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coincident plasma levels. The usual dose for treatment of severe 897
neurologic illnesses is 5 mg/kg every 12 h given intravenously at
a constant rate over 1 h. Induction therapy is followed by maintenance therapy of 5 mg/kg every day for an indefinite period.
Induction therapy should be continued until patients show a
decline in CSF pleocytosis and a reduction in CSF CMV DNA copy
number on quantitative PCR testing (where available). Doses should
be adjusted in patients with renal insufficiency. Treatment is often
limited by the development of granulocytopenia and thrombocytopenia (20–25%), which may require reduction in or discontinuation
of therapy. Gastrointestinal side effects, including nausea, vomiting,
diarrhea, and abdominal pain, occur in ~20% of patients. Some
patients treated with ganciclovir for CMV retinitis have developed
retinal detachment, but the causal relationship to ganciclovir treatment is unclear. Valganciclovir is an orally bioavailable prodrug that
can generate high serum levels of ganciclovir, although studies of its
efficacy in treating CMV CNS infections are limited.
Foscarnet is a pyrophosphate analogue that inhibits viral DNA
polymerases by binding to the pyrophosphate-binding site.
Following intravenous infusion, CSF concentrations range from 15
to 100% of coincident plasma levels. The usual dose for serious CMVrelated neurologic illness is 60 mg/kg every 8 h administered by
constant infusion over 1 h. Induction therapy for 14–21 days is followed by maintenance therapy (60–120 mg/kg per day). Induction
therapy may need to be extended in patients who fail to show a
decline in CSF pleocytosis and a reduction in CSF CMV DNA copy
number on quantitative PCR tests (where available). Approximately
one-third of patients develop renal impairment during treatment,
which is reversible following discontinuation of therapy in most,
but not all, cases. This is often associated with elevations in serum
creatinine and proteinuria and is less frequent in patients who are
adequately hydrated. Many patients experience fatigue and nausea.
Reductions in serum calcium, magnesium, and potassium occur in
~15% of patients and may be associated with tetany, cardiac rhythm
disturbances, or seizures.
Cidofovir is a nucleotide analogue that is effective in treating
CMV retinitis and equivalent to or better than ganciclovir in some
experimental models of murine CMV encephalitis, although data
concerning its efficacy in human CMV CNS disease are limited. The
usual dose is 5 mg/kg intravenously once weekly for 2 weeks, then
biweekly for two or more additional doses, depending on clinical
response. Patients must be prehydrated with normal saline (e.g., 1 L
over 1–2 h) prior to each dose and treated with probenecid (e.g., 1 g
3 h before cidofovir and 1 g 2 and 8 h after cidofovir). Nephrotoxicity
is common; the dose should be reduced if renal function
deteriorates.
Intravenous ribavirin (15–25 mg/kg per day in divided doses
given every 8 h) has been reported to be of benefit in isolated cases
of severe encephalitis due to California encephalitis (La Crosse) virus.
Ribavirin might be of benefit for the rare patients, typically infants
or young children, with severe adenovirus or rotavirus encephalitis
and in patients with encephalitis due to LCMV or other arenaviruses.
However, clinical trials are lacking. Hemolysis, with resulting anemia,
has been the major side effect limiting therapy.
No specific antiviral therapy of proven efficacy is currently available for treatment of WNV encephalitis. Patients have been treated
with a-interferon, ribavirin, an Israeli IVIg preparation that contains
high-titer anti-WNV antibody (Omr-IgG-am) (www.clinicaltrials.gov,
identifier NCT00069316 and 0068055), and humanized monoclonal
antibodies directed against the viral envelope glycoprotein (www
.clinicaltrials.gov, identifier NCT00927953 and 00515385). WNV chimeric vaccines, in which WNV envelope and premembrane proteins
are inserted into the background of another flavivirus, are already
undergoing human clinical testing and have been found to be
both safe and immunogenic in healthy adults but have not yet
been tested for disease prevention in humans (www.clinicaltrials
.gov, identifier NCT00746798, 00442169, 00094718, and 00537147).
