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Atypical manifestations and poor outcome

of herpes simplex encephalitis in the
immunocompromised

ABSTRACT

Objective: To characterize clinical features, neuroimaging, and outcomes of herpes simplex
encephalitis (HSE) in immunocompromised individuals.

Methods: We performed a retrospective case control review of patients diagnosed with HSE.
Adult patients were dichotomized into immunocompromised (n = 14) and immunocompetent
groups (n = 15).

Results: Fewer immunocompromised patients presented with prodromal symptoms and focal def-
icits. While the majority of CSF profiles in the immunocompromised patients were mononuclear
cells predominant, 3 had polymorphonuclear predominance and another 3 had normal profiles.
MRI showed widespread cortical involvement, with brainstem or cerebellar involvement in some.
Two immunocompromised patients had recurrent HSE. The immunosuppressed state was asso-
ciated with a decrease in Karnofsky Performance Status Scale (KPSS) score of 23.1 (p = 0.018).
Every 1-day delay in initiation of acyclovir was associated with a decrease in KPSS of 10.2 (p =
0.002), and every 10 cell/mm?3 increase of CSF leukocytosis was associated with an increase in
KPSS of 0.7 (p = 0.009). Mortality rate was 6 times higher in the immunocompromised patients.

Conclusions: Immunocompromised states may predispose to HSE with atypical clinical and neuro-
radiologic features. Immunocompromised individuals with HSE have significantly worse out-
comes and mortality. Early diagnosis and treatment is associated with improved outcome. The
findings are particularly important in light of the increasing use of potent immunosuppressive
and immunomodulatory therapies. Neurology® 2012;79:2125-2132

GLOSSARY

HSE = herpes simplex encephalitis; HSV = herpes simplex virus; JHH = Johns Hopkins Hospital; KPSS = Karnofsky
Performance Status Scale; MS = multiple sclerosis.

Herpes simplex encephalitis (HSE) is the most common cause of sporadic viral encephalitis in
the Western world."? It remains a rare but serious disease with an incidence of 1 in 250,000 to
500,000 population.” The introduction of acyclovir in 1984 markedly reduced the mortality
rate of HSE from about 70% previously to about 16% at 6 months follow-up.” However, there
may be renewed concern, specifically the emergence of herpes simplex virus (HSV) resistance to
acyclovir, a phenomenon which may occur in immunocompromised hosts.* Despite effective
antiviral therapy, the mortality has been variably reported as 4%—28%, and only about 15%—
38% of patients return to a normal level of functioning."*>¢ PCR introduced in the 1990s
allows the detection of DNA of HSV from CSF samples. This is more widely used compared to
brain biopsy as the gold standard in the diagnosis of HSE. Although HSE is not regarded as an
opportunistic infection, HSE in immunocompromised patients may have atypical presenta-
tions.” Early recognition of the infection is critical since a delay in acyclovir administration
is associated with severe morbidity and mortality.®? This is particularly important as newer
immunotherapies are being increasingly used to treat autoimmune diseases, malignancies, and

From the Department of Neurology (I.LL.T., ].C.M., A.V.), Johns Hopkins School of Medicine, Baltimore; and Section of Infections of the Nervous
System (A.N.), National Institute of Neurological Disorders and Stroke, NIH, Bethesda, MD.

Study funding: Supported in part by NIH grants 1P30MH075673, UL1IRR025005, ROINS056884, 1P30MH075673, and NS44807 (J.C.M.),
National Institute of Neurological Disorders and Stroke intramural funds, and the Steg family.

Go to Neurology.org for full disclosures. Disclosures deemed relevant by the authors, if any, are provided at the end of this article.

© 2012 American Academy of Neurology 2125



other disorders. In this study, we examined
whether clinically defined immunocompro-
mised states impacted the clinical manifesta-
tions, management, and outcome of HSE.

