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Opinion statement

Varicella zoster virus (VZV) is an exclusively human neurotropic alphaherpesvirus.
Primary infection causes varicella (chickenpox), after which virus becomes latent
in ganglionic neurons along the entire neuraxis. With advancing age or immuno-
suppression, cell-mediated immunity to VZV declines and virus reactivates to cause
zoster (shingles), which can occur anywhere on the body. Skin lesions resolve
within 1–2 weeks, while complete cessation of pain usually takes 4–6 weeks. Zos-
ter can be followed by chronic pain (postherpetic neuralgia), cranial nerve palsies,
zoster paresis, meningoencephalitis, cerebellitis, myelopathy, multiple ocular dis-
orders and vasculopathy that can mimic giant cell arteritis. All of the neurological
and ocular disorders listed above may also develop without rash. Diagnosis of
VZV-induced neurological disease may require examination of cerebrospinal fluid
(CSF), serum and/ or ocular fluids. In the absence of rash in a patient with neu-
rological disease potentially due to VZV, CSF should be examined for VZV DNA by
PCR and for anti-VZV IgG and IgM. Detection of VZV IgG antibody in CSF is supe-
rior to detection of VZV DNA in CSF to diagnose vasculopathy, recurrent myelop-
athy, and brainstem encephalitis. Oral antiviral drugs speed healing of rash and
shorten acute pain. Immunocompromised patients require intravenous acyclovir.
First-line treatments for post-herpetic neuralgia include tricyclic antidepressants,
gabapentin, pregabalin, and topical lidocaine patches. VZV vasculopathy, menin-
goencephalitis, and myelitis are all treated with intravenous acyclovir.

Introduction
Varicella zoster virus (VZV) is an exclusively human neu-
rotropic alphaherpesvirus. Primary infection causes var-

icella (chickenpox), after which virus becomes latent in
ganglionic neurons along the entire neuraxis. With ad-



vancing age or immunosuppression, cell-mediated im-
munity toVZVdeclines and virus reactivates to cause her-
pes zoster (shingles) which is often complicated by
chronic pain (postherpetic neuralgia), cranial nerve

palsies, zoster paresis, vasculopathy, meningoencephali-
tis, cerebellitis, myelopathy and multiple ocular disor-
ders (Fig 1). VZV reactivation also produces chronic
radicular pain without rash (zoster sine herpete).

Neurological complications of VZV reactivation
Herpes zoster

Herpes zoster is the most common manifestation of VZV reactivation.
Zoster is characterized by a vesicular eruption on an erythematous base
in one to three dermatomes, accompanied by severe, lancinating radicu-
lar pain; itching and unpleasant sensations (dysesthesias) produced by
touch (allodynia), as well as decreased sensation in the affected area.
Rash and pain usually develop within a few days of each other, although
pain can precede rash by weeks to months [1]. After reactivation from
cranial nerve, dorsal root or autonomic ganglia, VZV can travel peripher-
ally to the corresponding dermatome; thus, zoster can affect any level of
the neuraxis. The thoracic region is most commonly affected (9 50 %),
followed by the face, cervical and lumbosacral regions.

The annual rate of zoster in the U.S. is 3.2 per 1,000 person-years [2].
Zoster most frequently occurs in the elderly [3] as cell-mediated immu-
nity to VZV declines. Other groups at risk for zoster are patients taking
immunosuppressive drugs (such as cancer patients, organ transplant re-
cipients, and patients with autoimmune diseases and AIDS) [4]. Zoster
in an otherwise healthy young person may be the first manifestation of HIV

Fig. 1. Neurological complications of VZV reactivation. Neurological complications of VZV reactivation (Reproduced from Gilden
et al. [106]; copyright 2011, John Wiley & Sons; with permission).
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infection [5, 6]. Varicella in infancy also predisposes to zoster in early adulthood
[7].

