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ARICELLA-ZOSTER virus is an exclusive-
ly human herpesvirus that causes chickenpox
(varicella), becomes latent in cranial-nerve and
dorsal-root ganglia, and frequently reactivates decades
later to produce shingles (zoster) and postherpetic
neuralgia. In immunocompetent elderly persons or
immunocompromised patients, varicella—zoster virus
may produce disease of the central nervous system.
Since the last major review of varicella—zoster vi-
rus in the Journal? advances in molecular biology
have provided important new insights into the patho-
genesis of infection with varicella—zoster virus. The
detection of varicella—zoster virus in blood vessels
and other tissues by methods based on the polymer-
ase chain reaction (PCR) has widened the recognized
clinical spectrum of acute and chronic disorders as-
sociated with varicella—zoster virus, including latent
infections. In this article we highlight current progress
in understanding the latency of varicella—zoster virus
and review the neurologic complications of viral re-
activation, with a focus on previously underempha-
sized patterns of zoster, preherpetic and postherpetic
neuralgia, myelitis, large-vessel granulomatous arteri-
tis, and small-vessel encephalitis, all of which may oc-
cur without the rash typical of zoster (Fig. 1).

LATENCY

In latency, the condition that follows acute infec-
tion (usually manifested as chickenpox), the virus per-
sists in a noninfectious form with intermittent periods
of reactivation and shedding. Varicella—zoster virus re-
activates with increasing age or immunosuppression of
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the infected person; however, the biologic mechanisms
that underlie the transition from latency to active viral
replication are unknown. Many laboratories have made
serious efforts to determine the physical state of the
virus during latency, because understanding this state
is essential to predicting or preventing the neurologic
complications produced by reactivation of the virus.

DNA of Varicella-Zoster Virus in Human Ganglia

After it has produced chickenpox, varicella—zoster
virus becomes latent in ganglia along the entire neu-
raxis. Unlike herpes simplex virus, however, varicella—
zoster virus cannot be cultured from human gan-
glia.3 Although clinicians had long suspected that the
ganglia were the site of latency, verification came only
after latent varicella—zoster virus was detected in hu-
man trigeminal and thoracic ganglia by means of
Southern blot analysis and in situ hybridization.*6 A
PCR analysis that revealed varicella—zoster viral DNA
in trigeminal ganglia from 13 of 15 subjects and in
thoracic ganglia from 9 of 17 subjects” validated earlier
observations that the thoracic and trigeminal der-
matomes were the most common sites of reactivation.

Most, if not all, of the DNA molecule of varicella—
zoster virus is present during latency,” but the viral
burden is low. A competitive PCR assay revealed 6 to
31 copies of varicella—zoster viral DNA in 105 gan-
glionic cells.® A noncompetitive PCR assay indicated
more varicella—zoster viral DNA 19 similar to the 103
to 10° copies of latent DNA of herpes simplex virus
type 1 in 10° cells.!! The difference in the number of
varicella—zoster viral copies reported®!® may result
from the fact that different techniques were used. La-
tent varicella—zoster viral DNA is extrachromosomal
(nonintegrated), possibly in a circular or concatamer-
ic (end-to-end) configuration,! as is the DNA of la-
tent herpes simplex virus type 1.12 During latency,
RNA corresponding to varicella—zoster viral genes
21, 29, 62, and 633 and proteins corresponding to
varicella—zoster viral genes 4, 21, 29, 62, and 63 have
been detected in the cytoplasm of neurons.!415

Cell Type That Harbors Latent Varicella-Zoster Virus

Most studies indicate that neurons are the primary,
if not exclusive, site of latent virus. In situ hybridiza-
tion alone or together with PCR detected varicella—
zoster virus only in neurons initially,>¢ later in perineu-
ronal satellite cells,'6:17 and then in both neurons and
non-neuronal cells of latently infected human gan-
glia.!8 Two further studies found varicella—zoster vi-
rus predominantly in neurons.!*20 A different strategy,
in which quantitative PCR analysis was used to study
neurons and non-neuronal cells from postmortem
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Figure 1. Neurologic Complications of the Reactivation of Varicella—Zoster Virus.