METHODS We performed a retrospective review of all patients
presenting with encephalitis at the Johns Hopkins Hospital
(JHH), a tertiary care medical center, between January 1997
and April 2010. For the purpose of this study, encephalitis was
defined as an altered mental state, change in personality or focal
neurologic deficits, and =1 of the following: 1) fever, 2) seizure, 3)
CSF pleocytosis, 4) EEG consistent with encephalopathy (focal or
diffuse slow activities), 5) neuroimaging findings consistent with
encephalitis (uni- or bitemporal signal hyperintensities in MRI
T2/fluid-attenuated inversion recovery sequences for HSE). The
exclusion criteria include delirium or encephalopathy secondary
to sepsis, toxin, or metabolic causes (hypoglycemia, electrolyte
disturbances). We screened the databases with the following
ICD-9 coded diagnoses: encephalopathy, encephalitis, infections
of the CNS, postinfectious encephalitis, and autoimmune en-
cephalitis. From this encephalitis database, patients were included
in this analysis if HSV DNA was detected in the CSF via PCR
analysis. Patients with presumed HSE with negative HSV PCR or

those with meningismus without encephalopathy suggestive of
herpes meningitis were excluded.

We collected data on demographics, clinical characteristics,
CSF analyses, MRI features, treatment, and clinical outcomes
(table 1). The outcomes were graded according to Karnofsky
Performance Status Scale (KPSS). HSE relapse was defined as
recrudescence of symptoms within 1 month after discontinua-
tion of acyclovir, while the term recurrent HSE was used if the
interval was >1 month. Adult patients (age >18 years old)
were dichotomized into immunocompromised and immuno-
competent groups (table 1). The immunocompromised group
included patients with chronic HIV infection, transplant
recipients, patients on immunosuppressive therapies, patients
with active malignancy, patients with diabetes mellitus, and
patients with renal insufficiency. The immunocompetent
group consisted of patients without documented immunodefi-
ciency state.

We performed a literature search with PubMed (from 1965
to current) with search items including “herpes simplex enceph-

alitis,” “immunocompromised host,” and “immunosuppression.”

Standard protocol approvals, registrations, and patient
consents. This study was approved by the Johns Hopkins Uni-

versity Institutional Review Board.

[ Table 1 Comparison of clinical characteristics of immunocompromised and immunocompetent groups ]
Immunocompromised (n = 14) Immunocompetent (h = 15) p Value
Age, y, mean (SD) 56.2 (12.5) 54.1 (19.3) 0.73
Male, n (%) 6 (42.9) 8(53.3) 0.57
Clinical characteristics
Prodromal syndrome, n (%) 4 (28.6) 12 (80.0) 0.01
Fever, n (%) 11 (78.6) 12 (80.0) 0.92
Seizures, n (%) 7 (50.0) 10 (66.7) 0.36
Encephalopathy, n (%) 14 (93.3) 13 (92.8) 0.96
Focal deficits, n (%) 4 (28.6) 11 (73.3) 0.02
Delay presentation, d, mean (SD) 3.4 (3.7) 4.9 (3.8) 0.29
Delay acyclovir administration, d, mean (SD) 1.1 (1.7) 1.7 (1.9) 0.44
Completed 21-day acyclovir, n (%) 11 (78.6) 11 (73.3) 0.74
Total delay, d, mean (SD) 4.4 (4.7) 6.6 (4.3) 0.20
Transfer from other hospital, n (%) 4 (28.6) 9 (60.0) 0.09
Blood pleocytosis, cells/mm3, mean (SD) 11.2 (12.4) 9.4 (5.50) 0.61
CSF findings, mean (SD)
Pleocytosis, cell/mm?3 132.5(191.9) 163.0 (205.7) 0.69
Protein, mg/dL 107.8 (70.5) 74.4 (47.9) 0.17
Glucose, mg/dL 60.7 (18.9) 70.3 (18.8) 0.21
Neuroimaging abnormalities, n (%)
Unilateral temporal 11 (73.3) 8 (61.5) 0.51
Bilateral temporal 3(23.1) 3(20.0) 0.84
Others 8(57.1) 8(53.3) 0.84
Outcome
Karnofsky Performance Status Scale, mean (SD) 39 (33) 61 (26) 0.046
Mortality, n (%) 5(35.7) 1(6.7) 0.054
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Statistical analysis. We assessed all potential variables for their
association with outcomes in univariate models. We identified, a priori,
variables that might be confounders that should be assessed in mult-
variate models, including age, sex, immunocompromised state, seizure
at presentation, CSF pleocytosis, MRI bitemporal involvement,
the delay between hospital presentation and acyclovir administra-
tion, and the completion of 21-day course of acyclovir. Continu-
ous variables are reported as mean * SD. All statistical tests were
performed at the 2-tailed 5% level of significance. p Values of
<0.05 were considered significant. Statistical analysis was per-
formed on STATA version 11 (StataCorp, College Station, TX).