Zoster with cranial nerve involvement
In conjunction with dermatological manifestations of VZV reactivation, VZV
can reactivate from one or more cranial nerve ganglia to cause disease. Zoster
may be followed by optic neuritis [8, 9] or ophthalmoplegia [9]. Herpes zos-
ter ophthalmicus (HZO) is often accompanied by keratitis, which can lead to
blindness. Patients with HZO and visual symptoms should have an immedi-
ate slit-lamp examination by an ophthalmologist, particularly if skin lesions
extend to the nose (Hutchinson sign). Involvement of the maxillary and
mandibular distribution of the trigeminal nerve can produce osteonecrosis
and spontaneous tooth exfoliation [10].

Involvement of the geniculate ganglion (cranial nerve VII) causes
weakness or paralysis of ipsilateral facial muscles. The combination of fa-
cial palsy and vesicles in the external auditory canal or on the tympanic
membrane (zoster oticus) or on the ipsilateral anterior two-thirds of the
tongue or hard palate [11] constitutes the Ramsay Hunt syndrome
(RHS), which is often associated with tinnitus, hearing loss, nausea,
vomiting, vertigo and nystagmus, indicating involvement of cranial nerve
VIII within the bony facial canal. Facial paralysis in RHS is often more severe
than in Bell’s palsy, and patients are less likely to recover completely [12].
Zoster can also followed by involvement of cranial nerves IX, X, XI and XII
[13, 14].

Cranial neuropathies frequently occur weeks after zoster, raising the pos-
sibility that disease is due to micro-infarction of cranial nerves. Virus particles
can potentially spread transaxonally along trigeminal and other ganglionic
afferent fibers to cause occlusion of small vessels supplying cranial nerves
in the same manner that produces VZV vasculopathy in larger arteries (see
VZV vasculopathy below). The blood supply of cranial nerves III, IV, V1

and VI comes from the internal carotid circulation, while V2, V3 and VII,
IX, X, XI and XII are supplied by the external carotid circulation [15]. It is im-
portant to recognize that multiple forms of trigeminal-distribution [16, 17]
and facial-distribution [18] zoster, as well as polyneuritis cranialis due to
VZV [19, 20], may occur in the absence of rash.

Zoster paresis
VZV reactivation from ganglia in the cervical, thoracic or lumbosacral re-
gion can also cause weakness (zoster paresis).Arm weakness or diaphrag-
matic paralysis [21, 22] occurs after cervical distribution zoster,
abdominal muscle weakness and hernia after thoracic distribution zoster
[23, 24], leg weakness after lumbar or sacral distribution zoster and uri-
nary retention after sacral distribution zoster [25, 26]. Magnetic resonance
imaging (MRI) of patients with zoster paresis reveals involvement of both
anterior and posterior roots at the spinal level that correspond to the pa-
tient’s clinical deficit [27]. Rarely, clinical deficit in cervical zoster paresis
extends to the brachial plexus, confirmed by both electrodiagnostic test-
ing and MRI [28]. In 45 patients with zoster paresis, 67 % had near-com-
plete recovery [29], and in another 61 cases, 55 % had complete
functional recovery [30].
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Pathology
The cardinal pathological features of zoster are characterized by inflammation
and hemorrhagic necrosis with associated neuritis, localized leptomeningitis,
unilateral segmental poliomyelitis and degeneration of related motor and sen-
sory roots [31, 32]. Demyelination is seen in areas with mononuclear cell
(MNC) infiltration and microglial proliferation. Intranuclear inclusions, viral
antigen and herpesvirus particles have been found in acutely infected ganglia
[33–35].

Treatment
Antiviral drugs, such as oral valacyclovir (1 gm three times daily for 7–10
days) or acyclovir (800 mg 5 times daily for 7–10 days) speed healing of rash
and shorten the duration of acute pain. Immunocompromised patients re-
quire intravenous acyclovir (10–15 mg/kg every 8 hours for 10–14 days). Be-
cause zoster pain may be associated with inflammation, many clinicians
administer a short course of corticosteroids, e.g., oral prednisone, 1 mg/kg
for 5–7 days, in addition to antiviral therapy.

Postherpetic neuralgia (PHN)
The most common neurological complication of zoster is PHN, defined as
dermatomal-distribution pain that persists for more than 3 months after zos-
ter. Age is the most important factor in predicting the development of PHN.
More than 40 % of zoster patients 9 60 years of age experience chronic pain.
Except for its longevity, the pain of PHN and associated allodynia are the
same as in zoster. The incidence of PHN is slightly greater in women [36]
and after trigeminal distribution zoster [36–38].