Both chimeric and killed inactivated WNV vaccines have been found
to be safe and effective in preventing equine WNV infection, and
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Host cell enzymes then phosphorylate this compound to form a
triphosphate derivative. It is the triphosphate that acts as an antiviral
agent by inhibiting viral DNA polymerase and by causing premature
termination of nascent viral DNA chains. The specificity of action
depends on the fact that uninfected cells do not phosphorylate
significant amounts of acyclovir to acyclovir-5’-monophosphate. A
second level of specificity is provided by the fact that the acyclovir
triphosphate is a more potent inhibitor of viral DNA polymerase
than of the analogous host cell enzymes.
Adults should receive a dose of 10 mg/kg of acyclovir intravenously every 8 h (30 mg/kg per day total dose) for 14–21 days.
CSF PCR can be repeated at the completion of this course, with
PCR-positive patients receiving additional treatment, followed by a
repeat CSF PCR test. Neonatal HSV CNS infection is less responsive to
acyclovir therapy than HSV encephalitis in adults; it is recommended
that neonates with HSV encephalitis receive 20 mg/kg of acyclovir
every 8 h (60 mg/kg per day total dose) for a minimum of 21 days.
Prior to intravenous administration, acyclovir should be diluted to
a concentration ≤7 mg/mL. (A 70-kg person would receive a dose of
700 mg, which would be diluted in a volume of 100 mL.) Each dose
should be infused slowly over 1 h, rather than by rapid or bolus infusion, to minimize the risk of renal dysfunction. Care should be taken
to avoid extravasation or intramuscular or subcutaneous administration. The alkaline pH of acyclovir can cause local inflammation
and phlebitis (9%). Dose adjustment is required in patients with
impaired renal glomerular filtration. Penetration into CSF is excellent, with average drug levels ~50% of serum levels. Complications
of therapy include elevations in blood urea nitrogen and creatinine
levels (5%), thrombocytopenia (6%), gastrointestinal toxicity (nausea, vomiting, diarrhea) (7%), and neurotoxicity (lethargy or obtundation, disorientation, confusion, agitation, hallucinations, tremors,
seizures) (1%). Acyclovir resistance may be mediated by changes in
either the viral deoxypyrimidine kinase or DNA polymerase. To date,
acyclovir-resistant isolates have not been a significant clinical problem in immunocompetent individuals. However, there have been
reports of clinically virulent acyclovir-resistant HSV isolates from
sites outside the CNS in immunocompromised individuals, including those with AIDS.
Oral antiviral drugs with efficacy against HSV, VZV, and EBV,
including acyclovir, famciclovir, and valacyclovir, have not been
evaluated in the treatment of encephalitis either as primary therapy or as supplemental therapy following completion of a course
of parenteral acyclovir. A recently completed National Institute
of Allergy and Infectious Disease (NIAID)/National Institute of
Neurological Disorders and Stroke–sponsored phase III trial of
supplemental oral valacyclovir therapy (2 g tid for 3 months)
following the initial 14- to 21-day course of therapy with parenteral acyclovir (www.clinicaltrials.gov, identifier NCT00031486)
was terminated early due to low enrollment. Although analysis
was compromised due to low numbers, no differences were
seen in the 12-month endpoints including dementia rating scale,
mini-mental state exam, and Glasgow coma score in patients
receiving valacyclovir versus placebo. The role of adjunctive intravenous glucocorticoids in treatment of HSV and VZV infection
remains unclear, with most guidelines considering the existing
supportive evidence weak and recommendation for possible use
based on expert opinion only.
Ganciclovir and foscarnet, either alone or in combination, are
often used in the treatment of CMV-related CNS infections, although
their efficacy remains unproven. Cidofovir (see below) may provide
an alternative in patients who fail to respond to ganciclovir and
foscarnet, although data concerning its use in CMV CNS infections
are extremely limited.
Ganciclovir is a synthetic nucleoside analogue of 2’-deoxyguanosine.
The drug is preferentially phosphorylated by virus-induced cellular
kinases. Ganciclovir triphosphate acts as a competitive inhibitor of
the CMV DNA polymerase, and its incorporation into nascent viral
DNA results in premature chain termination. Following intravenous
administration, CSF concentrations of ganciclovir are 25–70% of
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