RESULTS Of the 415 patients in the JHH encephali-
tis database, 35 patients had a confirmed diagnosis of
HSE based on CSF PCR analysis (table 1). Six pedi-
atric patients (age < 18 years) were excluded in the
subsequent analysis. The average age was 55.1 = 16.1
years (range 26—79 years). The male to female ratio was
1:1.1. There were 14 patients in the immunocompro-
mised group and 15 patients in the immunocompetent
group. The mean age in the immunocompromised
group was 56.2 £ 12.5 years and in the immunocom-
petent group, 54.1% 19.3 years.

Causes of immunocompromised state. Table 2 describes
immunocompromised conditions in this cohort of
14 patients. Three patients had chronic HIV infec-
tion (CD4 cells, range 6-740 cells/mm?), 4 had intra-
cranial tumors (one received cranial radiotherapy,
another had intrathecal chemotherapy), 3 had hema-
tologic malignancies (one received a bone marrow
transplant), 1 was a renal transplant recipient, and
3 patients were on immunosuppressive agents for
connective tissue disorders.

Clinical presentations. Prodromal symptoms were pre-
sent in only 28.6% of the immunocompromised group,

compared to 80% of the immunocompetent group
(p = 0.01). Fever was present in over two-thirds of
the patients, while seizures were present in about half
of the patients in both groups. Focal neurologic deficits
were significantly less frequent in the immunocompro-
mised group (28% vs 73.3%, p = 0.02).

The duration between onset of symptoms and pre-
sentation to the hospital was shorter, 3.4 = 3.7 days,
in the immunocompromised group compared to
4.9 *= 3.8 days in the immunocompetent group.
The delay between hospital admission and acyclovir
administration was similar between the 2 groups,
averaging about 24 hours. Fewer than one-third
of the immunocompromised group (28.6%) were
transferred from outside hospitals compared to about
two-thirds of the immunocompetent group (60.0%).
Both HSV and varicella-zoster virus DNA were
detected in an immunocompromised patient. Three
patients in the immunocompromised group had been
admitted to the hospital for treatment of unrelated
conditions when they developed HSE.

CSF examination. Three patients in the immunocom-
promised group did not have CSF pleocytosis
(patients treated for polymyositis, brain metastasis,
and leptomeningeal metastasis), while only one
patient in the immunocompetent group showed no
CSF pleocytosis. The CSF white cell count was
132.5 = 191.9 cells/mm? (range: 1-621 cells/mm?)
in the immunocompromised group compared to
163.0 = 205.7 cells/mm?® (range: 1-717 cells/mm?)
in the immunocompetent group. Three patients in
the immunocompromised group had a polymorpho-
nuclear predominance in the CSF (bone marrow
transplantation, Hodgkin lymphoma, and cranial

[ Table 2 Causes of immunocompromised state ]

Patient no. Age,y Sex Cause of immunocompromised state CSF cells/mm3®  Bitemporal KPSS

1 47 M Renal transplantation 423 0 60

2 48 M AIDS, CD4-6 43 0 60

3 48 F HIV, CD4-112, hepatitis C 55) 1 30

4 50 M HIV, CD4-740; not on antiretrovirals 20 1 50

B 56 [ Recurrent CNS epidermoid tumor: surgery 12 0 0

6 61 M Pituitary tumor, cranial radiotherapy 62 0 80

7 79 F Brain metastasis from uterine carcinoma 1 0 0

8 49 M Leptomeningeal metastasis, intrathecal chemotherapy 2 0 60

9 55] F Chronic lymphocytic leukemia 221 0 0

10 45 F Hodgkin lymphoma 72 N/A 0

11 54 F Bone marrow transplantation, graft-vs-host disease 10 1 70

12 42 F Systemic lupus erythematosus, lupus cerebritis 311 0 80

13 74 F Polymyositis, corticosteroid, cyclophosphamide 2 0 0

14 79 M Polyangiitis, diabetes, renal insufficiency 621 0 50
KPSS = Karnofsky Performance Status Scale; N/A = not available.
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irradiation), and the remaining patients had predom-
inance of mononuclear cells; all patients in the
immunocompetent group had a mononuclear pre-
dominance (table 2).