The cause and pathogenesis of PHN are unknown. Two non-mutually ex-
clusive theories are that: (1) excitability of ganglionic or even spinal cord
neurons is altered; and (2) persistent productive virus infection exists in
ganglia. Analysis of ganglia from an early case of PHN of 2.5 months’ dura-
tion revealed diffuse and focal infiltration by chronic inflammatory cells
[39], an observation confirmed by Watson et al. [40] who found prominent
collections of lymphocytes in ganglia from a patient with PHN of 2 years’ du-
ration. The inflammatory response in ganglia of these subjects raised the pos-
sibility of prolonged viral infection. Further evidence that PHN may be
produced by low-level ganglionitis has come from the detection of VZV
DNA and proteins in blood MNCs of many patients with PHN [41–43]
and from the favorable response of some PHN patients to antiviral treatment
[4, 44].

PHN is difficult to manage and no universal treatment exists. First-line
therapies include tricyclic antidepressants (TCAs), gabapentin and
pregabalin, and topical lidocaine patches. Opioids, tramadol, capsaicin
cream and the capsaicin 8 % patch are recommended as second-line or
third-line therapies. TCAs such as amitriptyline are usually started at a dose
of 10–25 mg orally at bedtime, with a maximum dose of 150–200 mg/day.
Secondary amine TCAs, such as nortriptyline and despramine, can also be
used due to a superior safety profile compared to the tertiary amine
amitryptyline [45]. The calcium channel alpha (2)-delta ligands gabapentin
and pregabalin are also used, with pregabalin providing equivalent efficacy
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to that of gabapentin, but at much lower doses due to its higher bioavailabil-
ity and rapid absorption. Pregabalin is given at 75–150 mg orally twice daily
or 50–100 mg orally three times daily (150–300 mg/day). If minimal relief is
obtained at 300 mg daily for 2 weeks, the dose can be increased to a maxi-
mum of 600 mg/day in two or three divided doses. Opioids such as extend-
ed-release oxycodone, morphine and methadone have shown efficacy in
patients with PHN. Tramadol is better tolerated but less effective than these
stronger opioids. The lidocaine 5 % patch has significant analgesic efficacy in
patients with PHN [46]. Capsaicin 0.075 % cream is sometimes prescribed,
but the American Academy of Neurology (AAN) guidelines state that the an-
algesia provided is below the threshold for a clinically important effect [47].
The new capsaicin 8 % patch [48, 49], which delivers a high concentration of
capsaicin in a single 60-minute application after application of local anes-
thetic, is promising for the treatment of PHN, but its use awaits long-term
safety data. Combination therapy such as gabapentin and nortriptyline
[50], morphine and gabapentin [51] or pregabalin and the lidocaine 5 %
patch [52] may provide greater analgesic effects.

In patients who are refractory to non-invasive pharmacological inter-
vention, botulinum toxin has successfully decreased PHN in several cases
[53–55]. Epidural injection of steroids produced modest effects, but re-
lief was short-lived [56]. Spinal cord stimulation has limited short-term
success [57].

A newer potentially promising treatment for PHN is percutaneous periph-
eral nerve field stimulation. Rare reports indicate its effectiveness for refrac-
tory PHN. Subjects became pain-free with minimal to no medication
needed after ophthalmic-distribution [58], cervical-distribution [59] and
thoracic-distribution [60, 61] PHN.

