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Herpesviruses are ubiquitous in both human and
animal populations (Plummer, 1967). The four
human herpesviruses are herpes simplex (HSV),
varicella-zoster (VZ), cytomegalovirus (CMV), and
Epstein-Barr (EBV) viruses, and all exhibit the prop-
erty, rare among human pathogenic viruses, of
remaining latent within the body after primary infec-
tion. Latent virus persists for many years-probably
throughout life-and in some patients reactivates to
cause secondary or recurrent infections. Human
herpesviruses can almost be regarded as part of the
commensal flora, and certainly HSV is present in
the saliva of healthy people from time to time
(Douglas and Couch, 1970). The viruses exhibit a
remarkably successful parasitism since the upset to
the host is minimal or, more often, absent. Like all
herpesviruses, the four human viruses have identical
particles with a striking morphology (Fig. 1). Never-
theless, they differ considerably in biological and
pathogenic properties, and it is these that will be
described and compared in this review.

Herpes simplex virus

HSV is the most studied and best understood of the
human herpesviruses. Easy to cultivate in cell
cultures, it produces a rapid and characteristic cyto-
pathic effect (CPE). There are two types of HSV:
type I (HSV-l) and type 2 (HSV-2). These differ in
their sites of infection since HSV-1 infects head
and neck, whereas HSV-2 infects the skin below the
waist and most often causes lesions on the genitalia.
The difference in site is not absolute, and Smith et al.
(1976) have found that 22% of genital lesions in
female patients were due to HSV-1. HSV-2 differs
from HSV-1 in several properties although the
viruses are genetically very similar (Kieff et al., 1972).
HSV-1, for example, grows to higher titre in cell
cultures, is more thermostable, and produces a
recognisably different CPE to HSV-2 (Plummer et
al., 1968; 1970). Despite a considerable degree of
cross-neutralisation, the viruses can be distinguished
serologically (Schneweis, 1967). Kinetic neutralisa-
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tion (Plummer et al., 1970) or microneutralisation
tests (Pauls and Dowdle, 1967) are often used for
this, but differentiating the two types of virus today
can probably be done more easily by biochemical
methods. Thus the DNA of the viruses can be dis-
tinguished by restriction enzyme analysis (Skare et
al., 1975). Similarly, many of the virus polypeptides
produced in infected cells by the two types of virus
can be distinguished by polyacrylamide gel electro-
phoresis (Courtney and Powell, 1975).

LABORATORY DIAGNOSIS
HSV-1 infections are most rapidly diagnosed by
isolation of the virus in cell cultures such as BHK21
or RK1 3 cells (Grist et al., 1979). The virus causes a
rapid and characteristic CPE, and identification can
subsequently be confirmed by neutralisation test.
Primary infection can be diagnosed serologically by
demonstration of a rising titre or sometimes by high
stationary titres of antibody in complement fixation
tests. Cross reactions with VZ virus may make
interpretation difficult, but neutralisation tests are
usually specific (Grist et al., 1978). Recurrent infec-
tions do not usually cause either a rise in titre or
diagnostically high titres of antibody. If laboratory
diagnosis is required, isolation should be attempted.

EPIDEMIOLOGY
Infection with HSV-1 is virtually universal. The most
common route of infection is close personal contact,
such as kissing, when virus is transmitted via infected
mouth secretions. Infection is usually acquired
during the first three years of life, the incidence of
antibody rising steadily throughout childhood to
show a second peak during adolescence (Smith et
al., 1967). Smith and her co-workers found that 84%
of people aged between 30 and 39 years had HSV-1
antibody. HSV-2 is usually sexually transmitted
(Astruc, 1754) and is less common than HSV-1.
Nevertheless, HSV-2 infection is not rare, and sug-
gestions that it may play a role in cervical cancer
have kept interest in this virus at a high level (Naib,
1966; Rawls et al., 1970). The association is not yet
proven, but HSV-2 shows oncogenic potential in
vitro in that it transforms cultures of rodent embryo
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Fig. 1 Herpes simplex virus particle x 108 000. Photograph by Dr E. A. C. Follett.
Reproduced with permission from Notes on Medical Virology by M. C. Timbury, Sixth
edition. Churchill Livingstone, 1978.

cells (Duff and Rapp, 1971; Macnab, 1974). A focus
of HSV-2 transformed cells is shown in Figure 2.

PRIMARY HSV INFECTIONS
Primary infections with HSV-1 are usually symptom-
less, but when disease is produced this most often
takes the form of acute gingivostomatitis with pain-
ful membranous ulcers in the mouth (BurneL and
Williams, 1939). Vesicles are sometimes produced on
other areas of the skin, the head or neck being the
commonest sites. Sometimes the eye is affected,
giving rise to keratoconjunctivitis (Mintz, 1976).
Primary herpes can produce a surprisingly large
number of different diseases. For example, infection
of the finger can mimic a painful whitlow (Adamson,
1909). This is an occupational hazard of anaesthetists
and nurses whose fingers may become contaminated
with virus-containing throat secretions from patients
(Stern et al., 1959). HSV-1 may superinfect ecze-
matous skin to cause Kaposi's varicelliform eruption
(Kaposi, 1895; Lynch, 1945), a condition that may
be severe with a case fatality rate of up to 50%
(Mintz, 1976). HSV-2, the cause of genital herpes,
produces vesicles progressing to ulceration on ex-
ternal genitalia or the anal region. The cervix is
probably quite often involved in genital herpes, and
Willcox (1968) has described necrotic cervicitis

associated with considerable constitutional dis-
turbance. Babies born to mothers with a primary
HSV-2 infection late in pregnancy sometimes develop
generalised HSV-2 infection (Nahmias et al., 1967).
Not all cases of neonatal herpes are due to HSV-2;
some are due to HSV-1, and in them the source of
infection is-probably most often a HSV-1 lesion in
the mother (Quilligan and Wilson, 1951; Hanshaw
and Dudgeon, 1978) or, in one instance, probably
the father (Linnemann et al., 1978). Clinically, neo-
natal herpes is generally a severe disease with a high
mortality rate. The infection is disseminated with a
vesicular rash and signs of visceral involvement due
to hepatoadrenal necrosis (Hass, 1935). Respiratory
distress and bleeding are common features, but some-
times signs of CNS disturbance such as convulsions
and raised intracranial pressure dominate the clinical
picture (Hanshaw and Dudgeon, 1978). Primary
infection with HSV-1 can become disseminated in
previously healthy adults, but this is very rare
(Kipping and Downie, 1948; Juel-Jensen, 1970).
Generalised herpes presenting as acute hepatitis in an
adult has also been described (Francis et al., 1972).