Neuroimaging. All but one patient (un-interpretable
MRI due to motion artifact) in the immunocompro-
mised group had an abnormal brain MRI. The major-
ity (10 out of 12 patients, 78.6%) had either unilateral
(8 patients) or bilateral (3 patients) temporal lobe
involvement (figure, A). Three patients had additional
brainstem involvement, and 2 others had additional
cerebellar involvement. The remaining 2 patients had
widespread cortical involvement (figure, B), and one of
them also had brainstem abnormalities in addition to

widespread cerebral lesions. In the immunocompetent
group, temporal lobe abnormalities were observed in
every case. Contrast enhancement was evident in about

half of the patients in both groups.

Histopathology. Only 1 patient in our cohort (immu-
nocompromised group) had a brain biopsy in the set-
ting of recurrent HSE (6 episodes). Brain biopsy
showed gliosis and chronic inflammation only while
immunostaining for HSV was negative, a finding
confirmed at autopsy despite positive HSV PCR dur-
ing multiple relapses.

Acyclovir treatment. Eleven of 14 patients in the immu-
nocompromised group, compared to 11 of 15 patents

[ Figure MRI findings in patients with herpes simplex encephalitis

A

(A) High signal intensity lesions are seen in both temporal lobes involving the (I) insular cortices and (ll) hippocampi on T2 fluid-attenuated inversion recovery
(FLAIR) sequences, with (lll) gadolinium contrast enhancement in the temporal lobes and basal frontal lobes in an immunocompetent patient. (B) (I) High signal
intensity lesions on T2 FLAIR sequences in the cortical gyri in an immunocompromised patient (arrows). (Il) T1-weighted image without contrast and (IIl) with
contrast does not show any evidence of contrast enhancement in the lesions.
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in the immunocompetent group, completed a 21-day
course of acyclovir at 30 mg/kg/d. Five patients in the
immunocompetent group completed a 14-day course.
There were 6 deaths (16.2%): 5 (35.7%) in the immu-
nocompromised group and 1 (6.7%) in the immuno-
competent group.

Outcome. There was no significant difference in the
length of hospital stay between the 2 groups, averag-
ing about 2.5 weeks.

Two patients who had recurrent HSE were both
immunocompromised: one patient had 6 episodes of
recurrences, completed 3 cycles of 21-day regimen of
acyclovir, and 3 cycles of a 21-day course of foscarnet;
the other patient had completed 21 days of acyclovir
and developed recurrence 6 months later. Two patients
in the immunocompetent group relapsed within
1 month of an initial 14-day treatment. Three patients
(1 immunocompromised, 2 immunocompetent) re-
ceived corticosteroids in addition to acyclovir. They
had a moderate outcome (KPSS between 60 and 70)
despite delayed acyclovir administration with an average
delay of 7 days from late presentations to the hospital.

The outcome was worse in the immunocompro-
mised group (KPSS 39 * 33) compared to KPSS
61 £ 26 in the immunocompetent group (p < 0.05).
The mortality rate was almost 6 times as high in the
immunocompromised group (35.7%) compared to
the immunocompetent group (6.7%) (p = 0.05).
The time from onset of symptoms to time of death
was shorter, 17.6 & 2 days, in the immunocompro-
mised group compared to 30 days in the immuno-
competent patient.

In multivariate linear regression models (table e-1 on
the Neurology® Web site at www.neurology.org), every
increase in 10 cells/mm? of CSF white cell count was
associated with an increase in KPSS of 0.7. Every 1-day
delay in acyclovir administration from the time of hos-
pital admission was associated with a decrease in KPSS
of 10.2, after adjustment. Immunosuppressed state was
significantly associated with a decrease in KPSS of 22.1.
Age, gender, seizures, and bitemporal lesions on MRI
and the completion of acyclovir therapy were not asso-
ciated with outcome as measured by KPSS.

DISCUSSION This is the largest series of patients
reported in the literature on HSE in immunocompro-
mised patients and the first to directly compare the
presentation in immunocompromised and immuno-
competent states. Despite the retrospective nature
of our study, there are several important observations.
1) Immunocompromised patients may present with
less prodromal symptoms, and focal deficits. 2)
Immunocompromised adults have more extensive
involvement of the brain and abnormalities may
involve the brainstem, cerebellum, and atypical regions
including scattered lesions in the cerebrum, in the

absence of temporal lobe involvement. 3) Absence of
CSF pleocytosis was not uncommon in immunocom-
promised patients. 4) The morbidity and mortality of
HSE were substantially higher in the immunocompro-
mised group. 5) Immunocompromised state, lower
CSF pleocytosis, and delayed acyclovir administration
were associated with poor outcomes.