The primary encounter (infection) with varicella-zoster virus usually occurs in childhood and produces
chickenpox (acute varicella). After producing chickenpox, varicella—zoster virus becomes latent in gan-
glia in virtually all people who have had chickenpox and remains present for the lifetime of the person.
The reactivation of varicella—zoster virus, usually after the patient is 50 years of age, produces the char-
acteristic dermatomal rash of shingles (zoster). Rarely, the reactivation of varicella-zoster virus can
also produce pain without rash (zoster sine herpete). In immunocompetent patients, the main compli-
cation of zoster is postherpetic neuralgia (pain that persists more than six weeks after the development
of rash). In rare instances, myelitis or large-vessel granulomatous arteritis, which produces disease of
the central nervous system, may develop in immunocompetent patients. After immunocompromised
patients have zoster, there may be more severe complications of the central nervous system in the
form of progressive small-vessel encephalitis or myelitis. Each of these complications can develop

without clinically recognized rash, although they do so infrequently.

ganglia that had been sorted according to size, re-
vealed two to five copies of varicella—zoster viral DNA
that were primarily, if not exclusively, in neurons.2!

Even though a considerable amount of information
has been acquired about the physical state of varicella—
zoster virus in latently infected ganglia, none of this
information has yet been found to be directly appli-
cable to treating human disease. A better understand-
ing of viral latency will produce testable hypotheses
designed to prevent the reactivation of varicella—zoster
virus and its neurologic complications. Millions of
children worldwide have received a live attenuated
vaccine against varicella—zoster virus. The virus in the
vaccine becomes latent and can reactivate, however.22
Thus, the widespread use of a vaccine against vari-
cella—zoster virus is not likely to result in a reduced
incidence of zoster and its attendant complications.
Therefore, trials of a vaccine to boost immunity in
middle age are already under way.23
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COMPLICATIONS IN THE PERIPHERAL
NERVOUS SYSTEM

Zoster (Shingles, Radiculoneuropathy, and Ganglionitis)

More than 300,000 cases of zoster occur annually
in the United States, mostly in elderly and immuno-
compromised patients. Varicella occurs mostly in the
spring, but zoster develops throughout the year. A pa-
tient in whom varicella develops before 1 year of age
is predisposed to zoster before 60 years of age.24
Zoster develops 8 to 10 times as frequently at or after
60 years of age as before. Thirteen percent of Amer-
icans are older than 65; this proportion is increasing,
so the rate of zoster-associated complications will also
increase. The incidence of recurrent zoster in immu-
nocompetent patients is less than 5 percent.8

Zoster is characterized by severe sharp, lancinating,
radicular pain and rash. The pain is associated with
itching and dysesthesias. In affected dermatomes, sen-
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sation is decreased, yet the skin is exquisitely sensitive
to touch (allodynia). Any level of the neuraxis can be
affected. The thorax is the most common site, fol-
lowed by the face. Facial lesions are usually present
in the ophthalmic division of the trigeminal nerve and
are frequently accompanied by keratitis, which is a po-
tential cause of blindness if not recognized and treat-
ed promptly. Patients with ophthalmic zoster need to
undergo immediate slit-lamp examination by an oph-
thalmologist, particularly if skin lesions extend to the
nose (Hutchinson’s sign).

Zoster in the maxillary and mandibular divisions of
the trigeminal nerve may be associated with osteone-
crosis and spontaneous exfoliation of teeth in adults?®
and children.26 When the seventh cranial nerve is in-
volved, there is weakness of all facial muscles on one
side, along with rash in the ipsilateral external ear
(zoster oticus) or hard palate. Vesicles in these sites are
often not looked for. Zoster oticus and peripheral fa-
cial weakness together constitute the Ramsay Hunt
syndrome. In our experience, recovery from facial
weakness or paralysis is less complete than in idio-
pathic Bell’s palsy.

Zoster may also be accompanied by ophthalmople-
gia (most commonly affecting the third cranial nerve),
optic neuritis, or both.?” Palsies of the lower cranial
nerve occur less frequently.28:2 Cranial neuropathy of-
ten occurs weeks after acute zoster has developed. Be-
cause all cranial nerves are supplied by blood from the
circulation of the carotid artery through small branch-
es that supply groups of two or three cranial nerves,
the occurrence of concurrent, contiguous cranial neu-
ropathies suggests infarction mediated by small ves-
sels. Varicella—zoster virus may spread transaxonally
along trigeminal and other ganglionic afferent fibers
from the carotid arteries®! to the vasa vasorum of
small nerves.