LATENCY
Both HSV-1 and HSV-2 become latent in ganglia
after primary infection. With HSV-1 this is most
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Fig. 2 Focus of rat embryo cells transformed by type 2 herpes simplex virus.
Photograph by Dr J. C. Macnab.

often the trigeminal ganglia (Bastian et al., 1972;
Baringer and Swoveland, 1973) from which virus can
be recovered in 60% of cadavers by co-cultivation
with susceptible cells (Warren et al., 1977). The state
of the virus in the ganglia is unknown. To recover
virus from ganglia requires prolonged co-cultivation
of ganglion explants with susceptible cells; yet HSV
is a fast-growing virus which normally produces a
rapid CPE in cell culture. This suggests that HSV is
not present in ganglia as free infectious virus. It is
tempting to speculate that the virus DNA may be
integrated into the chromosomes of the neurones or
other ganglion cells in the form of a provirus, but
there is no evidence at present to support this. The
mechanism of reactivation of latent virus and its
subsequent neural spread to produce lesions in the
appropriate area of skin is also unknown. Recently,
latent HSV-1 has also been demonstrated in the
superior cervical and vagus ganglia (Warren et al.,
1978). Linnemann et al. (1978) have shown that
individual strains of HSV-1 can be distinguished by
DNA restriction enzyme analysis. This technique
has shown that viruses from the same person are
identical but differ from virus strains carried by other
people (Lonsdale et al., 1979). The sites of latent
HSV-2 are the sacral ganglia (Baringer, 1974).

REACTIVATION
HSV-1 reactivations are either symptomless (Douglas
and Couch, 1970) or cause the familiar cold sores at
mucocutaneous junctions around the mouth and
nostrils. Recurrent infection seems to be due to virus
reactivation in ganglia with centrifugal spread down
sensory nerves to cause lesions in areas of skin sup-
plied by the nerves (Goodpasture, 1929). Recurrent
infection sometimes involves the cornea (presumably
via the ophthalmic nerve from the trigeminal
ganglion) to cause dendritic ulceration with the risk
of progressive damage to the eye (Jones, 1958; Norn,
1970). Like HSV-1, HSV-2 infection on the genitalia
may become recurrent (Legendre, 1853; Hutfield,
1967; Parker and Banatvala, 1967). The most severe
of all herpes diseases is acute necrotising encephalitis
(Smith et al., 1941; Olson et al., 1967; Adams and
Jennett, 1967). Although the origin of the virus in
this disease is uncertain, it is probably more often
due to reactivation than to primary infection. The
main site of infection is usually the temporal lobes,
and the necrosis produced may cause signs and
symptoms that mimic those of a space-occupying
lesion (Adams and Jennett, 1967). The mortality rate
is high, and disabling neurological sequelae are
common in survivors.
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INFECTION IN IMMUNOCOMPROMISED
PATIENTS

Patients whose immunological defences are impaired
by disease or drugs are unusually susceptible to
infection with HSV. This is manifest by the tendency
of some of these patients to develop severe life-
threatening infections although many, of course,
develop typical herpes in the same way as normal
people. The main types of patient susceptible to this
form of herpes are those suffering from leukaemia or
other forms of cancer and those on immunosuppres-
sive therapy. There is some doubt as to whether
immunocompromised patients develop herpes more
often than normal people. Aston et al. (1972) found
a.n increased incidence of herpetic infection in
patients with myeloproliferative and lymphopro-
liferative diseases, but no rise in the incidence of
herpes was found among renal transplant patients
studied by Spencer and Andersen (1970). What is
not in doubt is that such patients sometimes develop
very severe infections. Abnormally extensive spread-
ing cold sores have been described in renal transplant
patients (Montgomerie et al., 1969; Crosby et al.,
1969), and, in some, the ulceration had spread to

Fig. 3 Extensive cold sores in a patient with a renal
transplant. Reproduced, with permission, from Kidney
Transplantation; Principles and Practice edited by
Professor P. J. Morris. Copyright by Academic Press
Inc. (London) Ltd, 1979.

involve the oesophagus and gastrointestinal tract
(Montgomerie et al., 1969). Similar spread of ulcera-
tion to the gastrointestinal tract has been described
in a patient with leukaemia (Howiler and Goldberg,
1976). A patient with a renal transplant with exten-
sive cold sores is illustrated in Figure 3. Sometimes
herpes in immunocompromised patients becomes an
overwhelming generalised infection. This has been
reported in children with leukaemia (Ruiz-Palacios
et al., 1977; Faden et al., 1977) in whom haemorrhage
and necrosis affecting liver, adrenals, gastrointestinal
tract, lungs, and brain were found at postmortem
examination (Ruiz-Palacios et al., 1977). Fatal dis-
seminated herpes has been described in a large series
of severely malnourished children in South Africa
(Becker et al., 1963; Kipps et al., 1967), which sug-
gests that malnourishment-and kwashiorkor in
particular-enhances susceptibility to this form of
herpes. Infection may become disseminated in adults
also, and Naraqi et al. (1976) have described viraemia
in four adults with pre-existing disease, two of whom
had renal transplants. In all four patients the infec-
tion was probably due to reactivation since they had
antibody before infection, and all recovered.
Hepatitis is a constant feature of severe generalised
HSV infection in malnourished children and was the
predominant and presenting feature in a pregnant
patient with hyperemesis gravidarum (Flewett et al.,
1969), a case of Hodgkin's disease (Lee and Fortuny,
1972), a renal transplant patient (Anuras and
Summers, 1976), and an asthmatic patient on corti-
sone therapy (Diderholm et al., 1969). Severe
herpetic superinfection of burns has been described
(Foley et al., 1970), in which two of six patients died
from disseminated infection. This condition is
reminiscent of Kaposi's varicelliform eruption, and
it may be that the latter should more correctly have
been included as infection in a compromised patient.

TREATMENT
Infections with HSV are among the few viral diseases
for which specific treatment is available. However,
it must be stressed that antiviral therapy is generally
considerably less effective and less free from side-
effects than the use of antibiotics in bacterial disease.
The antiviral drugs that are active against HSV are
pyrimidine or purine analogues, and three com-
pounds are in current use: idoxuridine (5-iodo-2-
deoxyuridine), cytarabine (cytosine arabinoside),
and vidarabine (adenine arabinoside).

Idoxuridine is widely used for the treatment of
herpes keratitis. Applied locally every one or two
hours as a 0-1 % solution, it clears up the acute
disease in most patients. Perhaps not surprisingly, it
does not prevent recurrences (Patterson et al., 1963;
Ey et al., 1964; Norn, 1970). More recently, a new
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compound, acycloguanosine, has been reported to
be effective in producing 'brisk healing' and prevent-
ing recurrence-at least within a short period of
seven days (Jones et al., 1979). Human interferon is
not generally available but it has been tried in herpes
keratitis and was also found to prevent recurrences
of dendritic ulcer in a short-term follow-up of from
seven to 10 days (Jones et al., 1976). Whether these
drugs will be effective in preventing recurrence in the
long term is unknown. Herpetic skin lesions and
whitlows can also be treated with locally applied
idoxuridine, but in this instance the drug is applied
as a solution of 5 % or 40% (in the case of whitlows)
in dimethyl sulphoxide (Juel-Jensen and MacCallum,
1972). Dimethyl sulphoxide aids penetration of the
drug into the skin, and there is evidence that this
treatment reduces the duration of pain and hastens
healing of lesions (Juel-Jensen and MacCallum,
1972). Verbov (1979) has also found that widespread
herpetic skin infection, including Kaposi's varicel-
liform eruption, responds well to local applications
of 5% idoxuridine in dimethyl sulphoxide. Infections
that require systemic treatment present difficult
problems. All three drugs act by inhibition of DNA
synthesis and all have toxic side-effects, of which the
most serious is bone marrow depression; they are
administered intravenously. Vidarabine seems less
toxic than the other two. Herpes encephalitis was,
in the early days of drug therapy, widely treated with
idoxuridine. However, although scattered case
reports indicated that this treatment might be
effective, a collaborative study organised in Boston
and reported in 1975 showed that this was not the
case. The trial was, in fact, cut short because of
unacceptable side-effects and the high death rate in
the treated patients. Herpes encephalitis is now
treated with intravenous vidarabine, and a con-
trolled trial (Whitley et al., 1977) has clearly shown
that this treatment is effective although formidable
problems remain with regard to neurological
sequelae in survivors. Cytarabine has been used with
apparent success in generalised herpes by Juel-
Jensen (1970). It reduces virus shedding and is the
preferred drug for this condition.

