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Human herpes 6 virus encephalitis
complicating allogeneic hematopoietic
stem cell transplantation

ABSTRACT

Objective: To describe the presentation and management of encephalitis due to human herpes 6
virus (HHV-6) in patients who underwent allogeneic hematopoietic stem cell transplant (alloHSCT),
via retrospective chart review.

Methods: Of the 243 patients who underwent alloHSCT at the NIH Clinical Center during 2009 to
2011, we retrospectively analyzed 9 diagnosed with HHV-6 encephalitis post-alloHSCT.

Results: Eight men and 1 woman (aged 19–60 years) met diagnostic criteria for study inclusion. The
median time from HSCT to initial symptoms was 21 days. All patients presented with altered mental
status and headaches. Seven patients had amnesia and 2 presented with fever of unknown etiology.
Four patients had clinical seizures during the disease course. Brain MRI within 7 days was normal in
all patients. Repeat MRI after 7 days showed hyperintensity in the limbic area in 3 patients. On initial
testing, CSF analysis indicated acellularity and normal or minimally elevated protein; presence of
HHV-6 was detected by PCR. After 7 days, mildly elevated protein and minimal pleocytosis were
noted. Ganciclovir, foscarnet, or valganciclovir alone or in combination was initiated with subsequent
improvement. Four patients remained alive at 1 year posttransplant; 2 had persistent memory def-
icits. Presence of encephalitis was associated with higher mortality post-alloHSCT.

Conclusion: High clinical suspicion and CSF PCR testing are important for early diagnosis of HHV-6
encephalitis post-HSCT. Abnormalities on brain MRI or CSF testing may be minimal and delayed.
Diagnosis and management of HHV-6 encephalitis is challenging, and a larger prospective study is
needed for further research. Neurology� 2013;80:1494–1500

GLOSSARY
alloHSCT 5 allogeneic hematopoietic stem cell transplant; DOCK8 5 dedicator of cytokinesis 8; HHV-6 5 human herpes
6 virus; HSCT 5 hematopoietic stem cell transplant.

Primary infection with human herpes 6 virus (HHV-6) is generally acquired in early childhood,
manifesting as a febrile illness or benign rash, with estimated seroprevalence of .95% after age
2 years.1 The majority of infections are caused by HHV-6 subtype B.2,3 Similar to other herpes
viruses, HHV-6 remains latent in organs such as brain, kidneys, and salivary glands, and cells
such as T-lymphocytes, bone marrow progenitor cells, and microglia.1,4 In approximately 2% of
the population, viral DNA sequences are integrated into chromosomes.5 Viral reactivation
occurs in severely immune-compromised states such as hematopoietic stem cell transplantation,
solid organ transplantation, and HIV/AIDS, causing diverse clinical manifestations including
encephalitis, pneumonitis, thrombocytopenia, hepatitis, and fever. Interestingly, symptomatic
reactivation is more frequently noted in patients receiving hematopoietic stem cell transplanta-
tion compared with patients with HIV/AIDS.1 Neurologic infections due to HHV-6 can be
relatively unique and therefore difficult to diagnose.

Hematopoietic stem cell transplants (HSCT) are increasingly used to treat hematologic, onco-
logic, autoimmune, immunodeficiency, and genetic diseases.6 Up to 25% of patients develop
moderate to severe neurologic complications after allogeneic (allo)HSCT.7,8 Exposure to
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neurotoxic medications and disruption of
immunity as a part of the HSCT procedure
contribute to nervous system complications.9

In general, CNS infections post-alloHSCT have
been associated with higher mortality and
rejection rates, whereas long-term neurologic
morbidity remains unknown.5,6 Hence, in addi-
tion to characterizing the clinical presentation of
encephalitis due to HHV-6 infection, we inves-
tigated whether early diagnosis and treatment
influences mortality in alloHSCT recipients.

METHODS Study population. We identified a total of 243

patients (109 women and 134 men) who underwent HSCT at

the Clinical Center from 2009 to 2011. Indications for HSCT

were acute and chronic hematologic malignancies in 160 patients

(65.8%), bone marrow failure states or anemia in 34 (13.9%),

primary immunodeficiency conditions in 25 (10.2%), and solid

organ tumors in 24 (9.8%). Two hundred ten patients (86.4%)

received alloHSCT, 7 (2.8%) received cord stem cell transplants,

and 26 (10.6%) received autologous HSCT.