Cervical zoster is occasionally associated with arm
weakness3? (zoster paresis) and less often with dia-
phragmatic paralysis.33 Lumbosacral zoster can be
accompanied by leg weakness as well as bladder and
bowel dysfunction. In rare instances, zoster has de-
veloped within days to weeks after injury by light-
ning or injection of foreign material, and a case of
zoster that occurred five hours after spinal anesthesia
has been reported.3* The histologic hallmark of zoster
is inflammation and neuronal loss in ganglia that cor-
respond to the segmental distribution of rash. Intense
lymphocytic inflammation and vasculitis in nerves
cause degeneration of motor and sensory roots and
may spread into adjacent parts of the spinal cord, with
localized leptomeningitis and gray-matter necrosis of
varying degrees or demyelination.35

Treatment of Zoster

Comprehensive reviews of treatment for acute
zoster and postherpetic neuralgia have been pub-
lished,?6-3 although no protocol is universally accept-

ed. Analgesic treatment usually includes extra-strength
acetaminophen and 30 to 60 mg of codeine every
six hours when necessary; stronger narcotics should
be avoided. The administration of famciclovir (500
mg three times daily) or oral acyclovir (800 mg five
times daily) decreases the formation of new lesions
and reduces acute pain.*0#! The efficacy of antiviral
therapy, especially in immunocompetent patients who
are younger than 50 years of age, remains to be es-
tablished. In our practice, we prescribe famciclovir or
oral acyclovir for seven days if new skin lesions have
developed within the previous week. Patients with
zoster in an ophthalmic distribution should receive
antiviral drugs for at least seven days. The current
cost of a one-week treatment with generic drugs is
$28 to $75 for acyclovir and $138 to $150 for fam-
ciclovir in the doses listed above.

Postherpetic Neuralgia
Prevention

Most complications of zoster manifest as posther-
petic neuralgia, which is pain that persists more than
six weeks after the development of rash. Postherpetic
neuralgia develops slightly more frequently in women
than in men,*? and it occurs after zoster in a trigem-
inal distribution.#>4* Once postherpetic neuralgia dis-
appears, it does not recur. Age is the most important
factor in predicting its occurrence. Postherpetic neu-
ralgia does not occur before 50 years of age; there-
fore, immunocompetent young adults and children
with zoster probably do not need antiviral therapy
aimed at preventing this sequela. Postherpetic neu-
ralgia can develop in patients who are 50 or older*s;
after the age of 60, more than 40 percent of patients
with zoster will have the condition.#34> Controlled
trials of oral antiviral drugs to prevent postherpetic
neuralgia have not been shown to be effective after six
months of treatment.?® Nevertheless, acyclovir (800
mg five times daily) or famciclovir (500 mg three
times daily) is given empirically to patients with zoster
who are older than 60 years of age for 7 to 10 days
in addition to medication for pain.

Despite numerous trials, the optimal therapy for
preventing postherpetic neuralgia has not been deter-
mined. Most studies have focused on antiviral drugs,
steroids, or both. Drugs on which studies have been
undertaken include interferon alfa-n3 (in intramus-
cular injections),* acyclovir (800 mg taken orally five
times daily for 7 days),*” acyclovir (taken for 7 or 21
days, with or without prednisone, in a randomized,
double-blind trial),* amantadine hydrochloride (a do-
pamine agonist, in a well-controlled trial),*8 adenosine
monophosphate (administered parenterally in a con-
trolled study),* and either oral levodopa and benser-
azide or placebo (in a double-blind study).>* Although
these trials demonstrated some efficacy in prevent-
ing postherpetic neuralgia, they were hampered by
potentially toxic side effects (as with interferon), small
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samples, and an abnormally high incidence of post-
herpetic neuralgia in the control groups.

Steroids used to prevent postherpetic neuralgia have
included oral triamcinolone,?! prednisolone (40 mg
daily),52 and prednisolone with or without acyclovir.53
No difference between treatment groups was ob-
served. Again, small study populations and an abnor-
mally high incidence of postherpetic neuralgia in the
control groups were flaws in these trials. Further stud-
ies with larger numbers of patients are needed to as-
sess the efficacy, if any, of steroids in preventing post-
herpetic neuralgia.