VZV vasculopathy
After VZV reactivation from ganglia, virus can also travel centrally to infect
cerebral arteries and cause ischemic and hemorrhagic stroke (VZV
vasculopathy). The exact incidence of VZV vasculopathy is unknown, al-
though it is a significant stroke risk factor. In adults with zoster, the risk of
stroke is increased by 30 % within the following year [62] and by 4.5-fold
when zoster is in the ophthalmic distribution of the trigeminal nerve [63].
Furthermore, up to one-third of pediatric ischemic arteriopathies are associ-
ated with varicella [64]. VZV vasculopathy affects both immunocompro-
mised and immunocompetent individuals and can present as headache,
mental status changes and focal neurological deficits. In a study of 30 viro-
logically verified cases of VZV vasculopathy [65], lesions at grey-white matter
junctions were frequently seen on MRI (Fig. 2A), and magnetic resonance an-
giography (MRA) revealed focal arterial stenosis and occlusion in more than
two-thirds of patients. Both large and small arteries were involved in 50 %
patients, small arteries in 37 %, and large arteries alone in only 13 % in
the 30 subjects. Importantly: (1) up to one-third of patients did not have pre-
ceding zoster rash; (2) up to one-third did not have a cerebrospinal fluid
(CSF) pleocytosis; (3) detection of anti-VZV IgG antibody was superior to de-
tection of VZV DNA in CSF for diagnosis; and (4) symptoms and signs often
occurred months after zoster [65].
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Infarctions are mostly bland, but can also be hemorrhagic. Deep white-
matter lesions often predominate and are ischemic or demyelinative,
depending on the size of blood vessels involved. Infected cerebral arteries
contain multinucleated giant cells, Cowdry A inclusion bodies, herpesvirus
particles detected by electron microscopy, as well as VZV DNA and VZV an-
tigen (Fig. 3). An analysis of 63 arteries from 45 normal subjects revealed no
VZV DNA or VZV antigen, thus supporting the significance of VZV in arteries
of stroke patients [66]. A variety of vascular pathology has been reported,
ranging from neointimal proliferation to necrosis with and without inflam-
mation [67]. A recent study that examined the histological and immunohis-
tochemical features of VZV-infected cerebral arteries from subjects with VZV
vasculopathy revealed several distinct features: (1) the presence of VZV anti-
gen in the arterial adventitia from early VZV vasculopathy and in the media
and intima of protracted cases of VZV vasculopathy, supporting the notion of
virus persistence in the artery and spread from the “outside-in”; (2) a thick-
ened arterial intima composed of myofibroblasts and cells, most likely of
medial smooth muscle origin; (3) a disrupted internal elastic lamina; and
(4) a disrupted medial layer with a significant loss of normal smooth muscle
cells [68•]. The morphological changes help to explain why there is arterial
occlusion and loss of vascular contractility, contributing to stroke. A fol-
low-up study revealed that in VZV-infected arteries: (1) inflammatory cells,
predominantly composed of T cells and macrophages, are present in adven-

Fig. 2. MRI scans of patients with varicella zoster virus (VZV) multifocal vasculopathy and myelopathy. (A) Proton-density
brain MRI scan shows multiple areas of infarction in both hemispheres, particularly involving white matter. Arrows point to
gray-white matter junction lesions. (Reproduced from Gilden et al. [107]; copyright 2002, Springer; with permission.) (B) Note
cervical, longitudinal, serpiginous enhancing lesions (arrows). (Reproduced from Gilden et al. [81]; copyright 1994, Wolters
Kluwer Health; with permission).
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titia and intima; (2) neutrophils are present in adventitia in early but not late
VZV vasculopathy; and (3) adventitial inflammation was associated with an
overlying thickened intima [69•], supporting previous reports that inflam-
mation contributes to vascular remodeling, as seen in models of coronary
and pulmonary vascular disease.

After zoster, the increased risk of stroke from intracranial artery involve-
ment rather than coronary, pulmonary or other systemic vascular complica-
tions most likely reflects inherent differences in the cellular and structural
composition of intracranial versus systemic arteries. For example, intracranial
cerebral arteries, unlike systemic arteries, contain neither an external elastic
lamina that may affect transmural migration of virus and cells nor a vaso
vasorum in the adventitia above the level of the medulla unless pathological
angiogenesis occurs [70]. Like horseradish peroxidase, which travels along