Of these 243 patients, we identified and performed retrospec-

tive chart review of 9 individuals (3.7%) who fulfilled the follow-

ing inclusion criteria for the diagnosis of HHV-6 encephalitis:

1) presence of clinical symptoms of encephalitis, i.e., altered men-

tal status, amnesia, or seizures; 2) presence of HHV-6 in the CSF

detected by PCR; and 3) exclusion of other primary neurologic

etiologies that could explain clinical symptoms or findings. We

recorded their demographic information, neurologic symptoms,

CSF and imaging findings, as well as treatment and prognosis.

An additional 2 patients had HHV-6 identified by PCR in the

CSF but did not meet the criteria for HHV-6 encephalitis and

were excluded from the study.

Standard protocol approvals, registrations, and patient
consents. This retrospective study was exempted from full review

by the Office of Human Subjects Research Protections at the

NIH because the data were extracted in de-identified form using

the Biomedical Translational Research Information System. How-

ever, all patients received HSCT as a part of an Institutional Review

Board–approved research protocol at the Clinical Center of the

NIH and had consented for using their research data or records.

HHV-6 testing in the blood and CSF. HHV-6 (subtypes

A and B) quantitative, real-time PCR was performed by extract-

ing DNA from a 200-mL aliquot of whole blood or CSF and

using primers and probes that amplify and detect a portion of the

viral DNA polymerase gene as described previously.7 The assay is

able to differentiate between subtypes A and B based on melt

curve analysis. The limit of detection of the PCR assay is 50

genome equivalents per 1.0 mL with a lower limit of the quan-

tifiable range of 250 genome equivalents per 1.0 mL.

Statistical analysis. Continuous variables were summarized

using descriptive statistics such as mean, median, minimum,

and maximum. Categorical data were summarized using fre-

quencies and percentages. A Kaplan-Meier survival analysis (or

Kaplan-Meier product limit estimate) was performed to estimate

survival curve. The date at which the patients were diagnosed

with HHV-6 encephalitis was defined as entry date. The survival

time was defined as the difference between the entry date and the

date at which the patient died. If a patient was alive at the time of

this study, the patient’s survival time was censored. Log-rank test

was used to compare survival curves of 2 groups: myeloablative vs

nonmyeloablative pre-HSCT conditioning, HHV-6 viral load

,100,000 and .100,000 copies/mL, use of a single antiviral

agent, and combination of antiviral agents for treatment. Cox

regression was used to assess the association between survival time

and patient age as well as duration of treatment.

RESULTS The 9 patients included 8men and 1woman
aged 19 to 60 years. The male predisposition was not
statistically significant with a p value of 0.0687. In
7 patients, HSCT was performed for hematologic
malignancies (leukemia and lymphomas) and in 2
patients, for hereditary immune disorders (dedicator
of cytokinesis 8 [DOCK8] deficiency and chronic
granulomatous disease). Eight patients received stem
cells from matched unrelated donors and 1 patient
from a related (sibling) donor. The patient with
DOCK8 deficiency received double umbilical cord
stem cells, whereas others received alloHSCT. Five pa-
tients received reduced intensity or nonmyeloablative
conditioning and 4 patients received ablative condi-
tioning pretransplantation.

The median time from date of transplant to onset of
symptoms was 21 days (range 6–145 days); median time
from onset of symptoms to diagnosis (detection of virus
in the CSF) was 7 days (range 1–13 days) (table 1).

Clinical presentation. All patients initially presented
with confusion and headaches. Only 2 had concom-
itant fever of unknown etiology. Common symptoms
reported by patients or family included personality
changes, irritability, apathy, intermittent confusion,
and forgetfulness. The neurologic examination in 7
patients revealed prominent anterograde amnesia,
confusion, variable levels of disorientation, inability
to follow complex commands, and bradyphrenia. Ini-
tial neurologic assessment in 2 patients was limited
because of intubation and/or sedation secondary to
cardiac condition. Four patients had postural hand
tremor on assessment (table 1).