Varicella-zoster virus

Varicella-zoster (VZ) virus can also become latent in
ganglia after primary infection. It, too, can re-
activate, although less often than HSV, and when it
does, it causes the characteristic disease, zoster. This
consists of vesicles limited to an area of skin corres-
ponding to a dermatome supplied by a sensory nerve
from the appropriate posterior root ganglion. VZ
virus grows slowly in cell cultures of human embryo
lung and thyroid cells with the production of a CPE

which starts as foci of rounded cells. The virus is
strongly cell-associated and has to be passaged by
inoculation of infected cells rather than the culture
medium. VZ virus is extremely labile, and infectivity
is rapidly lost at room temperature or by drying.

LABORATORY DIAGNOSIS

Infections are best diagnosed serologically. A rising
titre or high stationary titres of antibody can usually
be demonstrated in both varicella and zoster by com-
plement fixation tests in which infected cells are used
as antigen. Virus can also be isolated from vesicle
fluid, but this is technically considerably more
difficult than serology. Typical herpes particles can
often be demonstrated in vesicle fluid by electron
microscopy, and this can occasionally be a useful
method of rapid diagnosis. Morphologically, how-
ever, the virus cannot be further diagnosed than as a
herpesvirus.

EPIDEMIOLOGY
VZ infection is commonly acquired during childhood,
but infection is not quite as universal as measles. As
a result, a proportion of adults are non-immune.
Varicella is acquired by inhalation usually of
respiratory secretions from another case of the
disease. However, varicella can also be acquired
from contact with cases of zoster, probably due to
inhalation of virus shed from skin lesions (Peterson
and Black, 1946; Seiler, 1949; Hope Simpson, 1954).
Varicella is seasonal, being more common in winter
and spring. Zoster is not seasonal and, despite
occasional claims to the contrary, is widely accepted
as due to reactivation of endogenous virus which has
become latent after varicella, usually many years
previously.

PRIMARY INFECTION
Varicella is the result of primary infection with VZ
virus, and, unlike HSV, primary infection is usually
accompanied by symptoms. Non-immune adults
who acquire infection have a relatively high chance
of developing varicella pneumonia (Weinstein and
Meade, 1956; Sargent et al., 1967; Carstairs and
Emond, 1963). This complication varies in severity
from a mild disease, in which pulmonary changes on
x-ray may be more striking than the clinical condi-
tion of the patient suggests, to a severe illness. In the
latter group, patients can be very ill with high fever
and respiratory distress, and there is sometimes a
fatal outcome (Sargent et al., 1967). Varicella
pneumonia is often followed by pulmonary calcifica-
tion (Knyvett, 1966). In children, varicella is generally
mild and complications are rare. These can be
classified into four categories: respiratory, haemor-
rhagic, neurological, and infective. The propensity
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for adults to develop varicella pneumonia has been
mentioned, but of course children too are not
immune from this complication although they are
much less likely to develop it. It has long been recog-
nised that there is a haemorrhagic tendency in vari-
cella which is due to thrombocytopaenia. Haemor-
rhagic syndromes associated with varicella have been
reviewed by Charkes (1961). The most common is
febrile purpura, in which there is some haemorrhage
into vesicles with skin petechiae and occasionally
epistaxis and melaena. Post-infectious purpura,
which is of later onset, is another recognised com-
plication and, like febrile purpura, is a self-limiting
disease with a good prognosis. Rarely, varicella
presents, even in previously healthy people, as an
overwhelming infection-malignant chickenpox with
purpura-in which haemorrhagic manifestations
both into the skin vesicles and from internal sites
are much more severe (Blair et al., 1965). A very rare
complication is gangrenous purpura or purpura
fulminans (Gyde and Beales, 1970), in which sub-
cutaneous haemorrhage progresses to gangrene of
the extremities, causing shock and sometimes neces-
sitating amputation. This condition and malignant
chickenpox with purpura have a high mortality rate.

Like other childhood fevers, varicella is sometimes
followed by postinfectious encephalomyelitis al-
though much less often than, for example, measles
(Miller et al., 1956). In this form of encephalitis
virus cannot be isolated from the brain, and the pre-
dominant histological finding is of perivascular
infiltration with demyelination. It is, therefore, a
totally different disease from the acute necrotising
encephalitis due to HSV-1. Cerebellar ataxia is a
common feature of varicella encephalitis and has
been reported in 37% of the cases reviewed by
Appelbaum et al. (1953). Most patients make a com-
plete recovery from varicella encephalitis although
about one-fifth are left with neurological sequelae.
Patients who have become comatose have a worse
prognosis. A less serious complication of varicella is
superinfection of the skin lesions with pyogenic
bacteria, but with the advent of antibiotics this now
presents little problem in management. Very rarely,
the vesicular lesions of varicella become frankly
bullous, but this is not associated with severity of
infection, and the constitutional disturbance in
bullous varicella is mild and the prognosis good
(Saslaw et al., 1960). Glomerulonephritis has been
reported in association with varicella. Histologically,
the renal picture resembles that of poststreptococcal
glomerulonephritis (Yuceoglu et al., 1967).

Varicella in pregnancy poses a threat to the infant.
In early pregnancy, infection may cause a character-
istic syndrome of congenital abnormalities which
include limb hypoplasia, muscular atrophy, and

cerebral and psychomotor retardation (Laforet and
Lynch, 1947; Savage et al., 1973; Hanshaw and
Dudgeon, 1978). This condition, however, is exceed-
ingly rare, and only eight cases have been described
in the literature over some 25 years (Hanshaw and
Dudgeon, 1978). Maternal infection near the time of
delivery may spread to the fetus through intrauterine
infection and give rise to perinatal or neonatal vari-
cella. The disease can be an overwhelming dis-
seminated infection with necrotic foci in lungs and
abdominal viscera and a high mortality rate (Ehrlich
et al., 1958; Freud, 1958). Some infants, on the other
hand, develop a disease that resembles the normal
mild form of childhood varicella (Newman, 1965).
The factor that determines the severity of neonatal
disease is the time of maternal infection in relation
to delivery (Gershon, 1975; Hanshaw and Dudgeon,
1978). If the mother develops varicella five days or
more before delivery, then the disease in the infant
is mild; if her varicella is within five days of delivery,
her child is at risk from severe varicella. The explana-
tion seems to be that varicella at least five days
before delivery results in the production of some
early maternal antibody which crosses the placenta
and modifies the disease in the child. The child there-
fore develops mild varicella within the first 4 days
of life. Maternal varicella nearer the time of delivery
is too early for antibody to be produced which might
protect her child, and the infant may therefore
develop unmodified disease. Infants infected in
utero in these circumstances develop varicella be-
tween 5 and 10 days after birth, and, in many of
them, the disease is severe. The case fatality rate of
neonatal varicella acquired as a result of maternal
infection within four days of delivery has been
estimated to be 30% (Gershon, 1975).

