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Varicella-zoster virus (VZV) encephalitis has become more prevalent in the era of acquired immunodeficiency syn- 
drome and other immunosuppressive diseases and poses diagnostic and therapeutic challenges for clinicians, radiolo- 
gists, and pathologists. Six cases studied at our institutions shed light on the patterns and pathogenesis of the disease. 
VZV encephalitis is predominantly a vasculopathy, involving small and large vessels, that generates seizures, mental 
changes, and focal deficits. Brain imaging reveals large and small ischemic or hemorrhagic infarcts, often both, of 
cortex and subcortical gray and white matter. Deep-seated white matter lesions often predominate and are ischemic 
andior demyelinative, depending on the size of blood vessels involved and the amount of additional demyelination 
caused by infection of oligodendrocytes. The demyelinative lesions are smaller and less coalescent than those seen in 
progressive multifocal leukoencephalopathy. 
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Diverse lesions develop after acute virus infection of 
the central nervous system (CNS) and depend in large 
part upon the cell type infected by virus. Necrosis fol- 
lows infection of neurons by poliovirus, rabies, and 
togaviruses 11; fatal choriomeningitis develops after 
infection of choroid plexus, meninges, and ependyma 
by lymphocytic choriomeningitis virus [2}; demyelin- 
ation occurs after lytic infection of oligodendrocytes 
by papovavirus 131; and a hemorrhagic encephalopathy 
is produced by parvovirus infection of endothelial cells 
[41. In varicella-zoster virus (VZV) encephalitis, the 
pathologic changes of vasculopathy leading to isch- 
emiclhemorrhagic infarction and demyelination sug- 
gest that VZV is capable of infecting multiple cell 
types. To study the pathogenesis of disease, we com- 
bined clinical, radiologic, pathologic, and virologic 
studies of 6 patients with V Z V  encephalitis. 

Case Histories 
Szcbject I 
A 54-year-old man with a 5-month history of Wegener's 
granulomatosis, Pneumocystis carinii infection, and renal in- 
sufficiency, taking cyclophosphamide (1 50 mgiday) and pred- 
nisone (80 mgiday), developed progressive leg weakness and 
numbness, difficulty urinating, and constipation over a 
month. He had experienced purpuric rash from Henoch- 
Schonlein disease. There was no history of zoster. Neuro- 
logic examination revealed spastic left leg weakness, a T12 

sensory level to touch and pain, hyperactive leg reflexes, and 
bilateral extensor plantar responses. Spinal cord magnetic res- 
onance imaging (MRI) showed increased nonenhancing sig- 
nal at T10-11 without mass effect. The CSF contained 18 
mononuclear cellsimm 3, a protein level of 5 1 mgC/c, and a 
glucose level of 62 mgp .  Two months later, he had three 
generalized seizures and was in a nonketotic hyperglycemic 
state with a serum glucose level of 1,064 mgo/c. An electroen- 
cephalogram showed generalized slowing and left hemi- 
sphere sharp waves. Brain MRI revealed multiple hyper- 
intense nonenhancing white matter lesions in both 
hemispheres (Fig 1). One month later, brain MRI again 
showed multiple, bilateral white matter hyperintensities, as 
well as a left thalamic lesion, many of which enhanced. One 
month later, he developed fever and lethargy. Diffuse infil- 
trates were seen on chest x-ray. A right frontal lobe brain 
biopsy revealed ovoid, predominantly demyelinative lesions 
(Fig 2) with minimal endothelial proliferation and numerous 
Cowdry A inclusions in glia at the perimeter of the lesions 
(Fig 3). Indirect immunoperoxidase staining of the biopsy 
identified VZV but not herpes simplex virus (HSV) antigen. 
In situ hybridization (ISH) demonstrated VZV DNA but 
not HSV DNA (Fig 4). The patient died of pneumonia 2 
months later. Permission for an autopsy was denied. 

Subject 2 
A 30-year-old man with acquired immunodeficiency syn- 
drome (AIDS) and a CD4 count of 4 began falling to the 
right. A head computed tomographic (CT) scan was normal. 
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F i g  3. Brain biopsy from Subject 1 reveals multiple Cmudty A 
inclusion bodies (arrows). 