Treatment

Like zoster, postherpetic neuralgia has no univer-
sally accepted treatment. Chronic pain produces in-
tense suffering and changes in lifestyle in elderly, of-
ten fragile, patients. Much effort has been expended
in the attempt to identify effective therapy. More than
40 pharmacologic, antiseptic, and surgical therapies
have been tried, with limited success; these include
aspirin, hormones, narcotics, vitamins, immunoglob-
ulins, radiotherapy, and nerve blocks or excision.3” A
review has summarized controlled trials of neuroac-
tive drugs used to treat postherpetic neuralgia. Tri-
cyclic antidepressants, such as amitriptyline or nortrip-
tyline (25 to 75 mg per day), and the anticonvulsants
carbamazepine (400 to 1200 mg daily) and pheny-
toin (300 to 400 mg daily) relieve pain in some pa-
tients. An anecdotal report described dramatic im-
provement in one patient treated with gabapentin
(300 mg three times a day).>*

Some clinicians advocate a short course of steroids
(for example, prednisone at a dose of 40 to 60 mg
daily for three to five days and sometimes longer) to
reduce inflammation that may be contributing to
pain. The subcutaneous infusion of ketamine reduced
postherpetic neuralgia but was associated with intol-
erable side effects.5® Topical aspirin in chloroform
helped relieve pain from zoster and postherpetic neu-
ralgia.’¢ The development of anesthetic agents de-
signed for topical use in postherpetic neuralgia is an
important area for future clinical research.

Mechanisms

In affected dermatomes, the threshold for provok-
ing any sensation is raised; once sensation is produced,
however, it is painful. Although the precise mecha-
nism is unknown, neuronal perturbation by virus may
be involved in the pathogenesis of pain. Microscop-
ical studies of ganglia from two patients with post-
herpetic neuralgia revealed inflammatory infiltrates,
often around dying neurons, one to two years after
the development of acute zoster.575¢ Further patho-
logical and virologic analysis of ganglia obtained at
autopsy from patients with postherpetic neuralgia is
needed. The level of productive viral infection in gan-
glia during postherpetic neuralgia is unknown. Nor-
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Figure 2. Latent and Reactivated Varicella—Zoster Virus.

Shown are latent virus in a dorsal-root ganglion (white fusiform
swelling) adjacent to the spinal cord and reactivated virus in a
nearby dorsal-root ganglion (orange fusiform swelling) with
transaxonal spread to the skin, causing acute vesicular erythema-
tous zoster rash.

mally, after the resolution of acute zoster, varicella—
zoster virus returns to the latent state. In immuno-
competent patients with zoster who do not have post-
herpetic neuralgia, varicella—zoster viral DNA can be
detected in blood up to six weeks after the develop-
ment of rash, coinciding with the period of pain.>
The detection of virus in mononuclear cells in blood
may reflect the viral burden in ganglia. In patients with
postherpetic neuralgia, varicella—zoster virus may per-
sist in ganglia at a greater level than during latency.

Supporting this concept is the detection of vari-
cella—zoster viral DNA in mononuclear cells of some
patients with postherpetic neuralgia but not in mono-
nuclear cells of patients with zoster who do not have
postherpetic neuralgia or in elderly patients with no
history of zoster.5 Mononuclear cells moving through
the ganglia of patients with postherpetic neuralgia
may encounter and engulf viruses whose DNA can
be amplified (Fig. 2). If the viral burden were shown
to be greater in ganglia from patients who had post-
herpetic neuralgia before they died than in latently
infected ganglia from patients with zoster who did
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not have postherpetic neuralgia,® there would be a
rationale for the aggressive treatment of postherpetic
neuralgia with antiviral agents.

COMPLICATIONS IN THE CENTRAL
NERVOUS SYSTEM

After varicella or zoster develops, varicella—zoster
virus usually remains within ganglia. Sometimes, after
reactivation in either immunocompetent or, especial-
ly, immunocompromised patients, the virus spreads
to the spinal cord and brain. Severely immunocom-
promised patients have the most severe complications
of reactivation, the greatest depth of tissue penetra-
tion, and the greatest amounts of recoverable virus.