ZOSTER
Zoster is mainly a disease of adult life and particularly
of the elderly. It is due to reactivation of VZ virus
which has become latent in sensory root ganglia
after primary infection, that is, varicella. Presumably
the virus gains access to the ganglia during primary
infection and, while retaining potential for reactiva-
tion, remains latent there throughout life. Clinically,
zoster presents a very characteristic picture with a
band of painful vesicles-'a belt of roses from Hell'
(British Medical Journal, 1979). The lesions are
usually restricted to a single dermatome correspond-
ing to the ganglion affected. During an attack,
affected ganglia show inflammatory changes with
necrosis of nerve cells (Muir, 1976). Virus is pre-
sumed to spread down the appropriate sensory nerves
to cause lesions in the dermatome supplied by the
nerve. Virus can readily be isolated from the
vesicles.
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Zoster most often involves dorsal ganglia but
zoster affecting lumbar and trigeminal ganglia is
common (Hope Simpson, 1965). Rarely, zoster may
arise in sacral ganglia with an eruption on the
buttocks and genital area and involvement of the
bladder (Meyer et al., 1959; Jellinek and Tulloch,
1976). The Ramsey Hunt syndrome-wrongly
attributed to geniculate herpes-is characterised by
pain in the ear and an eruption on the external
auditory meatus, tympanic membrane, and outer ear
with facial paralysis. The incidence of zoster rises
with age, and in Hope Simpson's practice the
annual incidence in octogenarians was 10% (Hope
Simpson, 1965). Recurrent zoster is not infrequent-
and again elderly patients are more liable to develop
this. Neuralgia is a well-recognised and trying
sequel, which is particularly common in the elderly
(Foster, 1969). Zoster sine herpete may be difficult
to diagnose since it manifests as pain within the
distribution of the affected nerve without a vesicular
eruption (Lewis, 1958). Paralysis not infrequently
follows zoster and is more common after cranial
(Slatkin and Miller, 1950) than spinal zoster (Gupta
et al., 1969). Gupta and his co-workers studied non-
cranial paralysis and found that, although the
majority made a complete recovery, one-sixth had
permanent paralysis. Interestingly, paralysis does not
always involve muscles in the same segmental dis-
tribution as the vesicular eruption although it
usually does so (Taterka and O'Sullivan, 1943).
Meningoencephalitis has been reported as a com-
plication of zoster. The prognosis is relatively good,
and in one series of 14 cases, Appelbaum et al. (1962)
found that there were no deaths and, of the nine
patients who were followed up, six had no sequelae.

INFECTION IN IMMUNOCOMPROMISED
PATIENTS
Varicella, the mildest of childhood fevers, can be
severe and even lethal in children with leukaemia
and, more rarely, other types of cancer (Gordon,
1962; Cheatham et al., 1956). Children on cortisone
therapy are also liable to develop severe varicella
(Haggerty and Eley, 1956; Nichols, 1957; Finkel,
1961; Pinkel, 1961). Varicella in these children shows
an unusually extensive and haemorrhagic rash with
grave constitutional disturbance, and several of the
cases reported in the literature have died. Patients on
immunosuppressive therapy for renal transplants
have a considerably increased risk of zoster, the
incidence in them being recorded as 8% and 13 % in
two different surveys (Rifkind, 1966; Koranda et al.,
1974). The risk of developing zoster is particularly
high in patients with Hodgkin's disease, in whom
Schimpff et al. (1972) and Feldman et al. (1973)
reported an incidence of 25 % and 22% respectively.

Goffinet et al. (1972) found an incidence of zoster in
their lymphoma patients of 11 %, and of the 129
patients who developed zoster, 21 had disseminated
disease. In most of the reported series, a proportion
of compromised patients with zoster have suffered
from disseminated infection (Merselis et al., 1964;
Goffinet et al., 1972; Schimpff et al., 1972). A case of
disseminated zoster in a patient with leukaemia is
shown in Figure 4. Not surprisingly, this is a serious
disease with high fever and considerable malaise, in
which pneumonia and encephalomyelitis are frequent
complications. The death rate is relatively high, and
disseminated zoster worsens the prognosis of the
underlying disease. Prolonged and progressive
cutaneous zoster has been noted in children with
cancer by Feldman and his co-workers (1973).

TREATMENT AND PROPHYLAXIS
Like herpes simplex, some forms of infection with
VZ virus are amenable to antiviral therapy. Since
varicella in normal children is generally a mild
disease, there is no need to treat it. However, the
disease in the immunocompromised child and in
some cases of zoster is of such severity or accompan-
ied by such troublesome pain that treatment should

Fig. 4 Desseminated zoster in a patient suffering from
chronic leukaemia. Photograph by Dr A. Lyall.

865

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.32.9.859 on 1 S
eptem

ber 1979. D
ow

nloaded from
 

http://jcp.bmj.com/


Morag C. Timbury and Elizabeth Edmond

be attempted. The drugs used are the same as for
herpes simplex. Zoster skin lesions can be treated
with locally applied idoxuridine as a 40% solution in
dimethyl sulphoxide, and this has been shown to
reduce the duration of pain and to accelerate healing
(Juel-Jensen et al., 1970). More recently, Juel-Jensen
and MacCallum (1974) have recommended a 35%
solution of the drug in dimethyl sulphoxide. Vid-
arabine given intravenously is now the drug of
choice for the treatment of varicella pneumonia and
of disseminated varicella or zoster in immuno-
compromised patients. It appears to be both
effective and relatively free from toxic side effects.
Recently, Merigan and his co-workers (1978) have
carried out a double-blind trial of human interferon
in patients with cancer who were suffering from
zoster. Interferon limited the dissemination of
lesions and reduced the severity of the pain.
A different approach is immunisation. Brunell and

his colleagues in 1969 reported on the results of a
controlled trial of zoster immune globulin in healthy
susceptible children exposed to varicella from a
household contact. The globulin was administered
within 72 hours of exposure and none of the treated
children developed varicella. Later, Brunell et al.
(1972) used zoster immune globulin to protect 'high-
risk' children with leukaemia, immunodeficiency
disease, or on immunosuppressive drugs who had
been exposed to varicella in their household. Five of
nine children did not develop varicella, three had
mild disease, and one child (who had a less potent
globulin preparation) developed progressive vari-
cella. Another approach has been the development
of an attenuated virus vaccine (Takahashi et al.,
1974). Prepared in human embryo lung cells, it has
apparently protected susceptible normal children
after household exposure and children on steroid
therapy after exposure in a hospital ward (Asano et
al., 1977a, 1977b). Hattori and colleagues (1976) have
also used this vaccine in children with leukaemia and
other malignancies with apparent success. However,
there are formidable potential problems when using
a live virus vaccine in immunocompromised
children. For example, the attenuation might be
insufficient in 'high-risk' children. Moreover, the
advisability of using live virus vaccines when, in
normal circumstances, latency follows primary
infection is certainly open to question.

Cytomegalovirus

Cytomegaloviruses are morphologically typical
herpesviruses and form a group of species specific
agents infecting many species of mammals and man.
As with other herpesviruses, primary infection is
followed by life-long persistence of latent virus.