Cerebrospinal fluid (CSF) contained 27 red blood cells 
(RBCs), 10 white blood cells (WBCs) (52% polymorphonu- 
clear leukocytes and 48% mononuclear), a protein level of 
83 mg% and a glucose level of 57 mg%. Herpes zoster was 
present on the left buttock. H e  was treated with acyclovir, 
800 mg intravenously, every 6 hours for 9 days, followed by 
800 mg orally four times daily for 13 days. Four months 
later, he developed left-sided neglect, progressive left-sided 
weakness and decreased sensation, and left facial weakness. 
There was no rash. Neurological examination revealed a left 
homonymous hemianopsia, mild left central facial weakness, 
a mild left hemiparesis with normal tone, decreased sensa- 
tion, and brisk deep-tendon reflexes on the left. The left 
plantar response was extensor. A head CT scan revealed focal 
hemorrhage or hemorrhagic infarction and edema in the right 
posterior temporal and parietal lobes. A head MRI scan dem- 
onstrated a large hemorrhagic lesion and multiple small areas 
of hemorrhage in both hemispheres (Fig 5 ) .  Carotid artery 
duplex ultrasound and MRI angiogram of the head were nor- 
mal. The CSF contained 428 RBCs, no WBCs, a protein 
level of 56 mg% and a glucose level of 80 mg%. Cryptococ- 
cal antigen and cultures of the CSF were negative. Polymer- 
ase chain reaction (PCR) revealed VZV DNA, but not HSV 
or cytomegalovirus DNA, in both CSF and in blood mono- 
nuclear cells (MNCs). Antibody to VZV was present in CSF. 
He was treated with intravenous acyclovir, 800 mg every 8 
hours for 2 weeks, and dexamethasone 6 mg intravenously 
every 4 hours for 7 days, then 2 mg intravenously every 6 
hours for 1 day, then 1 mg intravenously every 6 hours for 
1 day, and then an oral prednisone taper over 5 days. At the 
time of discharge, there was residual cognitive impairment 
and a left hemiparesis. He was then treated with acyclovir, 
800 mg orally three times daily, which has been continued 
indefinitely. He is currently neurologically stable 5 months 
later. 

Subject 3 
A 29-year-old man with AIDS developed left-sided weakness 
and intermittent garbled speech. Eight months earlier, he had 
experienced lumbosacral distribution zoster. A head CT scan 
revealed enhancing lesions in the posterior limb of the right 

Fig  I .  Proton-density head magnetic resonance imaging scan of 
Subject I demonstrates multiple discrete lesions in both hemi- 
spheres, primarily involving white matter, and extending to  
gray-white matter junctions. 

F i g  2. Whole-mount section of cortical biopsy from Subject 1 
shows a well-demarcated ovoid demyelinated lesion at the cortical 
gray-white matter junction (thick arrow). One edge of a larger 
plaque is seen at the lower It$ (thin arrow). (Hematoxylin and 
eoJin, x 5.) 
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Fig  4. Numerous positive dark cells are seen after in situ hybrid- 
ization of a z~aricella-zoster virus (VZVI-specijic rzboprobe to  
brain biopsy from Subject 1 (A) and to VZV-infected BSC-1 
cells (C), but not after hybridization to normal human brain 
(Bi or uninfected BSC-I cells (0). 

internal capsule and both sylvian fissures, and a brain MRI 
scan revealed large and small areas of infarction in superficial 
and deep areas of the right hemisphere including the sple- 
nium of the corpus callosum (Fig 6). The CSF was acellular 
and contained a protein level of 85 m g F  and a glucose level 
of 39 mg%. CSF cultures for bacteria, fungi, and acid-fast 
bacilli (AFB) were negative. A transthoracic echocardiogram 
and the following laboratory studies were normal: prothrom- 
bin time (FIT), protein C and S, anti-thrombin 111, anti- 
cardiolipin antibody, antinuclear antibody (ANA), rheuma- 
toid factor, hepatitis B surface antigen, and serum rapid 
plasma reagin (RPR). A few weeks later, he developed gener- 
alized tonic-clonic status epilepticus. He was febrile. Neuro- 
logic examination revealed a postictal state but no focal defi- 
cit. A head CT scan revealed low-density nonenhancing 
lesions in the right internal capsule and parietal lobe, most 
consistent with infarction. The CSF was acellular and con- 
tained a protein level of 70 mg$6 and a glucose level of 58 
rn&. Gram stains and cultures for bacteria, fungus, and AFB 
were negative. Fever continued, he remained obtunded, and 
developed left-sided weakness. A brain MRI scan revealed 
nonenhancing high signal intensity on T1-weighting in the 
medial right occipital lobe and posterior limb of the right 
internal capsule. H e  developed upper gastrointestinal bleed- 