Fig. 3. Pathological and virological findings in arteries of patients who died from varicella zoster virus (VZV) vasculopathy. (A)
Cerebral artery with multinucleated giant cells (arrow). (B) Multiple herpes virions within a cerebral artery. (Panels A and Bare
reproduced from Gilden et al. [108]; copyright 2009, The Lancet Neurology/Elsevier; with permission.) (C) VZV DNA in the
posterior cerebral artery (lane 3) and basilar artery (lane 5). (D) VZV antigen (red) in the media of a cerebral artery. (Panels C
and D reproduced from Gilden et al. [109]; copyright 1996, Wolters Kluwer Health; with permission.) CMV = cytomegalovirus;
HSV = herpes zoster virus-1; VZV = varicella zoster virus.
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trigeminal ganglionic afferent fibers to trigeminal ganglia after application to
the external surface of cerebral arteries [71, 72], reactivated VZV in ganglia
may also travel along ganglionic afferent fibers to the adventitia of cerebral
arteries, a notion consisted with the presence of viral antigen predominantly
in the adventitia of cerebral arteries in early VZV vasculopathy [73] and in the
media and intima of protracted cases [69•].

Multifocal VZV vasculopathy with temporal artery infection
We have identified multifocal VZV vasculopathy in three patients with clin-
ical and laboratory features mimicking giant cell arteritis (GCA). The first pa-
tient was an 80-year-old man with left ophthalmic-distribution zoster who
developed painless left-sided loss of vision with an elevated ESR and CRP;
he was diagnosed with possible GCA and underwent temporal artery biopsy
while being treated with steroids without improvement of vision. Biopsy was
GCA negative. Virological analysis revealed VZV antigen in his temporal ar-
tery, after which he was treated with intravenous acyclovir and his vision im-
proved [73]. A second even more remarkable case was a 75-year-old woman
without a history of zoster, who developed left periorbital pain and loss of
vision with an elevated ESR and normal CRP; she was treated with steroids
for presumed GCA and vision worsened; temporal artery biopsy revealed
VZV antigen, and CSF analysis revealed the presence of anti-VZV IgG anti-
body with reduced serum/CSF ratios of anti-VZV IgG antibody compared
to ratios for albumin and total IgG, indicative of intrathecal synthesis of an-
ti-VZV IgG antibody; vision improved after antiviral treatment [74]. A third
case was a 54-year-old diabetic woman with no history of zoster rash who
presented with ischemic optic neuropathy and an elevated CRP [75]. The is-
chemic optic neuropathy was followed by acute retinal necrosis with exten-
sive venous beading characteristic of vasculopathy; PCR analysis of vitreous
fluid in the same eye was positive for VZV DNA. The patient later developed
jaw claudication and intermittent scalp pain; while temporal artery biopsy
was GCA-negative, further study of the artery revealed VZV antigen
(Fig. 4). These findings demonstrate that in patients with clinically suspect
GCA, but whose temporal arteries are GCA-negative; VZV produces a
multifocal vasculopathy affecting the ophthalmic and/or retinal arteries to
cause vision loss, in addition to ipsilateral temporal artery infection. Treat-
ment of these patients (with and without a history of zoster), with steroids
for presumed GCA led to no improvement or to actual worsening of vision,
while antiviral treatment improved vision.

Since VZV vasculopathy with temporal artery infection mimics GCA, we
examined formalin-fixed, paraffin-embedded temporal arteries obtained
from patients with clinically suspect GCA, but whose temporal arteries were
pathologically negative. Immunohistochemical analysis revealed VZV anti-
gen, but not HSV-1 antigen in five (21 %) of the 24 temporal arteries in mul-
tiple regions of each artery [76••]; in contrast, none of 13 control temporal
arteries obtained postmortem from subjects without symptoms or signs of
GCA contained VZV antigen. Overall, these findings indicate that in patients
presenting with clinical symptoms (particularly early visual disturbances),
signs and laboratory abnormalities (particularly elevated CRP) consistent
with GCA, the diagnosis of multifocal VZV vasculopathy is an important con-
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sideration and warrants examination of the temporal artery not only for his-
topathological features of GCA, but also for immunohistochemical evidence
of VZV antigen. Larger studies are needed to determine the full spectrum of
symptoms, signs and laboratory abnormalities, as well as the characteristic
histopathological features in temporal arteries of patients with multifocal
VZV vasculopathy and temporal artery infection.