LABORATORY DIAGNOSIS
Histological evidence of infection with human CMV
had been recognised many years before human CMV
was first isolated from a human fetus in 1956 (Smith,
1956). In vitro the characteristic cytopathology of
human CMV (Fig. 5) is seen predominantly in human
fibroblasts and consists of focal cytomegalia with the
formation of intranuclear and intracytoplasmic
inclusions. New isolates of virus from clinical
material are largely cell-associated, but high-titre
extracellular virus can be produced after laboratory
adaptation. Several well-established laboratory
strains, such as AD169, Davis, and Ken, are used
extensively for the production of antigens for sero-
logical tests. Antigenic diversity has been noted
regularly between strains of CMV, but in cross-
neutralisation tests there is a major degree of overlap
(Zablotney et al., 1978). Differentiation into types,
according to geographic area or site of isolation, is
clearly not justified. CMV does not survive well out-
side the body. Early inoculation of fresh material
into cell culture is recommended for isolation from
clinical material. If freezing of specimens is unavoid-
able specimens should be collected into a medium
containing sorbitol (Beynesh-Melnick, 1969). Al-
though limited replication takes place in epithelial
cells (Knowles, 1976), human fibroblasts remain the
cell of choice for primary isolation. Because of the
very slow growth of some isolates, cell culture
should be maintained for a minimum of one month.
The complement fixation (CF) test is the most

widely used method of detecting antibody to CMV.
The sensitivity of the test depends on the type of
antigen used, glycine extraction increasing sensitivity
(Kettering et al., 1977b). For the detection of pre-
vious exposure to the virus an indirect immuno-
fluorescence test for antibody to late antigen is most
sensitive but introduces the problem of false-positive
results due to IgG receptors on infected cells
(Keller et al., 1976). The use of an anticomplement
fluorescence test (Kettering et al., 1977a) or of
isolated nuclei as antigen in the standard test (Stagno
et al., 1978) may obviate this difficulty. Long-lasting
antibody to CMV has also been detected by an
indirect haemagglutination technique (Bernstein and
Stewart, 1971) and by microneutralisation (Chiba et
al., 1972). Both methods are sensitive and specific
but difficult to standardise for routine use. Virus
specific IgM antibody detected by indirect immuno-
fluorescence (Hanshaw et al., 1968) is transitory and
is a reliable indicator of recent infection if secondary
staining due to antiglobulin factors is excluded
(Shirodaria et al., 1973). Antibody to early antigen
appears to be due more to virus excretion, whether
this is related to primary infection or to reactivation
(The et al., 1974; Gerna et al., 1978).
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Fig. 5 Cytopathic effect ofhuman cytomegalovirus in human embryo lung cells. Photograph by Dr T.
Mills, Glaxo Laboratories.

EPIDEMIOLOGY

CMV has been isolated from urine, nasopharyngeal
secretions, saliva, breast milk, cervical secretions,
and semen, any of which may contribute to the
horizontal spread of the virus.

Infection may occur during or soon after birth in
spite of the presence of passively acquired maternal
antibody (Reynolds et al., 1978). The prevalence of
antibody in a community increases with age, but the
rate of acquisition of antibody is profoundly in-
fluenced by socioeconomic conditions. Thus in
India 80% of children have antibody at the age of
4 years (Mukundan et al., 1977), whereas in large
cities of more affluent nations only 30-40% of pre-
school children have antibody (reviewed by Plummer
(1973)). Prevalence rates of CF antibody in adults
vary from 40% in highly industrialised nations to
100% in underdeveloped countries while high
infection rates are also found in underprivileged
communities of affluent societies (Krech, 1973).

Natural routes of transmission in the healthy
population have not yet been clearly defined although
close and prolonged contact is probably required.
Unusually high rates of infection have been noted in
children living in boarding schools or institutions
(Stern and Elek, 1965).

Primary infection with CMV results in prolonged
excretion of virus, particularly in childhood when
virus excretion may continue for two to three years
after postnatal infection. In this country, peak virus
excretion rates are found in infants aged 6 months to
4 years (Stern, 1968). Excretion is unusual in normal
older children and adults although cervical excretion
by sexually active women appears to be more
common (Willmott, 1975), providing a source for
both horizontal spread of infection to sexual partners
and vertical spread of infection to offspring at
delivery.

LATENCY AND REACTIVATION
The sites of CMV latency after primary infection
remain undetermined. Three sites are suggested by
information presently available. Thus transmission
of CMV by blood transfusion to produce the 'post
perfusion syndrome' (Kaarianen et al., 1966) in
patients undergoing open-heart surgery provides
evidence for persistence of virus in some form in the
blood, as does the regular seroconversion and virus
excretion that follows neonatal transfusion (Yeager,
1974; Tobin et al., 1975). While viraemia can be
demonstrated in patients with active infection (Fiala
et al., 1975; Lang and Noren, 1968; Jordan et al.,
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1973) isolation from the blood of healthy seropositive
individuals has only once been reported (Diosi et al.,
1969). In vitro infection of peripheral leucocytes
with CMV results in prolonged survival of infective
virus, suggesting that some cells of undetermined
type may be capable of supporting replication (St.
Jeor and Weisser, 1977).

Serological studies of donors and recipients of
renal transplants support the concept of transmission
of infection (vide infra) in renal tissue from sero-
positive donors. Nevertheless, attempts to demon-
strate virus in normal renal tissue by standard isola-
tion or co-cultivation techniques have proved un-
successful (Naraqi et al., 1978). Finally, the cervical
excretion of virus by a small proportion of normal
adult women, both pregnant and non-pregnant
(Stagno et al., 1975b), raises the question of a site of
latency and reactivation in the genital tract.

CLINICAL PRESENTATION
Disease due to CMV is unusual in the normal
individual. However, primary infection delayed into
adult life occasionally presents as a 'glandular fever'
syndrome, with pyrexia, lymphocytosis, and ab-
normal liver function tests (Klemola and Kaariainen,
1965). Although the haematological picture re-
sembles that of infectious mononucleosis and a
variety of autoantibodies (Kantor et al., 1970) may
be produced, the Paul Bunnell test remains negative
throughout the course of the disease. The clinical
course is usually that of a mild non-specific febrile
illness without tonsillitis, lymphadenopathy, or
jaundice, but severe complications may arise. The
most frequently reported of these is a peripheral
neuritis of the Guillain Barre type (Arnold et al.,
1978). Frank hepatitis (Lamb and Stern, 1966), myo-
carditis (Tiula and Leinikki, 1972), chorioretinitis
(Chawla et al., 1976), and vasculitis (Bamji and
Salisbury, 1978) have been reported in association
with CMV infection in previously normal individuals.
The diagnosis of CMV infection can be confirmed

in suspected cases by isolating virus from the throat
swab or urine and by demonstrating the presence of
CMV specific IgM in serum. A rising titre of comple-
ment fixing antibody to the virus during the course
of the disease may be detected but is often missed if
the patient presents late in the course of the infection.