ing. He was treated with gancyclovir, 350 mg intravenously 
every 12 hours, and acyclovir, 700 mg intravenously every 
8 hours for 2 days before death. Pathologic examination of 
the brain revealed acute and subacute arteritis of the circle 
of Willis vasculature with fibrinoid necrosis, luminal occlu- 
sion, and MNC inflammation without herpetic inclusions (Fig 
7). Ischemic infarctions of the right basal ganglia, internal 
capsule, and occipital lobe were seen, with a collar of demye- 
lination and Cowdry A inclusions in glia surrounding the 
occipital lesion. ISH detected VZV nucleic acid in the mixed 
ischemic-demyelinative occipital lobe lesion. 

Szlbject 4 
A 33-year-old man with AIDS and a history of recurrent 
zoster developed chronic progressive fatal encephalitis. A CT 
scan of the brain 1 month before death revealed deep-seated 
low-density enhancing lesions in both basal ganglia and inter- 
nal capsules, and a brain MRI 1 week later revealed necrosis 
in the basal ganglia and hydrocephalus. Pathologic examina- 
tion of the brain revealed necrosis in the basal ganglia bilater- 
ally and periventricular necrosis. Vascular thromboses were 
present in most necrotic areas, and necrotic and demyelina- 
tive lesions were admixed throughout the cortical white mat- 
ter. Vacuolation and demyelination were seen at the edge of 
many of the larger necrotic lesions. Cowdry A inclusions 
were seen in glia and in ependymal cells lining the 4th ventri- 
cle and VZV was demonstrated by Southern blot analysis on 
tissue from basal ganglia, internal capsule, and pons [5]. 

786 Annals of Neurology Vol 37 No 6 June 1995 



F i g  5 .  Head magnetic resonance imaging scan of Subject 2 re- 
veals a large hemorrhagic lesion in the right temporoparietal re- 
gion (long arrows); smaller deep-seated hemorrhagic lesions are 
seen in  both hemispheres (short arrows). 

Subject 5 
A 69-year-old woman with a history of steroid-dependent 
asthma and hypertension developed a brachial plexitis. Three 
months later, she developed C8- and T3-distribution zoster, 
followed 3 days later by an acute encephalitis with seizures 
and coma. A brain MRI revealed multifocal subcortical le- 
sions in both white and gray matter. She died 4 weeks later. 
Pathologic examination of the brain, brainstem, and cerebel- 
lum revealed large bland and hemorrhagic infarcts coupled 
with small patchy ovoid predominantly necrotic lesions, scat- 
tered throughout white matter, in both motor strips, more 
so on the left, and predominantly near gray-white matter 
junctions. Smaller lesions in the brain and cerebellum were 
noteworthy for their perivascular orientation. Demyelination 
was minimal, and a paucity of glial Cowdry A inclusions was 
seen, although indirect immunoperoxidase staining using rab- 
bit anti-VZV serum (courtesy of Dr  J. R. Martin) revealed 
VZV antigen (61. 

F i g  6. Although movement artifdcts make definitive interpreta- 
tion impossible, a T2-weighted head magnetic resonance im- 
aging scan of Subject 3 shows a distinct /urge area of hyper- 
intensity in the right inferoposterior temporal region (long 
arrows) and two deep-seated laions in the region ofthe lenti- 
form nucleus (short arrow) and posterior white matter (short 
arrow). 

