wyeth 
Laboratories is easy to use by relatively un
qualified vaccinators and the vaccination 
scar is a clear sign of a previous successful 
vaccination. 

Some difficult problems remain to be 
solved before this strategy can be adopted. 
In order to eradicate smallpox, a high pro
portion of the world population was vac
cinated with vaccinia virus and will, if 
revaccinated, have immunity or partial im
munity (Fenner, F. Prog. med. Virol. 23, I; 
1977) which will limit the growth of 
vaccinia virus and the production and 
response to HBsAg. The scope of any new 
campaign based on vaccinia virus will thus 
be reduced. The immunizing effect of the 
vaccinia virus vehicle against itself might 
also limit its usefulness as a general 
method; even supposing it could be used 
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for hepatitis B immunization for a defined 
population group, it would not be available 
for use with another immunogen. To over
come this problem, a series of antigenically 
distinct, safe attenuated viruses would be 
required, but that would be by no means 
easy to supply. 

A second major problem is safety. In 
several Western countries the danger from 
vaccinia virus immunization was thought 
too great relative to the risk from smallpox 
at the time the WHO eradication campaign 
was launched (Dick, G. Prog. med. Virot. 
8, I; 1966). In the USA and UK, for exam
ple, the risk of death from imported small
pox was already extremely low. The great 
advances in molecular genetics that are 
now taking place, however, should make it 
possible to manipulate the virus to avoid 
these drawbacks, or to produce a series of 
attenuated viruses colonizing the mucous 
membranes of the intestinal or respiratory 
tract. Adenovirus, for example, might be 
used to induce local immunity at the portal 
of entry as well as circulating antibody and 
cell-mediated immunity. [J 
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The state of the herpes genome 
IN this issue of Nature (p.523), Daniel Rock 
and Nigel Fraser of the Wistar Institute 
report the successful detection of herpes 
simplex virus (HSV) DNA in the latently in
fected central nervous tissue of mice. The 
new results provide the first step in under
standing the nature of the latent virus; it 
seems that although the whole of the herpes 
virus genome is present in the latent form, 
it is qualitatively different from that in 
virus particles or infected cells. 

Since the introduction of animal models 
to the study of HSV latency and the 
demonstration that sensory ganglia are the 
prime source of latent virus1 the question 
of the nature of the latent virus has been a 
fascinating but frustrating one. The assay 
for latent virus, the detection of infectious 
virus following culture of ex planted neural 
tissue but not by direct homogenization 
and assay, implies the presence of the virus 
genome in a non-infectious form during 
latency. It can be argued, however, that ex
plant culture is merely a more sensitive 
assay, allowing the detection of very small 
numbers of infectious particles resulting 
from a low-level chronic infection; support 
for this view comes from the electron 
microscopic observation of virus particles 
in the trigeminal ganglia of latently in
fected rabbits2 • 

Evidence against a chronic infection or 
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'dynamic' latency comes from three types 
of experiment. First, latent infection has 
been established using temperature
sensitive mutants in tissues whose temper
atures are non-permissive for mutant repli
cation3.4. Second, antiviral drugs that effi
ciently suppress virus replication during 
the acute phase of infection fail to 'cure' 
animals of established latent infection5•7 • 

Third, HSV DNA was detected in latently 
infected tissue by kinetic hybridization8 , 

but no virus-specific RNA was found, a 
result in contrast to that obtained with 
tissue taken from the acute phase of infec
tion. These observations argue against viral 
replication being a requirement for 
maintenance of the latent infection and 
favour a 'static' model. 

Attempts to examine the form of HSV 
DNA in latently infected tissue have been 
bedevilled by the small amount of virus 
DNA present and by the considerable 
cross-hybridization of HSV DNA se
quences with mammalian cell DNN-11 • 

Success has finally come in the new work 
reported by Rock and Fraser. Virus se
quences were detected in DNA from the 
central nervous system and trigeminal 
ganglia of mice several months after cor
neal inoculation of HSV-1. Using virus 
DNA as a hybridization probe they were 
able to show that the entire virus genome 
was present. Of particular interest is that 
when a DNA fragment composed of the in
ternal repeated sequences was used to 

probe blots of restricted DNA, the probe 
detected both internal and terminal repeats 
in DNA from the acute phase of infection 
but only internal repeats in DNA from the 
latent phase. The virus DNA in latently in
fected mice thus appears to be 'endless'. 
The data are of course open to several 
interpretations since 'endless' DNA could 
result from the formation of circles or long 
concatamers or from the random integra
tion of linear molecules. Nevertheless, 
these are the first data that demonstrate 
that 'latent' HSV DNA molecules are 
qualitatively different from the molecules 
found in virus particles or in infected cells. 

Rock and Fraser have combined sen
sitive hybridization techniques with an 
animal model in which relatively large 
amounts of viral DNA persist in the latent 
phase of infection, so further data should 
soon be forthcoming. It will be particularly 
interesting to see whether the viral DNA in 
latently infected animals is present in more 
than one of the four isomeric forms found 
in virus particles. 

A note of caution should perhaps be 
sounded about the use of the term 'latent 
virus DNA'. Much of Rock and Fraser's 
evidence derives from experiments with 
DNA from the brain stem of latently in
fected animals and, while there is con
siderable evidence that the central nervous 
system can act as a site of latent HSV, in 
vitro reactivation of virus from the central 
nervous system is very inefficient by com
parison with reactivation from the sensory 
ganglia12 • Indeed, Rock and Fraser were 
unable to reactivate virus from the brain 
stem of latently infected mice despite the 
presence of detectable HSV DNA, a result 
previously reported by Cabrera et at. 13 • 

Thus while the brain stem is a valuable 
source of material for biochemical studies, 
it lacks authenticity as a 'latently infected 
tissue'. 

Finally, two lines of evidence suggest 
that limited viral gene expression occurs in 
latently infected cells. Galloway et at. 14 

have detected virus-specific transcripts in 
neurones from human sensory ganglia by 
in situ hybridization, while Green et at. 15 

have detected an immediate-early poly
peptide of HSV in the sensory neurones of 
latently infected rabbits by immuno
fluorescence. Unfortunately, the 
transcripts detected by Galloway et at. are 
not derived from that part of the HSV 
genome that encodes the immediate-early 
polypeptide in question. This problem, like 
so many in this field, remains to be resolved. D 
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