CONGENITAL INFECTION
Primary infection during pregnancy is recognised as
a significant cause of congenital abnormality in-
volving particularly the central nervous system
(Hanshaw, 1971). Infection as shown by serocon-
version occurs in 3 % of white women in London,
and about half of these infected pregnancies result
in fetal infection (Stern and Tucker, 1973). There is

little evidence that reactivation with virus excretion
from the cervix during pregnancy is actually harmful
to the fetus, although reactivated maternal infection
is apparently responsible for symptomless fetal in-
fection in some communities (Stagno et al., 1977).
At birth, approximately 0-5-1 % of all infants excrete
virus. Infected infants are usually asymptomatic at
birth, but some may show signs of systemic infection
with jaundice, hepatomegaly, and purpura, while
others may already have signs of central nervous
system damage reflected in microcephaly, intra-
cerebral calcification, or choroidoretinitis. The prog-
nosis for normal development is poor in this latter
group, and although there is a higher chance of
normal development when only systemic infection is
diagnosed at birth, late onset of deafness or neuro-
muscular incoordination sometimes occurs in these
children (MacDonald and Tobin, 1978). Even in
those infected infants apparently normal at birth,
deafness or impaired intellect may become apparent
in later childhood (Hanshaw et al., 1976).
A confident diagnosis of congenital CMV infection

can be made when CMV is isolated from urine or
throat swab in the first three weeks of life. The
demonstration of CMV specific IgM or IgA in
serum at this time is valuable if positive but may be
negative when virus excretion is present (MacDonald
and Tobin, 1978; Melish and Hanshaw, 1973). The
titre of IgG antibody to the early antigen of CMV
may be a more sensitive test for congenital infection
(Stagno et al., 1975a; Gerna et al., 1978).

Additional support for the diagnosis is the finding
of CMV specific macroglobulin in maternal serum.
Persistence of CF antibody in the infant is not a
reliable indicator of congenital infection as the titre
may become negative in infants who excrete virus
at birth. Persistence of IgG fluorescence antibody is
more sensitive (Stagno et al., 1975a; MacDonald and
Tobin, 1978). Even with serial assessment of anti-
body levels it may be very difficult to discriminate
between congenital and perinatal infection.

INFECTION IN THE IMMUNOCOMPROMISED
HOST
CMV infection is a regular feature of immuno-
suppression, whether the immune defect is induced
by drugs or invoked by disease. Infection with CMV
has been reported after renal, bone marrow, cardiac,
and hepatic allografts.
The infection has been extensively studied in

recipients of renal transplants in whom the incidence
of CMV infection is higher than in any other group
of compromised hosts. The rate of urinary virus
excretion in these patients varies from 50% to 95%
(Craighead et al., 1967; Fiala et al., 1975; Spencer,
1974), and although symptomatic infection occurs
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much less frequently there is no doubt that CMV
infection contributes to both morbidity and mortal-
ity. The discrepancy between the high rate of virus
excretion and the much lower rate of symptoms
attributable to CMV after renal transplant has been
explained by the appreciation of the difference
between primary and secondary infection in this
situation. Primary infection, which is usually sympto-
matic, occurs in individuals who are without anti-
body at the time of transplant and who receive a
kidney from a seropositive individual (Ho et al.,
1975; Betts et al., 1975). The transplanted organ
presumably carries latent CMV infection (although
this has been difficult to demonstrate in vitro), which
produces disease in the non-immune host after a
latent period of one to two months. Symptoms occur
in 90% of primary infections. Prolonged fever,
pneumonia, leucopenia, and hepatitis are the most
frequent manifestations (Betts et al., 1977).

Reactivation of latent CMV infection occurs in
virtually all renal transplant patients who possess
antibody before transplant, but these patients
generally remain asymptomatic. Virus shedding
begins usually in the first three months after trans-
plant and persists for months or years. Reactivated
infection probably also accounts for the high rate of
virus excretion in adults with neoplasia (Duvall et
al., 1966) and in patients treated with cytotoxic drugs
for rheumatic disorders (Dowling et al., 1976).
CMV infection in transplant recipients is frequent-

ly associated with superinfection by other organisms.
This increased susceptibility to superinfection in
patients undergoing CMV infections has been noted
particularly after cardiac transplant (Rand et al.,
1978). Two suggested contributory factors to explain
such increased susceptibility are local tissue damage
occurring during viral replication and additional
immunosuppression induced by the virus infection.

In renal transplant recipients, reduced graft
survival has been noted in patients with CMV infec-
tion (Lopez et al., 1974; May et al., 1978). Similarly,
graft versus host disease is seen in association with
pneumonitis in recipients of marrow allografts
(Meyers et al., 1975).

There may well be two quite different mechanisms
of interaction between HLA antigens and CMV
infection, either or both of which may play a part in
rejection episodes. Thus the production of virus
antigens on the surface of transplanted tissue cells
during a spreading lytic infection would provide an
immunological stimulus additional to that provoked
by foreign tissue antigens already present on the
graft. On the other hand, there is experimental
evidence to suggest that the host versus graft reaction
may enhance the reactivation of latent CMV
(Olding et al., 1975). The relative importance of
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these interactions in rejection episodes requires
further study.

ONCOGENESIS
In common with known oncogenic DNA viruses,
CMV can induce host-cell DNA and RNA synthesis.
Human cells infected with human CMV will grow in
soft agar for several generations, exhibiting loss of
contact inhibition, although this behaviour is
transient and is always followed by lysis of the cells
(Lang et al., 1974). A strain of CMV inactivated by
ultraviolet light produced transformation in hamster
embryo fibroblasts, and these cells are oncogenic in
newborn hamsters producing fibrosarcomas
(Albrecht and Rapp, 1973). In addition, evidence
has recently been presented suggesting that CMV
may be involved in adenocarcinoma of the colon
(Huang and Roche, 1978). This information is
particularly interesting in view of previous reports of
CMV infection associated with ulcerative colitis and
intestinal ulceration (Cooper et al., 1977).

THERAPY AND PREVENTION

Although limited success in virus suppression has
been reported after treatment with both DNA
analogues and interferon (Ch'ien et al., 1974;
Emodi et al., 1976), the side effects of both types of
treatment restrict their exploitation in the circum-
stances in which they are most urgently required,
that is, in infection in the immunosuppressed patient
and in congenital infection. Infection in transplant
patients can be reduced by screening with sensitive
techniques both donor and recipient to prevent, as
far as possible, transmission of latent infection from
a seropositive donor to a seronegative recipient.
Prevention of symptomatic primary infections in
both situations may be achieved by the use of a safe
and reliable vaccine for seronegative patients before
transplant and for seronegative girls before preg-
nancy. The results of clinical vaccine trials with two
candidate vaccines have been published (Elek and
Stern, 1974; Plotkin et al., 1976). Both vaccines
produced seroconversion in seronegative individuals
without side effects other than local reactions.
The important potential risks of using a live CMV

vaccine are the suspicion of oncogenicity and the
possibility of disease associated with reactivated
infection. These problems have had to be considered
very carefully before the vaccine has been more
widely used. Nevertheless live attenuated herpes
vaccines have been used for many years in domestic
animals and have proved to be both safe and
efficacious. The results of present vaccine trials being
carried out in transplant patients in both America
and England are awaited with great interest.
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Epstein-Barr virus

Epstein-Barr virus (EBV), the most recently recog-
nised of the human herpesviruses, was first observed
during studies on the ultrastructure of cells originat-
ing from a Burkitt lymphoma biopsy specimen
(Epstein et al., 1964). There is now no doubt that this
virus is the aetiological agent of infectious mono-

nucleosis and that it is intimately associated with
Burkitt's lymphoma and nasopharyngeal carcinoma.