Subject 6 
A 37-year-old man with AIDS and a history of recurrent 
bilateral zoster developed chronic progressive fatal encephali- 
tis. A CT scan of the brain 1 month before death showed 
an expanding, low-density, nonenhancing lesion in the right 
cerebellar hemisphere. Pathologic examination revealed no 

F i g  7 .  Artery at base of brain from Subject ? shows subacute 
arteritis with intimal proliferation. mononuclear cell injam- 
mation, and intact elastic lamina. (Hematoxylin and eosin, 
x 400 before 33% reduction.) 
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cerebral infarctions, but periventriculitis surrounding the left 
temporal and occipital horns was seen. At the gray-white 
matter junction of the cortex, particularly at the left motor 
strip, ovoid demyelinative lesions with central capillary prolif- 
eration and macrophage influx were present, surrounded by 
vacuolation and numerous glia containing Cowdry A inclu- 
sions. Peroxidase-antiperoxidase staining with rabbit poly- 
clonal antiserum to VZV (Dr S. Straus) was positive and 
VZV D N A  in brain was confirmed by Southern blot analysis 
of frozen temporal lobe and cerebellum {-/I. 

Materials and Methods 
Preparation of Riboprobes 
Hsv-1 PROBE. The HSV-1 BumHI-Sufi D N A  fragment (2.3 
kb), which contains a portion of the HSV glycoprotein B 
coding region, was subcloned from a 4.0-kb BumHI-Xhol 
fragment into the pGEM transcription vector. The recombi- 
nant clone was linearized using Hind111 and digoxigenin- 
labeled R N A  probes were synthesized using a Genius RNA 
labeling kit (Boehringer Mannheim, Indianapolis, IN). 

vzv PROBE. For PCR amplification, oligonucleotide prim- 
ers specific for VZV gene 40 were selected from the 
published sequence 183. The VZV UL40 primer A (5’- 
ACTCA’MTGAACGAGGCACTGC-3‘) is located be- 
tween nucleotides 72096 and 72117, and primer B (5‘- 
TGAATCGGAGTTGGATTGTGG-3 ‘) is located between 
nucleotides 72626 and 72646 on the VZV genome. Bacte- 
riophage T 7  RNA polymerase primer sequences (5’- 
TGTAATACGACTCACTATAGGGCGA-3’) were linked 
to VZV gene 40 primer A. This primer pair was used to 
amplify a 550-bp D N A  fragment with T7 R N A  polymerase 
promoter at one end. The PCR product was cleaned using a 
QIAquick PCR purification kit (QIAGEN Inc, Chatsworth, 
CA). Digoxigenin-labeled RNA probes were synthesized 
from the PCR product using a Genius RNA labeling kit 
(Boehringer Mannheim). 

FRAGMENTATION OF PROBES. An equal volume of 60 mM 
sodium carbonate and 40 mM sodium bicarbonate, p H  10.2, 
was added to the digoxigenin-labeled R N A  probes. Incuba- 
tion was at 60°C for 10 minutes, followed by the addition of 
an equal volume of 200 mM sodium acetate, 1% (vol/vol) 
acetic acid, p H  6.0. 

PRETREATMENT. Brain tissue sections were deparaffinized 
in xylenes twice for 5 minutes each time, rehydrated in 
graded alcohols, and washed in water followed by phosphate- 
buffered saline two times for 5 minutes each time. Tissue 
sections were then treated with proteinase K (20 pg/ml) for 
15 minutes at 55°C in 0.02 M Tris-HCI, p H  7.4, and 0.002 
M CaCI,, washed twice in water, treated for 10 minutes at 
room temperature with freshly prepared 0.25% acetic anhy- 
dride in 0.1 M triethanolamine HCI, p H  8.0, and 0.9% 
NaCI, and dehydrated in graded alcohols. After delipidation 
in chloroform for 5 minutes at room temperature, sections 
were washed in 100% ethanol and in 95% ethanol for 1 to 
2 minutes each time, air-dried, and stored at room tempera- 
ture until use. 