Myelitis

In immunocompetent patients, myelitis may com-
plicate acute varicella or zoster, usually one to two
weeks after the development of rash. Its clinical fea-
tures are paraparesis with a sensory-level and sphinc-
ter impairment. The cerebrospinal fluid either is nor-
mal or shows mild pleocytosis with a normal protein
level or a mild elevation. T,-weighted magnetic res-
onance imaging reveals hyperintense lesions, some-
times with focal swelling of the spinal cord. The con-
dition of most patients improves substantially, but
some patients have persistent stiftness and weakness
of the legs. Because most immunocompetent patients
survive, the pathology of this form of transverse my-
elitis is unknown. Further virologic and immunologic
verification is needed; varicella—zoster virus cannot
be cultured from cerebrospinal fluid, although PCR
has revealed varicella—zoster viral DNA in cerebro-
spinal fluid.

In immunocompromised patients, myelopathy is
often more insidious and progressive, and it is some-
times fatal. Magnetic resonance imaging of the spi-
nal cord shows focal (Fig. 3) or longitudinal serpig-
inous enhancing lesions.6! On autopsy, spinal cord
necrosis and intense inflammation with parenchymal
invasion by varicella—zoster virus have been found.
Long-term use of low-dose steroids may cause a pre-
disposition to myelitis and encephalitis caused by var-
icella—zoster virus.62-¢4

Myelitis due to varicella—zoster virus was formerly
diagnosed through its close temporal relation to rash.
The recent detection of varicella—zoster viral DNA
or antibody to varicella—zoster virus in cerebrospinal
fluid indicated that acute, and even recurrent, mye-
lopathy can develop without rash.s! We reported a
case in which myelopathy developed in a patient five
months after zoster, at which time amplifiable vari-
cella—zoster viral DNA was detected in cerebrospinal
fluid. Myelopathy developed in another patient while
acute zoster was present; the myelopathy resolved
but recurred six months later. Five months after re-
currence, the patient’s cerebrospinal fluid contained
both varicella—zoster viral DNA and antibody to var-

Figure 3. Magnetic Resonance Image of the Spinal Cord Show-
ing Myelitis Caused by Varicella—Zoster Virus in an Immuno-
competent Patient.

Paraplegia occurred shortly after the development of zoster
rash. A gadolinium-enhanced lesion (arrow) can be seen in the
thoracic spinal cord.

icella—zoster virus.6! Overall, the severity of myelop-
athy from varicella—zoster virus ranges from acute to
chronic, and the condition rarely recurs. An early
search for varicella—zoster viral DNA or antibody in
cerebrospinal fluid is essential for diagnosis, particular-
ly because aggressive treatment with acyclovir, even
in patients with the acquired immunodeficiency syn-
drome (AIDS), may produce a favorable response.5

Encephalitis and Arteritis

Older literature described an uncommon, severe,
and sometimes fatal encephalitis or encephalopathy
associated with chickenpox or zoster in immuno-
competent hosts. Most cases of encephalopathy in
children after the development of chickenpox result-
ed from Reye’s syndrome or from perivenous inflam-
mation and demyelination (encephalomyelitis).66:67
Encephalomyelitis was a postinfection complication
that also occurred after other childhood viral exan-
thems.s® In adults with zoster encephalitis, the virus
was usually not found in the brain (as indicated by
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inclusions or ultrastructure) unless some degree of
immunosuppression, cancer, or steroid use was also
present.®?

The greatest contribution of modern diagnostic
methods to our understanding of the pathogenesis
of the various neurologic disorders produced by var-
icella—zoster virus has been the detection of the vi-
rus in large and small blood vessels of the nervous
system. PCR, in situ hybridization, and immunohis-
tochemical analyses have verified the extent to which
viral infection of blood vessels causes widely variable
clinical syndromes. Encephalitis from varicella—zoster
virus is now recognized to be a vasculopathy that af-
fects large or small vessels. Large-vessel arterial dis-
ease (granulomatous arteritis) occurs predominantly
in immunocompetent patients, and encephalitis me-
diated by small vessels is found virtually exclusively
in immunodeficient patients.

Large-Vessel Encephalitis (Granulomatous Arteritis)

Large-vessel encephalitis is characterized by acute
focal deficit (stroke) that develops weeks or months
after zoster of contralateral trigeminal distribution.
A single report describes virologically confirmed large-
vessel vasculopathy due to varicella—zoster virus with-
out previous zoster.”® Stroke results from bland”! or,
less commonly, hemorrhagic? infarction due to large-
vessel arteritis. Disease is uncommon but not rare.
Most patients are older than 60 years of age, and
there is no predilection according to sex. The mean
time of onset of neurologic disease is seven weeks af-
ter the development of zoster, but intervals of up to
six months have been recorded. Transient ischemic
attacks and mental symptoms are common, and up
to 25 percent of patients die.”?