LABORATORY METHODS

The biological activity of EBV can be demonstrated
in vitro only by its effect on human or primate B
lymphocytes (Pattengale et al., 1973; Jondal and
Klein, 1973) which are, as a result of infection with
the virus, transformed into continuous lympho-
blastoid cell lines (CLC). Such immortalised cells
can be initiated from peripheral blood leucocytes of
patients with infectious mononucleosis and from any
individual who has antibody to EBV, without the
addition of extraneous EBV (Nilsson, 1971). The
mechanism of production of CLC in these situations
is different from that operating when cell lines are

initiated from biopsy specimens of Burkitt's
lymphoma tumours (Epstein and Achong, 1977).
Nevertheless, lines initiated from these sources are

composed of B cells, virtually all of which contain
EBV genome (Zur Hausen and Schulte-Holthausen,
1970), which is expressed to a variable but character-
istic degree in each cell line. Some socalled 'non
producer' cell lines produce only a nuclear virus
determined antigen (EBNA), while in 'producer'
lines, a proportion of cells allow complete expression
of viral genetic material with the production of a

range of viral antigens and free infectious virus.
Lymphoblastoid cell lines provide a very convenient
in vitro model for both viral transformation and
herpesvirus latency which have been intensively
studied by a wide variety of techniques employed by
a range of scientific disciplines. It has been shown
that in the transformed cells the viral DNA exists
both in a form integrated with the host chromosomes
and in plasmid form (Nonoyama and Pagano, 1972).
Regulatory mechanisms in the expression of viral
DNA are currently being studied by cell hybridisa-
tion techniques in which the expression of viral anti-
gens is traced in heterokaryons formed by fusion of
EBV genome-carrying cells either to each other or to
genome-negative cells of various types (Glaser and
Rapp, 1975; Klein et al., 1976a).

Viral antigens expressed in CLCs have almost all
been recognised in tests of immunofluorescence
using human serum from patients with Burkitt's
lymphoma or with infectious mononucleosis. Anti-
body profiles to a range of EBV antigens have been

Morag C. Timbury and Elizabeth Edmond

defined in detail for both of these conditions and for
nasopharyngeal carcinoma. In the acute infection
there is an early appearance of IgG antibody (Evans
et al., 1968) and IgM antibody (Banatvala et al.,
1972) to virus capsid antigen (VCA) with, in 8Oo%
of patients, an IgG antibody to one component of
the early antigen (EA) complex of EBV (Henle et al.,
1971b). A positive indirect immunofluorescent test
for IgG antibody to VCA is shown in Figure 6. IgM
antibody and antibody to EA are transient, lasting
for only a few months after infection, while IgG
persists for life. Neutralising antibody (Hewetson et
al., 1973) and antibody to EBNA (Henle et al.,
1974b) develop more slowly after infection and
persist indefinitely. In patients with Burkitt's
lymphoma or nasopharyngeal carcinoma the titres
to certain antigens are of prognostic significance
(Henle et al., 1971a; Chan et al., 1977).
Although the virus cannot be demonstrated readily

in nasopharyngeal secretions, its presence in them
can be deduced by the in vitro transformation of cord
blood lymphocytes. Virus excretion can be shown to
occur in 80% of cases of infectious mononucleosis
(Miller et al., 1973) as well as in approximately 20%
of normal healthy seropositive individuals in
western communities (Gerber et al., 1972). Excretion
rates are higher in patients who are immuno-
suppressed, whether by drugs or disease, suggesting
reactivation of latent virus (Chang et al., 1973;
Strauch et al., 1974). There is a surprisingly high
(45 %) excretion rate of virus in apparently normal
individuals in areas in which Burkitt lymphoma
occurs (Gerber et al., 1976).

EPIDEMIOLOGY
Healthy excreters in the community provide a source
of virus for horizontal transmission. The age
incidence of IgG antibody to VCA varies from one
community to another, infection occurring at an
earlier age in underdeveloped countries or in socially
deprived groups of more industrialised communities
(Pereira et al., 1969; Biggar et al., 1978; Niederman
et al., 1970). Infection in childhood is usually
symptomless (Henle and Henle, 1970), and infectious
mononucleosis is a problem only in those areas
where a proportion of young adults, having escaped
earlier infection, meet EBV for the first time. In this
country approximately 60% of new university
students are without antibody, and of those,
approximately 20% per year experience infection
demonstrable by seroconversion (University Health
Physicians and PHLS Laboratories, 1971). Classical
infectious mononucleosis occurs in about half of the
infected students, the remainder developing either
mild symptoms or remaining symptomfree. The
reasons for the striking difference in age distribution
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Fig. 6 Positive indirect immunofluorescence test for IgG antibody to EBV viral capsid antigen in EB3 cells.

of asymptomatic infection and disease are unknown,
but a large and direct virus inoculum acquired in the
so-called 'kissing disease', or the state of maturity of
the immunological system, may play a part (Epstein
and Achong, 1977).

PATHOGENESIS OF INFECTIOUS
MONONUCLEOSIS
The protean clinical and immunopathological
features of infectious mononucleosis (IM) have been
well recorded previously (Finch, 1969; Lancet, 1973).
In recent years investigation has been directed to
unravelling the pathogenesis of this fascinating
disease. Although a clearer picture is now emerging,
some aspects of the disease have to date eluded satis-
factory explanation, and the mechanism of their
pathogenesis remains highly controversial. The
majority of 'atypical cells' present in the peripheral
blood in IM are in fact T lymphocytes (Sheldon et
al., 1973). These T cells are cytotoxic to B lympho-
cytes, expressing a lymphocyte detected membrane
antigen (LYDMA) which appears early after infec-
tion of B cells with EBV (Rickinson et al., 1977).
Presumably the brisk response of the T cells along
with the specific EBV antibody response brings to an
end the acute infection, but T cells capable of recog-

nising and responding to B cells expressing LYDMA

persist probably permanently thereafter (Moss et al.,
1978), as do neutralising antibody and antibody to
VCA and EBNA. The nature of the virus infection
of B cells in vivo has been highly controversial. Are
they already transformed by the virus (Klein, 1975);
are they in the early stages of virus replication
(Ernberg et al., 1976); or are they latently infected
with virus (Epstein and Achong, 1977) ? Cells positive
for EBNA antigen have been detected in the peri-
pheral blood only rarely in the acute phase of the
illness (Klein et al., 1976b). Detailed investigation of
a fatal case of TM (Crawford et al.,1979) supports the
view that these EBNA positive cells are associated
with replicating virus. However, it appears that the
EBV genome is also carried in small unstimulated
EBNA negative lymphocytes during IM (Crawford
et al., 1978), suggesting that latent infection of cells
is also present in the acute disease.
The differential Paul-Bunnell-Davidsohn test has

been used for 40 years as an apparently 'specific'
diagnostic test for IM but an explanation of its close
association with the disease remains elusive. Paul
Bunnell antigen has been demonstrated in normal
(Lowenthal et al., 1973) and pathological (Kano et
al., 1977) human tissues and appears to be present
on primate cells transformed in vitro by EBV (Shope
and Miller, 1973). The antibody is quite distinct
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from antibodies to EBV antigens (Henle et al.,
1974a), which acquire particular diagnostic signi-
ficance in the small proportion of cases in which
Paul Bunnell antibody does not develop (Nikos-
kelainen et al., 1974).