The extensive and contiguous areas of brain involve-
ment in the immunocompromised patients may reflect
awider spread of HSV due to hosts” ineffective immune
response to control the infection. This is further
reflected in the frequent absence of pleocytosis in the
CSF of immunocompromised patients as seen in
this and other reports.''* However, the absence of
pleocytosis may be also be seen, albeit rarely, in
immunocompetent patients, particularly if CSF is
evaluated early in the course of the illness.'™"> Addi-
tionally, in CSF, polymorphonuclear predominance
was noted in some immunocompromised patients.
These atypical features can make the diagnosis of
HSE in immunocompromised patients challenging.
Recurrence of herpes encephalitis may occur despite
adequate antiviral therapy in the immunocompromised
patients, likely because the antiviral drugs only prevent
viral replication and the immune system is needed to
eliminate the replicating virus or to maintain it in the
latent state.

Sporadic HSE is the most common form of non-
epidemic encephalitis in adults and the majority of
cases (94%-96%) are caused by HSV-1."' Latent
HSV-1 infections of the trigeminal ganglia, by retro-
grade axonal transportation from a primary infection
of the lip or buccal mucosa, were found in 65% of
normal individuals.’* HSV-1 genomic sequences were
also detected in the medulla, pons, olfactory bulbs, and
gyrus rectus in 28%-34% of normal individuals.'*"?
Although HSV-1 reactivation may occur by immuno-
suppression, the mechanism underlying the reactiva-
tion resulting in HSE is not well understood.

One hypothesis is that local breach of immune
surveillance in the instance of cranial irradiation leads
to reactivation of the latent virus in the ganglia and
the brain'%; and likewise, in a systemic immunocom-
promised state, reactivation of the virus may occur due
to the breakdown of immune surveillance. Recent evi-
dence suggests that HSV-1 may not achieve a true stage
of latency and immune surveillance is critical in pre-
venting its spread.’® The findings of a recent Swedish
nationwide retrospective study examining the inci-
dence, morbidity, and mortality did not suggest an
overrepresentation of immunocompromised hosts in
the cohort.” Some, however, have argued that the atyp-
ical presentation of HSE in immunocompromised in-
dividuals might have led to an underestimation of the
incidence in immunocompromised hosts.” Immuno-
suppression alone is probably not enough to cause
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reactivation, but may enhance reactivation in conjunc-
tion with other factors."”

Our literature review yielded 28 articles reporting
HSE in immunocompromised hosts (table e-2). Over-
all, 49 cases were reported, 27 cases predating the wide-
spread use of MRI and HSV PCR in the diagnosis
of HSE. Cases in which diagnoses were confirmed at
autopsy provided histopathologic characterization.
There is a broad spectrum of immunocompromised
conditions associated with HSE.

Atypical clinical manifestations have been previ-
ously reported in HIV-infected patients. HSE may pre-
sent as a diffuse non-necrotizing encephalitis involving
the hemispheres and brainstem.'®!? In earlier series,
about one-sixth of the patients (4 out of 24) had mild
or atypical disease characterized by the absence of focal
findings and slower progression, regardless of CD4+
T-cell counts.” In another series of 8 patients with
HIV infection/AIDS, the speed of disease progression
and lack of inflammation were proportional to the
degree of immunocompromised states. Patients with
advanced AIDS had chronic neurologic dysfunction
and diffuse leukoencephalopathy on autopsy.”!

Typical neuroimaging abnormalities involve the
medial temporal lobes, either unilaterally or bilaterally,
and spread along limbic pathways to involve the orbital
frontal lobe and insular cortex. With further spread,
cingulate gyri, parietal lobes, occipital lobes, brainstem,
and internal capsules may be involved.”> Atypical neu-
roimaging abnormalities have been reported frequently
in the literature, although this may represent a report-
ing bias. Some of the earlier case series and reports only
utilized CT brain scans. Unremarkable CT and MRI

were reported in Some,7*2°’23'24

while widespread signal
abnormalities throughout the brain, involving cortex,
basal ganglia, thalamus, brainstem, and cerebellum,
were reported in the others.”?>%¢

The extensive and rapid spread of the infection may
explain the lesser prodromal presentations and a short-
er delay between onset of symptoms and presentation
to the hospital in immunocompromised patients.