Most patients with granulomatous arteritis have
pleocytosis (usually less than 100 cells per cubic milli-
meter, predominantly mononuclear cells), oligoclonal
bands, and increased IgG in cerebrospinal fluid. An-
giography reveals focal constriction and segmental
narrowing (Fig. 4), primarily in middle and anterior
cerebral arteries and internal carotid arteries. Micro-
scopical examination reveals arterial inflammation with
multinucleated giant cells, varicella—zoster virus an-
tigen, Cowdry A inclusions, and herpesvirus parti-
cles. Most recently, PCR detected varicella—zoster vi-
ral DNA in affected large cerebral arteries.”

Other arteries may be involved in large-vessel gran-
ulomatous arteritis. Ipsilateral occlusion of the cen-
tral retinal artery occurs after zoster with a trigeminal
distribution.” Involvement of the posterior circula-
tion and brain-stem infarction develop after rash be-
hind the ear”¢ or on the neck,”” and thalamic infarc-
tion occurs after rash on the tongue.”® There is a single
report of contralateral hemiplegia after zoster of tho-
racic distribution.” Afferent trigeminal ganglionic fi-
bers innervating both intracranial and extracranial
arteries3! provide a pathway for viral spread. Because
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Figure 4. Cerebral Arteriogram Showing Granulomatous Arteri-
tis in a Patient in Whom Stroke Developed in Association with
Zoster Rash.

Shown are occlusion of the left anterior cerebral artery (open
arrow) and focal narrowing of the proximal left middle cerebral
artery (solid arrow).

the occurrence of this condition is uncommon, con-
trolled treatment trials have not been possible. Be-
cause the virus is present in arteries and is sometimes
associated with inflammation, we recommend that pa-
tients receive acyclovir intravenously (10 to 15 mg per
kilogram of body weight, three times daily for 7 to
10 days) to kill persistent virus and that they receive a
short course of a steroid (60 to 80 mg of prednisone
daily for 3 to 5 days) for its antiinflammatory effect.

Small-Vessel Encephalitis

With the current increase in the number of pa-
tients with AIDS or immunosuppression due to trans-
plantation or cancer,8° small-vessel encephalitis has
become the most common complication of zoster that
involves the central nervous system. The typical pa-
tient has had zoster weeks to months earlier, or even
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Figure 5. Magnetic Resonance Image of the Brain of a Patient
with Varicella-Zoster Viral Encephalitis, or Small-Vessel Vascu-
lopathy.

Shown are multifocal areas of infarction: a superficial wedge-
shaped lesion (long solid arrow), deep ovoid lesions in white
matter (open arrows), and smaller lesions at junctions of gray
and white matter (short solid arrows).

recurrent zoster, followed by chronic progressive en-
cephalitis.8! Small-vessel disease develops more fre-
quently without antecedent rash than does large-vessel
disease. Neurologic disease (manifested by hemiple-
gia, aphasia, and visual-field deficits) is subacute, and
death commonly occurs.

Its clinical features include headache, fever, vomit-
ing, mental changes, seizures, and focal deficit. Mag-
netic resonance imaging of the brain reveals large and
small ischemic or hemorrhagic infarcts, often both, of
cortical and subcortical gray and white matter (Fig. 5).
Deep-seated lesions in white matter, which are ische-
mic or demyelinative, often predominate. Demyelin-
ating lesions in small-vessel encephalitis are smaller and
less coalescent than those in progressive multifocal leu-
koencephalopathy.82-84 There is usually mild mononu-
clear pleocytosis, a normal or elevated level of protein,
and a normal level of glucose in cerebrospinal fluid.

Two reports describe hypoglycorrhachia in zoster
meningoencephalitis.$586 In suspected cases of small-
vessel encephalitis due to zoster, the cerebrospinal flu-
id should be studied for both varicella—zoster viral
DNA (Fig. 6) and varicella—zoster virus antibody. The
presence of either or both in cerebrospinal fluid in
the typical clinical setting is strong presumptive ev-
idence of small-vessel encephalitis due to varicella—
zoster virus.8” Diagnosis may be particularly difficult
in patients without rash when the clinician is un-
aware of a history of zoster followed by the typical
clinical features and multifocal lesions seen on mag-
netic resonance imaging of the brain.81:88 Because dis-
ease occurs infrequently and is life-threatening, no
controlled treatment trials have been conducted. We
recommend empirical treatment with acyclovir (15
to 30 mg per kilogram per day) for 10 days (or long-
er in severely immunocompromised patients).