ISH. ISH using riboprobes was performed as described by 
Smith and colleagues 191 with the following modifications. 
Hybridization solution containing 10 ng of riboprobe in 10% 
dextran sulfate, 50% formamide, 1 x Denhardt’s solution, 
4 x saline-sodium citrate (SSC), 10 mM dithiothreitol, 1 
mg/ml tRNA, 2 mM EDTA, and 1,000 Uiml RNasin (Pro- 
mega, Madison, WI) was placed on top of the tissue section, 
which was covered with a glass coverslip and sealed with 
grease to prevent evaporation. Each section was denatured 
at 95°C for 5 minutes, hybridized overnight at 52°C in a 
humid chamber, washed twice with 4 X SSC, once with 2 x 
SSC in 50% formamide at 50°C for 45 minutes, rinsed twice 
in RNase buffer (20 mM Tris, p H  8.0, 500 mM NaCI, 1 
mM EDTA), treated with a mixture of RNase A (40 +g/ml) 
and RNase T 1  (10 U/ml) in RNase buffer, and washed with 
2 x SSC in 50% formamide at 50°C for 45 minutes. Immu- 
nodetection of digoxigenin was performed according to the 
Genius detection kit (Boehringer Mannheim) using alkaline 
phosphatase-conjugated antibody and colorimetric develop- 
ment for 1 to 16 hours. Positive and negative controls for 
each virus probe included normal human brain, uninfected, 
VZV-infected, and HSV-1-infected BSC-1 (African green 
monkey kidney) cells. 

Results and Discussion 
We describe 6 cases of VZV encephalitis, 4 in AIDS 
patients and 2 in patients being treated with cyclophos- 
phamide and steroids or only steroids. Pathologic or 
virologic studies verified that all cases were caused by 
VZV. Zoster occurred days to months before encepha- 
litis in 5 patients and was recurrent in 2 of these 5 
patients. VZV encephalitis developed once without 
any history of rash. Encephalitis was characterized by 
fever, seizures, focal deficit, and mental status changes. 
Brain imaging revealed multifocal lesions, some of 
which enhanced, in the distribution of large and small 
arteries, most consistent with infarction. Both ischemic 
and hemorrhagic lesions were seen. Pathologically, the 
lesions in all 6 cases were a combination of ischemia 
and demyelination. Infarction in the distribution of 
large arteries was accompanied by large vessel arteritis 
(Subject 3). Deep-seated infarction, often with demye- 
lination, was secondary to small artery vasculopathy, 
which was characterized by endothelial swelling and 
scant chronic inflammation. The smaller demyelinative 
lesions in these patients usually included the presence 
of Cowdry A inclusions in glia at the periphery of le- 
sions. 

Early reports of VZV vasculopathy emphasized large 
vessel disease, which typically produced stroke weeks 
to months after trigeminal or cervical distribution zos- 
ter. Imaging and pathologic studies of these cases of 
“herpes zoster ophthalmicus,” “granulomatous angi- 
itis,” or “vasculitis” revealed infarction in the distribu- 
tion of the carotid, middle cerebral, anterior cerebral, 
and basilar arteries [lo, 111. Such large vessel infarc- 
tions were seen in Subjects 1 to 3. 
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While the large infarctions that follow trigeminal or 
cervical distribution zoster are usually ischemic El21 and 
only rarely hemorrhagic [13}, an even mix of ischemic 
and hemorrhagic infarction was seen in our patients with 
VZV encephalitis. In fact, clinical and radiologic evi- 
dence of multifocal ischemic and hemorrhagic infarction 
should suggest the possibility of VZV infection. 

In contrast to the abundance of reports of large 
vessel disease produced by VZV, the small vessel 
vasculopathy that leads to a leukoencephalopathy and 
demyelination was not appreciated until Horten and 
co-workers El41 first described fatal VZV encephalitis 
in patients with cancer. This was later confirmed by 
Morgello and associates 11 51. Pathologically, these 
cases are characterized by multifocal small lesions, usu- 
ally deep-seated, involving white matter more than 
gray matter, and often concentrated at gray-white mat- 
ter junctions. Horten and co-workers [14] and Mor- 
gello and colleagues [15] emphasized the demyelina- 
tive nature of small lesions and relative preservation 
of axons. Gray and collaborators [16}, on the other 
hand, noted necrotic features. Our cases illustrate that 
both demyelination and necrosis can be produced 
by small vessel vasculopathy (“multifocal leukoenceph- 
alitis”). Many smaller lesions in our patients had at least 
a demyelinative component and had Cowdry A inclu- 
sions in glia at the periphery of lesions. While the 
absence of Cowdry A viral inclusions in purely in- 
farctive lesions can pose diagnostic difficulties for the 
pathologist, the combination of ischemic and demyeli- 
native lesions in the same brain suggests VZV as the 
cause. The smaller, ovoid, less coalescent demyelina- 
tive lesions in VZV contrast with progressive multifo- 
cal leukoencephalopathy (PML), in which infarction is 
not seen, and viral inclusions develop only in oligoden- 
drocytes, fill their nuclei, and usually do not give a 
Cowdry A halo appearance. PML also displays bizarre 
pleomorphic astrocytes that are not found in VZV en- 
cephalitis. 