Viral infection of B cells themselves may account
for the production of inappropriate antibody such as
anti-i, rheumatoid factor, and antinuclear antibody
which may appear transiently during the course of
IM. Alternatively, such antibody may be produced
by noninfected cells released from normal control
mechanisms as a consequence of the immunosup-
pressive nature of EBV infection.

Thus, in the pathogenesis of the acute infection,
viral infection of antibody-producing cells is a
dominant feature. However, since infective virus is
excreted in nasopharyngeal secretions both during
the acute infection and afterwards, the existence in
the nasopharynx of an additional cell type permissive
for EBV replication has been proposed (Miller, 1975;
Epstein and Achong, 1977).

In clinical practice, EBV serology is not usually
necessary to confirm the classical presentation of IM
in which lymphocytosis with atypical lymphocytes
and a positive Paul-Bunnell-Davidsohn test are
demonstrated. However, the full differential test is
not always readily available, and alternative rapid
tests are not totally reliable. As previously noted, a
small proportion of patients with primary EBV
infection do not develop heterophile antibody. In
addition, patients with primary EBV infection may
not present at the usual age or may not present the
classical symptoms of IM. In all of these situations
demonstration of IgM antibody to EBV can be a
valuable diagnostic procedure, provided due care is
taken in performing the test to ensure specificity.
IgG antibody titres are not useful diagnostically
except in a small number of cases in which the pro-
duction of EBV antibody is slow and a clear sero-
conversion or rise in the IgG VCA test can be
demonstrated (Blake et al., 1976).

LATENCY AND REACTIVATION
In the normal individual, IM is always self-limiting,
but after infection EBV persists in the blood in spite
of the presence of specific cellular and humoral
immunity. The evidence for this is the ability of peri-
pheral leucocytes from seropositive adults regularly
to produce continuous cell lines in vitro, and the
observation that EBV infection may be transmitted
by blood transfusion (Gerber et al., 1969). Whether
excretion of virus in the 18% of normal adults is due
to reactivated or persistent infection is unknown,
but the increased incidence of nasopharyngeal excre-
tion by immunocompromised patients suggests that
reactivation can occur.

INFECTION IN THE IMMUNOCOMPROMISED
HOST
Such reactivated infection occurs three to 12 months
after tissue transplant, thus strengthening the
opinion that it is a result of the immunosuppressive
treatment in these patients. A high excretion rate in
leukaemia is more closely associated with the
disease process and is reduced after the onset of
remission (Chang et al., 1978).

Excretion of EBV in the renal transplant recipient
is generally asymptomatic, although changes in EBV
VCA titre have been associated with febrile episodes
(Spencer and Andersen, 1972).
Confirmed primary infections with EBV after

transplant procedures have been reported rarely,
presumably because many transplant patients have
had previous natural and asymptomatic infection.
Graft versus host disease was reported in one young
marrow transplant recipient who received a marrow
graft from a sibling in whom IM had been diagnosed
a short time before the transplant procedure. Anti-
body levels in the recipient followed a course
characteristic of primary infection, indicating a
normal response to infection by the recipient's own
cells (Sullivan et al., 1978). Fever and pneumonitis
were the predominant features of primary EBV
infection occurring in a young renal transplant
recipient (Grose et al., 1977). Thus, both as regards
symptomatology and interrelationship with tissue
antigens, EBV infection in these circumstances may
parallel the behaviour of the more familiar CMV
infection.
Primary infection with EBV in conditions of

naturally acquired immunodeficiency may result in
fatal or prolonged IM. Fatal EBV infections in
several male members of individual families have
been reported in a genetically determined combined
humoral and T cell immunodeficiency (Bar et al.,
1974; Purtilo et al., 1975, 1978). Primary EBV infec-
tion in affected males is not always immediately fatal
and may be followed later by variable expression of
B cell dysfunction or neoplasia (Purtilo et al., 1978).
When infection associated with the combined
deficiency syndrome is fatal in the acute phase, no
EBV antibody can be detected. However, fatal
infection has also been described when the appear-
ance of specific EBV antibody suggests an adequate
humoral immune response (Crawford et al., 1979).

RELATIONSHIP TO BURKITT'S LYMPHOMA
AND NASOPHARYNGEAL CARCINOMA
A depressed level of cellular immunity, possibly as a
result of malarial infection (Dalldorf et al., 1964),
has been proposed as a cofactor with EBV infection
in the production of endemic African Burkitt's
lymphoma (Fig. 7). In endemic areas, infection with
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Fig. 7 Burkitt's tymphoma. Photograph by Mr D. P.
Burkitt.

EBV occurs early in life, approximately 80% of
children having VCA antibody by the age of 2 years.
Patients with Burkitt's lymphoma have been found
to have higher levels of antibodies against a wide
range of EBV antigens than unaffected children of
the same age from the same area (Henle et al., 1971 a).
In addition, EBV nuclear and membrane antigen
(Reedman et al., 1974) and EBV DNA can be
detected in the tumours (Zur Hausen and Schulte-
Holthausen, 1970). These facts, together with the
oncogenic potential of EBV demonstrated by experi-
ments in new world primates (Shope et al., 1973),
have provided strong circumstantial evidence for
EBV playing an aetiological role in the tumour.
However, both malaria and EBV infection are almost
universal in the childhood population in the
lymphoma belt of Africa, and some other cofactor
is required to explain the low incidence of tumour.
Prospective seroepidemiological studies recently
reported (de The et al., 1978) show that unusually
high titres of antibody to VCA are present for some
time before the onset of tumour, suggesting that a
very early or very heavy virus infection is an addi-
tional risk factor in tumour development.
The evidence linking EBV with nasopharyngeal

carcinoma is very similar to that linking the virus
with Aurkitt's lymphoma, even though the two
tumours differ fundamentally in clinical, patho-
logical, and epidemiological behaviour. Naso-
pharyngeal carcinoma has a high incidence in certain
south-east Asian population groups, and genetic
factors are of special significance in the development

of the tumour (Simons et al., 1975). As in patients
with Burkitt's lymphoma, patients with naso-
pharyngeal carcinoma have higher titres ofEBV anti-
body than normal individuals or individuals with
other nasopharyngeal tumours living in the same
area (Henle et al., 1970). There are, however, two
unique features of EBV infection in nasopharyngeal
carcinoma. The tumour cells in which EBV nuclear
antigen and EBV DNA can be demonstrated are
epithelial in nature (Wolf et al., 1973). This is the
only situation in which the presence of EBV genetic
material has been confirmed in cells other than B
lymphocytes. The second unique feature of EBV
infection in patients with this tumour is the very high
level of IgA antibody to capsid antigen that can be
demonstrated in sera and saliva of these patients
both before and after the onset of tumour symptoms
(Henle and Henle, 1976; Ho et al., 1978).

Conclusions

In our introductory remarks, reference was made to
the remarkably successful parasitism of herpes-
viruses. This review of the pathogenic potential of
human herpesviruses has emphasised the importance
of immune defence mechanisms in achieving and
maintaining this balanced host-virus relationship.
Subtle deficiencies, particularly in the cellular
immune response, may alter the course of any
herpesvirus infection from a subclinical and totally
unremarkable experience to a serious, invasive, even
life-threatening condition. Keeping the herpes
hazard at bay demands from clinical pathologists
continued ingenuity and effort directed towards safe
prevention, early diagnosis, and successful treatment.
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