Ventriculitis and Meningitis

We have encountered unusual presentations of en-
cephalitis in immunocompromised patients in whom
varicella—zoster virus infected predominantly the
ependyma or meninges.8 A gait disorder and hydro-
cephalus with periventricular enhancing lesions de-
veloped in some patients. Necrotizing ventriculitis
with preferential varicella—zoster viral infection of
ependymal cells was found on autopsy. Other cases
of encephalitis presented as meningoencephalitis in
patients positive for the human immunodeficiency
virus (HIV), with thousands of cells and grams of
protein in the cerebrospinal fluid, enhancing menin-
geal lesions on magnetic resonance imaging (Fig. 7),
and histopathological evidence of necrotizing vascu-
litis affecting primarily meninges. Either the brain or
the spinal cord®° may bear the brunt of disease.

ZOSTER SINE HERPETE

The notion of zoster sine herpete is attributable to
Lewis,®! who described patients with zoster who had
dermatomal-distribution pain in areas distinct from
the rash of zoster. Zoster sine herpete is currently
defined as dermatomal-distribution pain without an-
tecedent rash. Before PCR, verification was limited
to serologic testing. The first documented case was
in a physician who had acute pain of trigeminal dis-
tribution without rash, which was associated with a
quadrupling of antibody to varicella—zoster virus but
not antibody to herpes simplex virus.®2 The diagno-
sis was confirmed only after PCR analysis of the DNA
of two men without rash who had had prolonged
radicular pain of thoracic distribution. Amplifiable var-
icella—zoster viral DNA, but not herpes simplex virus
DNA, was found in cerebrospinal fluid and blood
mononuclear cells.”® Both were treated successfully
with intravenous acyclovir.

In a third virologically confirmed case, electro-
myography demonstrated frequent fibrillation poten-
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Figure 6. Varicella—Zoster Viral DNA as Shown by the Polymer-
ase Chain Reaction in a Patient with Small-Vessel Encephalitis.

DNA was extracted from the cerebrospinal fluid of an immuno-
compromised patient with small-vessel vasculopathy due to
varicella-zoster virus. Shown is amplifiable varicella-zoster vi-
ral DNA (indicated by the three adjacent small, dark horizontal
bands) after hybridization with radioactively labeled oligonucle-
otides specific to varicella—zoster virus (VZV). Similar amplifi-
cation and hybridization of the same cerebrospinal fluid DNA
with oligonucleotides specific to herpes simplex virus (HSV)
and cytomegalovirus (CMV) did not produce a signal. Positive
controls were DNA from cells infected with varicella—zoster virus,
herpes simplex virus, and cytomegalovirus that were amplified
and hybridized (infected-cell DNA) to virus-specific probes (large
dark bands at right). Negative controls were DNA from the un-
infected BSC-1 line of African-green-monkey kidney cells (BSC-1
DNA) and samples without DNA.
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Figure 7. Magnetic Resonance Image of the Brain of a Patient
with Meningoencephalitis Due to Varicella—Zoster Virus.

This fatal complication occurred in a 54-year-old man with hu-
man immunodeficiency virus infection in whom headache, con-
fusion, and profound pleocytosis developed. On the gadolinium-
enhanced magnetic resonance image of the brain, an intense
signal can be seen in the meninges between the cerebrum and
cerebellum, as well as in the meninges over the convexities (ar-
row). Acute meningoencephalitis and necrotizing vasculitis were
found on autopsy.8®

tials restricted to chronically painful thoracic roots.%*
The patient’s condition did not improve after treat-
ment with intravenous acyclovir and oral famciclovir.
The prevalence of zoster sine herpete cannot be de-
termined until virologic analysis is performed in more
patients with prolonged radicular pain. Analysis should
include both PCR, to amplify varicella—zoster viral
DNA in cerebrospinal fluid and blood mononuclear
cells, and testing for antibodies to varicella—zoster
virus in cerebrospinal fluid.