Disease course. Seven of 9 patients were alert and awake
at the initial neurologic assessment, but advanced to
lethargy and somnolence with disease progression.
One patient was mildly lethargic at the time of presen-
tation and another patient remained intubated and
sedated. Four patients experienced clinical seizures and
concomitant epileptiform changes on EEG lateralizing
to the temporal area. Two patients developed postural
hand tremor during the disease course. One patient
developed impaired homeostasis and demonstrated wide
variations in temperature between 30°C and 38°C, fluc-
tuations of blood pressure and heart rate, as well as dia-
betes insipidus, suggesting hypothalamic involvement.

Seven patients were treated successfully with antiviral
agents, as demonstrated by improvement in their neuro-
logic examination and serial HHV-6 titers from the
CSF. One patient (case 5) died during the active phase
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of encephalitis. Two patients (cases 2 and 6) developed a
relapse or second episode of encephalitis 2 to 3 months
after adequate treatment of the initial episode. These pa-
tients had shown improvement in their neurologic
examination and serial HHV-6 CSF titers, but several
months later had the recurrence of neurologic symp-
toms. Repeat lumbar puncture showed HHV-6 viremia
in the CSF, requiring another course of treatment.

Neuroimaging. Brain MRI performed within the first
week after developing symptoms was normal in all 9
patients. Repeat imaging after 7 to 10 days of progres-
sion of clinical symptoms showed nonenhancing,
hyperintense lesions in the limbic structures on T2-
weighted images consistent with limbic encephalitis
in 3 of 9 patients. Repeat imaging in 4 patients
remained unremarkable up to 4 weeks. One patient
had nonspecific periventricular T2 lesions capping
the frontal horns of the lateral ventricles. Another
patient had borderline prominence of lateral ventricles
on repeat imaging. Serial MRIs after 4 weeks demon-
strated development of interval diffuse atrophy in 7
of 9 patients (figure 1, table 2).

CSF analysis. The CSF of 5 patients showed protein
levels of .45 mg/dL, with the highest level at 98
mg/dL. Two patients had mild pleocytosis of 9 and
27 cells/mL3 (predominantly lymphocytes) at diagno-
sis. In 2 patients with normal cell counts on initial

testing, serial CSF analysis showed mild subsequent
elevation with a maximal cell count of 9 cells/mL3.
CSF glucose was not fully analyzed because of inconsis-
tent recordings of concomitant serum glucose levels;
overall, minimal serum glucose changes were noted
and were considered to be noninformative (table 3).
In all patients presenting with encephalitis, CSF is tested
for cytomegalovirus, Epstein-Barr virus, JC virus,
HHV-6 and -7, herpes simplex virus, varicella-zoster
virus, toxoplasmosis, and Cryptococcus. Because HHV-6
subtype B is the only form routinely associated with
symptomatic disease, in patients with very high levels
of HHV-6 subtype A, blood is tested for chromosomal
integration of the virus, which was not the case for any
of the patients reported here. This is done by comparing
viral titers between blood and plasma; in cases in which
there is chromosomal integration, the whole blood titer
will be significantly higher.

Viral load. Eight of the 9 patients had HHV-6 viremia
in the peripheral blood as well as CSF. In 8 patients,
peripheral viremia preceded virus detection in the
CSF. There was no correlation between viral load
in the peripheral blood and the CSF. One patient
(case 9) had virus present in the CSF with negative vire-
mia. Another patient (case 2) had no detectable virus in
the peripheral blood during the course of treatment,
but continued to demonstrate virus in the CSF. There

Table 1 Patient demographics and clinical presentation

Case no. Age, y Sex
Indication
for HSCT

Pretransplant
conditioning

HSCT to symptom
onset, d

Symptom onset
to diagnosis, d Neurologic symptoms/findings

1 22 F DOCK8
deficiency

Non-MA 16 9 Forgetfulness, headache, irritability/disorientation,
0/3 recall progressed to lethargy, stupor, impaired
temperature regulation, diabetes insipidus, complex
partial seizures

2 60 M Mantle cell
lymphoma

Non-MA 21 8 Memory loss and headache/bradyphrenia, 2/3 recall,
tremor, seizure

3 43 M Large B cell
lymphoma

MA 38 4 Confusion, headache, irritability, impaired
memory/disorientation, bradyphrenia, 0/3
recall, generalized seizure; EEG: PLEDs