Clinicohistopathologic correlations in HSE differ
between immunocompromised and immunocompetent
patients. In typical HSE, fever and headache preceded
the development of encephalopathy and personality
change by 1-5 days. During the second week, inflam-
mation and necrosis appeared predominantly in medial
temporal and olfactory stria/inferior frontal lobes, cin-
gulate gyri, and occasionally pontine nuclei. By the third
week, there was extensive necrosis, inflammation, and
gliosis with scant HSV-1." In contrast, in immuno-
compromised hosts, there was a conspicuous lack of
inflammation, necrosis, and hemorrhage on histopathol-
ogy, with persistence of abundant viral antigens.”**+%
This may reflect the host’s inability to mount an ade-

quate immune response to limit the course of HSE in
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immunocompromised hosts, paradoxically limiting tis-
sue damage with the lack of frank necrosis. While an
intact immune system may mount an intense inflam-
matory response leading to significant CNS injury, the
lack of it severely hampers the ability to clear the infec-
tion, leading to increased morbidity and mortality. The
differing mechanistic pathogenesis may help explain the
atypical clinical presentations. More recently, primary
immunodeficiencies involving and related to mutations
in toll-like receptors (TLR-3) have been implicated in
the reactivation of HSV and HSE in children.*=" The
potential role of the innate immune response in the
pathogenesis of HSE in adults needs to be more fully
investigated.

HSE has been reported in 3 patients with rtheuma-
tologic disorders treated with anti—tumor necrosis
factor antibody therapies.”” Whether the immunosup-
pressive state predisposes to HSE is pertinent in this era
of increasing use of potent immunomodulatory thera-
pies. There was a fatal case of HSE during the clinical
trial for FTY720 in the treatment of multiple sclerosis
(MS). In the same clinical trial, the incidence of HSV
infection was reportedly twice as high in the higher dose
FTY720 group as compared to the placebo group.*
There was also at least one case of HSE fatality in a
patient treated with natalizumab, a monoclonal anti-
body against a-4 integrin for treatment of relapsing-
remitting MS in postmarketing surveillance (personal
communication, Biogen-Idec, 2011). In patients on
immunomodulatory therapies, a more systemic analysis
is required to determine if there is an increased risk of
HSE. Nonetheless, a high vigilance for HSE including
atypical presentations must be maintained.

We analyzed patients with different degrees, spec-
trum, and conditions of immunocompromised states
under one group. Descriptive analyses as attempted
in table 2 did not demonstrate patterns of clinical
presentation, or investigation or outcome across dif-
ferent spectrum and severity of immunosuppression.
The size of the study did not allow meaningful sub-
analyses and interpretation of clinical characteristics
of various conditions. However, this study served to
raise awareness of the potential increased risk, atypical
presentations, and worse outcomes among immuno-
compromised patients.

A limitation of our study is its retrospective
nature. In addition, HSV PCR performed in the clin-
ical laboratory at our institution did not routinely dis-
tinguish between HSV-1 and HSV-2. Only patients
who had HSV detectable by PCR were included in
this study, so it is possible that cases in which the viral
copy numbers were below the level of detection of
the PCR assay may have been excluded. This had
been reported in immunocompromised patients.**
The experience of our institute as a tertiary care center
may reflect a referral bias with an over-representation



of immunocompromised hosts. In addition, the high
proportion of immunocompetent patients transferred
from outside hospitals may reflect a sicker patient
cohort and may thus underestimate the difference
in outcome between the 2 groups. The literature
review may also be biased in selectively reporting cases
of atypical presentation of HSE in immunocompro-
mised hosts.

Thus, the immunodeficiency state may alter the
extent and magnitude of HSE-associated CNS injury.
HSE with atypical clinical presentations, CSF profile
of low white cell count or polymorphonuclear cells
predominance, and widespread MRI abnormalities were
more likely in immunocompromised hosts. HSE in im-
munocompromised hosts had a more rapid course of
progression with increased morbidity and mortality.
Immunocompromised state, lower CSF white cells, and
delayed administration of acyclovir were associated with
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