The presence of multifocal gray-white matter junc- 
tion lesions suggests that VZV may spread hematoge- 
nously. However, the same multifocal gray-white mat- 
ter junction lesions were also seen in an AIDS patient 
who developed encephalitis, and in whom pathologic 
and virologic evidence of VZV was found in the eye, 
the optic chiasm, the lateral geniculare bodies, and the 
occipital cortex, strongly indicating anterograde spread 
of VZV through the visual system [l6]. A possible 
explanation for gray-white matter junction lesions 
after primary involvement of visual pathways is that 
transaxonal spread of virus from the eye to the brain 
may be followed by local virus infection of small blood 
vessels, ultimately leading to ischemic infarction and 
necrosis. Our pathologic examination of the spinal 
cords of Subjects 5 and 6 also suggests that, in some 

cases, VZV enters the CNS via axonal spread from 
dermatomal zoster. Dorsal root ganglionitis develops, 
followed by dorsal nerve root inflammation and degen- 
eration, and by destruction of dorsal gray and, to a 
lesser extent, ventral gray matter of the spinal cord. 
The small blood vessels might be infected focally at 
the spinal cord level, with the virus spreading hematog- 
enously leading to local and more distant ischemic in- 
farction. Alternatively, and in keeping with the report 
of Rostad and colleagues 1171, transaxonal spread 
within the CNS might occur. In Subjects 5 and 6, the 
motor strip in the cerebral cortex showed prominent 
lesions, raising the possibility of retrograde transaxonal 
spread via the corticospinal tract from the spinal cord 
anterior gray matter. In this scenario, spread into small 
blood vessels at the motor strip might yield the isch- 
emic and ischemic/demyelinative lesions. In Case 3, 
where the central portion of lesions appeared ischemic 
and the perimeter demyelinative, an initial vasculopa- 
thy and blood vessel infection by VZV followed by 
later oligodendrocyte infection is possible. Although 
virus was not demonstrated in endothelial cells in our 
cases by the presence of inclusions or by ISH, perhaps 
due to the temporal sequence of disease, the recent 
demonstration of VZV antigen in walls of small cere- 
bral blood vessels of a patient with VZV brainstem 
encephalitis [IS} supports the notion that small blood 
vessels can be infected by VZV directly and may serve 
as the cause for small ischemic lesions in brain. 

In  summary, VZV encephalitis in immunocom- 
promised individuals usually develops concurrent with 
rash or weeks to months after acute herpes zoster and 
is characterized by mental status changes and multifocal 
neurologic deficits. Radiographic studies reveal a spec- 
trum of lesions, from ischemic/ hemorrhagic infarctions 
of varying size, depending on the caliber of blood ves- 
sel involved, to small ovoid lesions with mixed isch- 
emic/demyelinative or predominantly demyelinative 
pathology. The radiologic detection of both infarctive 
(ischemic or hemorrhagic) and demyelinative lesions 
in an immunocompromised patient with or without a 
history of zoster rash should suggest the diagnosis of 
VZV encephalitis. These features differ from PML, 
which has no infarctive component and usually pro- 
duces more coalescent and larger zones of demyelin- 
ation than VZV encephalitis. The detection of VZV 
DNA in CSF by PCR can confirm the diagnosis rap- 
idly. Pathologically, the combination of ischemic and 
demyelinative features should strongly prompt consid- 
eration of VZV encephalopathy. In purely infarctive 
lesions, characteristic Cowdry A inclusions may be 
scant or absent, and a search for more demyelinative 
or mixed lesions should be undertaken. Both transaxo- 
nal and vascular spread are likely to be important in 
producing VZV encephalitis. 
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