4 19 M CGD Non-MA 145 1 Somnolence, confusion, making bizarre statements/unable
to follow complex commands, 0/3 recall, bradyphrenia,
auditory hallucination; EEG: sharp triphasic waves

5 65 M ALL on CLL Non-MA 18 10 Headaches/intubated and sedated

6 46 M ALL MA 14 7 Memory loss, headaches/disorientation, impaired recall,
hand tremor, psychomotor slowing; neuropsychological
evaluation showed impaired verbal memory
and word finding

7 56 M AML MA 6 13 Intermittent confusion, diffuse jerking and
tremors/tremor, delirium

8 23 M ALL Non-MA 23 4 Impaired memory, headache, 1/3 recall progressed to
lethargy; neuropsychological evaluation showed impaired word
retrieval, inefficient and slow processing, deficits
in working memory

9 50 M ALL MA 50 7 Intermittent confusion, headache, fatigue,
dizziness/apathy, tremor, bradyphrenia

Abbreviations: ALL 5 acute lymphoblastic leukemia; AML 5 acute myeloid leukemia; CGD 5 chronic granulomatous disease; CLL 5 chronic lymphocytic
leukemia; DOCK8 5 dedicator of cytokinesis 8; HSCT5 hematopoietic stem cell transplant; MA5 myeloablative; PLEDs 5 periodic lateralized epileptiform
discharges.
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was no statistically significant correlation between the
viral loads at the time of diagnosis with adverse clinical
outcome of death (table 3).

Treatment. Antiviral agents, either ganciclovir or fos-
carnet, administered IV were used empirically in all
patients as first-line therapy. Three patients who
showed clinical progression together with suboptimal
reduction of viral load in the CSF on single antiviral
therapy were consequently treated with a combina-
tion of ganciclovir and foscarnet. One patient had

HHV-6 viremia and clinical symptoms develop while
receiving IV cidofovir therapy for severe warts. Therapy
varied from 5 to 92 days (median 40 days) and de-
pended on clinical response and reduction in viral load
to undetectable levels in the CSF on serial monitoring.
In general, patients with milder disease and lower viral
load (low positive, ,250 copies) received a shorter
course of antiviral agents (5–11 days) (table 4). There
was no statistically significant correlation between dura-
tion of therapy or use of single agent vs combination
therapy and survival.

Prognosis and follow-up. Five of 9 patients in the
cohort did not survive as of August 2012. Median
time from transplantation to death was 147 days
(range 32–302 days) and the median time from the
diagnosis of HHV-6 encephalitis to death was 127
days (range 5–277 days). The most common cause of
mortality was bacterial sepsis in the context of bone
marrow suppression or relapse of underlying malig-
nancy or conditioning for retransplantation. Only
one patient had ongoing encephalitis at the time of
death. In the other 4 patients, a median of 86 days
(range 0–264 days) was noted between the comple-
tion of treatment and resolution of encephalitis
(defined by clinical improvement and no virus detec-
tion by PCR in the CSF) and death. Autopsy data
were available for only one patient (case 1). In this
patient, mental status had improved on antiviral treat-
ment, which was continued until her death due to
multiorgan failure related to fungal sinusitis and
pneumonia. At autopsy, there was no evidence of
active encephalitis in the brain, but instead gliosis
was seen in the hippocampus, hypothalamus, and
basal ganglia (table 4).

Using the Kaplan-Meier survival analysis, the prob-
ability of survival at 127 days is 67%, that at 153 days is
56%, and that over 277 days is 37% (figure e-1 on the
Neurology®Web site at www.neurology.org). There was
no correlation between mortality and age, pretransplant
conditioning (myeloablative vs nonmyeloablative), high
or low viral load in the CSF at the time of presentation
(,100,000 vs .100,000 copies/mL), duration of
antiviral therapy, or use of single antiviral agents vs
the combination therapy (figure e-1).

Of the 4 patients who survived, 2 (50%) continued
to have persistent memory deficits and anterograde
amnesia for up to 2 years.