VZV meningitis, meningoencephalitis, meningoradiculitis and cerebellitis
Like VZV vasculopathy, these neurological complications of VZV reactivation can
occur in the absence of zoster rash, as demonstrated by recent reports of VZVmen-
ingitis [77], meningoradiculitis [78] and cerebellitis [79, 80] in which diagnosis
was confirmed by the detection of VZV DNA and anti-VZV antibody in CSF.

VZV myelopathy
VZV myelopathy can present as a self-limiting, monophasic spastic paraparesis,
with or without sensory features and sphincter problems. This so-called
post-infectious myelitis usually occurs in immunocompetent patients days
to weeks after acute varicella or zoster. Its pathogenesis is unknown. The
CSF usually contains a mild mononuclear pleocytosis, with a normal or
slightly elevated protein. Steroids are used to treat these patients, although
some improve spontaneously.

Fig. 4. Varicella zoster virus (VZV) in the temporal artery of a patient with VZV multifocal vasculopathy. (A) Positive control
cadaveric cerebral artery 14 days after VZV infection in vitro (pink color, arrows). (B) Note VZV antigen in the adventitia of the
temporal artery after staining with anti-VZV antibody (pink color, arrows), but not after staining adjacent sections with anti-
HSV-1 antibody (C) or normal rabbit serum (D). Magnification 200X. (Reproduced from Mathias et al. [75]; copyright 2013,
Elsevier; with permission).
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VZV may directly invade the spinal cord or affect the spinal arteries to pro-
duce myelopathy. In such instances, VZV myelopathy may present as an insid-
ious, progressive and sometimes fatalmyelitis,mostly in immunocompromised
individuals, such as patients with AIDS. MRI reveals longitudinal serpiginous
enhancing lesions (Fig. 2B). Diagnosis is confirmed by the presence of VZV
DNA or anti-VZV IgG or both in CSF [81]. Pathological and virological analyses
of the spinal cord from fatal cases have revealed frank invasion of VZV in the pa-
renchyma [67] and, in some instances, spread of virus to adjacent nerve roots
[82]. Early diagnosis and aggressive treatment with intravenous acyclovir have
been helpful, even in immunocompromised patients [83]. The benefit of ste-
roids in addition to antiviral agents is unknown. Rarely, VZV myelitis recurs,
even in immunocompetent patients [81]. VZVmyelitismay also occur in the ab-
sence of zoster rash. VZV can also produce spinal cord infarction identified by
diffusion-weighted MRI and confirmed virologically [84]. Thus, VZV
vasculopathy can cause stroke in the spinal cord as well as in the brain.

Treatment
VZV vasculopathy, meningoencephalitis and myelitis are all treated with in-
travenous acyclovir, 10–15 mg/kg for 10–14 days. In immunocompromised
patients, continued oral valacyclovir for months is sometimes necessary to
prevent recurrence.

Ocular disease
VZV infection produces acute retinal necrosis (ARN) or progressive outer ret-
inal necrosis (PORN). ARN in both immunocompetent and immunocom-
promised individuals presents with periorbital pain and floaters with hazy
vision and loss of peripheral vision. Treatment is typically intravenous acy-
clovir, steroids and aspirin followed by oral acyclovir [85]. Intravitreal injec-
tions of foscarnet and oral acyclovir have also been effective. PORN presents
with painless loss of vision, floaters and constricted visual fields with resul-
tant retinal detachment. Multifocal, discrete opacified lesions begin in the
outer retinal layers peripherally and/or posterior pole; only late in disease
are inner retinal layers involved. Diffuse retinal hemorrhages and whitening
with macular involvement bilaterally are characteristic findings. VZV is the
most common cause of PORN, although HSV and cytomegalovirus can also
cause this disease. Most cases are seen in AIDS patients with CD4+ T cell
counts less than 10 cells/mm3 of blood [86], as well as in other
immunosuppressed individuals [87]. PORN may be preceded by retrobulbar
optic neuritis and aseptic meningitis [88], central retinal artery occlusion or
ophthalmic-distribution zoster [89] and may occur together with multifocal
vasculopathy or myelitis. Treatment with intravenous acyclovir has given
poor or inconsistent results [90] and even when acyclovir helped, VZV reti-
nopathy recurred when drug was tapered or stopped. PORN patients treated
with ganciclovir alone or in combination with foscarnet had a better final vi-
sual acuity than those treated with acyclovir or foscarnet [91]. The best treat-
ment for PORN in AIDS patients may be prevention with HAART [92].