PREHERPETIC NEURALGIA

The existence of ganglionitis without rash is evi-
denced by the presence of radicular pain preceding
zoster, termed preherpetic neuralgia. There is a single
report of six patients with preherpetic neuralgia. Pain
preceded the rash by 7 to 100 days and was severe,
burning, radicular, and located in dermatomes outside,
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as well as in, the area of eventual rash.63 Two patients
ultimately had disseminated zoster that was compli-
cated by zoster paresis and fatal encephalitis; both pa-
tients had had long-term treatment with low-dose
steroids. A third case of preherpetic neuralgia devel-
oped in a patient with prior metastatic carcinoma, and
a fourth developed in a patient with an earlier episode
of brachial neuritis. Two other patients with preher-
petic neuralgia had no underlying disease. Further
documentation of preherpetic neuralgia will determine
whether its apparent association with steroid therapy
and serious complications is statistically significant.

OTHER VARICELLA-ZOSTER VIRAL
INFECTIONS WITHOUT RASH

Aseptic meningitis due to varicella—zoster virus and
acute meningoencephalitis due to varicella—zoster vi-
rus without rash have been verified by the detection
of antibodies to varicella—zoster virus synthesized
intrathecally.®> Two instances of cranial polyneuritis
produced by varicella—zoster virus in apparently im-
munocompetent men were documented by their sero-
conversion to varicella—zoster virus but not to mul-
tiple other human viruses.?%7 Some cases of acute
unilateral facial paralysis (Bell’s palsy) that developed
without rash were attributed to varicella—zoster virus
(termed geniculate zoster sine herpete) on the basis
of seroconversion®®; unfortunately, the serum sam-
ples were not tested for antibodies to other human
herpesviruses.

The most extreme example of varicella—zoster vi-
rus infection of the nervous system without rash was
in an immunocompromised man in whom meningo-
radiculitis developed; he died three weeks after the
onset of neurologic disease.® At autopsy, hemorrhagic
inflammatory lesions with Cowdry A inclusions were
found in meninges and nerve roots that extended from
cranial-nerve roots to the cauda equina. Varicella—
zoster virus (but not herpes simplex virus or cytomeg-
alovirus) antigen and nucleic acid were detected in
all infected tissue.

DIAGNOSIS OF NEUROLOGIC
DISORDERS PRODUCED BY
VARICELLA-ZOSTER VIRUS

PCR analysis and antibody testing of cerebrospi-
nal fluid to confirm the role of varicella—zoster virus
in producing the many varied clinical disorders af-
fecting the peripheral and central nervous system are
widely available and should be used, particularly be-
cause effective antiviral therapy exists. In the appro-
priate clinical setting (i.e., in patients with acute or
subacute spinal cord disease, acute or chronic pro-
gressive encephalitis, or chronic radicular pain with
or without rash), the presence of varicella—zoster vi-
ral DNA, antibodies to varicella—zoster virus, or both
in cerebrospinal fluid is strong presumptive evidence
of infection. Even the detection of antibodies in cere-

brospinal fluid without the amplification of varicel-
la—zoster viral DNA by PCR supports the diagnosis
of infection of the nervous system.?” Analysis of se-
rum for antibodies is of no value, because antibodies
to varicella—zoster virus persist in serum in nearly all
adults.100

Unlike other acute viral encephalitides in which vi-
rus is detectable in cerebrospinal fluid early in dis-
case and an antibody response appears days or weeks
later, varicella—zoster viral infection of the nervous
system is often protracted, especially in immunocom-
promised patients. Because it is impossible to predict
from clinical information whether cerebrospinal flu-
id will contain viral DNA or antibody, both PCR and
antibody analysis should be performed. Used togeth-
er, these tests have confirmed the diagnosis of myelitis
due to varicella—zoster virus,®! large- or small-vessel
encephalitis,3* and zoster sine herpete.?? The finding
of varicella—zoster viral DNA in the cerebrospinal
fluid of children with postvaricella cerebellitis is im-
portant, because cerebellar ataxia after chickenpox,
previously thought to be immune-mediated, may be
due to viral infection.

CONCLUSIONS

A variety of disorders of the central and peripheral
nervous systems are caused by varicella—zoster virus.
Modern virologic techniques have greatly increased
our understanding of latency and have helped to clar-
ity the neurologic spectrum of disease, reflecting the
many cell types that the virus can infect.
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