Like other neurological disorders caused by VZV, ocular disease caused by
VZV can also occur in the absence of rash. Multiple cases of PORN [93, 94]
and a case of severe unremitting eye pain without rash were shown to be
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caused by VZV based on detection of VZV DNA in nasal and conjunctival sam-
ples [95]. In addition, third cranial nerve palsies [96], retinal periphlebitis [97],
uveitis [96], iridocyclitis [98] and disciform keratitis [99] that occurred without
rash were confirmed virologically to be caused by VZV.

Zoster sine herpete (radicular pain in the absence of rash)
Zoster sine herpete is recognized by clinicians as chronic radicular pain without
rash causedbyVZV. Zoster sineherpetewas first described in a report ofmultiple
patients with dermatomal distribution radicular pain in areas distinct frompain
with rash in zoster [100]. The first two virologically confirmed cases of zoster
sine herpete were verified by detection of VZV DNA in CSF [101]. A third case
of thoracic-distribution zoster sine herpete, in which electromyography of
paraspinal muscles demonstrated frequent fibrillation potentials restricted to
chronically painful thoracic root segments was confirmed by detection of VZV
DNA in blood MNCs and anti-VZV IgG antibody in CSF [102]. Blumenthal et
al. [103] recently described a patient with zoster sine herpete whose CSF did
not contain amplifiable VZV DNA, but did contain anti-VZV IgG with reduced
serum/CSF ratios of anti-VZV IgG indicative of intrathecal synthesis. Perhaps the
most compelling evidence that persistent radicular pain without rash can be
caused by chronic active VZV ganglionitis came from analysis of a trigeminal
ganglionic mass removed from an immunocompetent adult who had experi-
enced relentless trigeminal-distribution pain for more than a year; pathological
and virological analyses of the ganglionic mass revealed active VZV ganglionitis
[17]. The detection of VZV DNA and anti-VZV IgG and IgM antibody has ex-
panded the spectrum of neurological disease produced by VZV in the absence
of rash to include VZV meningoencephalitis, vasculopathy, myelitis, cerebellar
ataxia and polyneuritis cranialis.

Diagnostic tests
The diagnosis of VZV-induced neurological disease is straightforward when the
characteristic dermatomal distribution rash of zoster is present. When zoster
rash is not present in a patient with neurological disease that can be caused
by VZV (e.g., zoster sine herpete, vasculopathy, meningoencephalitis, myelopa-
thy or retinal necrosis), examination of CSF and serum and ocular fluids is nec-
essary. The routine CSF cell count can be helpful, since a mild lymphocytic
pleocytosis is characteristically found in VZV vasculopathy, myelitis andmenin-
goencephalitis. Furthermore, increased red blood cells and polymorphonuclear
leukocytes are may also be seen when VZV infects the nervous system.

In the absence of rash, the CSF should be examined virologically for VZV
DNA by PCR and for anti-VZV IgG and IgM. Detection of VZV DNA in CSF or
anti-VZV IgM in serum or CSF is strong presumptive evidence of recent VZV
infection. If anti-VZV IgG antibody is present in CSF, the antibody index
should be calculated to determine whether anti-VZV antibody is being pro-
duced intrathecally. For molecules such as albumin and total IgG, the se-
rum/CSF ratio is usually more than 100:1. A reduced ratio of anti-VZV IgG
antibody compared to ratios for albumin or total IgG is seen in many neu-
rological diseases produced by VZV. Importantly, many cases of VZV
vasculopathy are protracted and VZV DNA is only found ~30 % of the time
[65]. The detection of anti-VZV IgG antibody in CSF with intrathecal syn-
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thesis is superior to detection of VZV DNA in CSF to diagnose VZV
vasculopathy [104], recurrent myelopathy and brainstem encephalitis
produced by VZV [105].
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