DISCUSSION Establishing a diagnosis and making a
decision to initiate treatment for HHV-6 encephalitis
post-alloHSCT are challenging. Typical clinical pre-
sentation and radiologic findings of limbic encephali-
tis10,11 were seen only in one-third (3 of 9) of the
patients in our cohort, and did not correlate with
the viral load in the CSF. The majority of our patients

Figure 1 Serial MRIs at <7 days, 7 days to 4 weeks, and after 4 weeks, with
limbic encephalitis (A) and without limbic encephalitis (B)

Neurology 80 April 16, 2013 1497



presented with symptoms of nonspecific encephalop-
athy with minimal changes on neuroimaging (brain
MRI) and CSF, but the diagnosis seemed likely
because of detection of HHV-6 in the CSF by
PCR, exclusion of other neurologic etiologies (e.g.,
toxic-metabolic encephalopathy or other viral
encephalitis), and clinical improvement with antiviral
agents. In cases with low CSF viral loads (,250 cop-
ies/mL), other CSF abnormalities such as high pro-
tein or cell count were considered while establishing a
diagnosis. This suggests that there may be a broader
spectrum of clinical presentations, not limited to limbic
encephalitis, that are associated with this condition and
need further characterization. Severe immunosuppres-
sion and inability to mount an adequate immune
response to viral agents in the posttransplant period

could potentially explain the paucity of findings on
imaging and CSF. There was no correlation between
clinical symptoms of limbic encephalitis or severity of
alteration in consciousness and viral load in the CSF.
This adds to the ambiguity and difficulty in making a
diagnosis with certainty, especially in cases of low CSF
viral loads, and raises the question on significance of the
viral load in the CSF and whether it can be used as a
reliable biomarker.

The rather “ubiquitous” nature of HHV-6 and the
incidence of asymptomatic virus in the CSF also pose
a diagnostic challenge. We found 2 posttransplant cases
in which HHV-6 was detected in the CSF but these
patients had neurologic manifestations that were impli-
cated to other neurologic infections, and thus were
excluded from this study. One patient had multiple

Table 2 Findings on brain MRI

Case no. Brain MRI in the first 7 d Brain MRI 7 d to 4 wk Brain MRI after 4 wk

1 Normal T2/FLAIR hyperintensity with enhancement in bilateral insular
and temporal areas and hypothalamic involvement on serial scans

T2/FLAIR hyperintensities resolved, diffuse atrophy

2 Normal Subtle T2/FLAIR hyperintensity in the medial temporal lobes,
diffuse cortical atrophy

Prominent lateral ventricles, generalized atrophy

3 Normal T2/FLAIR hyperintensity and enhancement of hippocampal
area bilaterally

Resolution of hyperintense and enhancing lesions,
diffuse atrophy

4 Normal Normal Diffuse atrophy

5 Normal except borderline
prominence of lateral ventricles

Not done NA; patient did not survive

6 Normal; incidental pituitary
adenoma

Normal with no interval change Normal with no interval change

7 Normal Mild interval diffuse atrophy; T2 lesions capping frontal horns
of lateral ventricles

NA; patient did not survive

8 Normal Mild interval diffuse atrophy Extensive subcortical white matter changes
secondary to interval intraventricular chemotherapy

9 Normal except acute sinusitis Normal except mastoiditis and sinusitis Normal except changes in the sinuses and
mastoid bone

Abbreviations: FLAIR 5 fluid-attenuated inversion recovery; NA 5 not applicable.

Table 3 Findings on serial analysis of the CSF

Case no.

CSF findings at the time of diagnosis CSF in first 7 d CSF 7 d to 4 wk

Protein
(mg/dL)

Cell count
(cells/mL)

HHV-6 viral load
(copies/mL)

Highest
protein (mg/dL)

Highest cell
count (cells/mL)

Highest
protein (mg/dL)

Highest cell
count (cells/mL)

1 47 27 758,500 60 27 71 6

2 64 3 10,500 64 3 65 1

3 49 4 1,510 49 3 43 9

4 98 2 Low positive (,250) 98 2 113 1

5 38 1 Low positive (,250) 38 1 Not done Not done

6 28 3 339,850 28 3 42 7

7 46 0 500 46 0 31 0

8 Not done Not done 3,650 NA NA 21 1

9 39 9 Low positive (,250) 39 9 Not done Not done

Abbreviations: HHV-6 5 human herpes 6 virus; NA 5 not applicable.
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cardioembolic strokes and suspected varicella-zoster
virus vasculitis, which was treated with acyclovir, and
received no treatment with the other above-mentioned
antiviral agents. He died secondary to multiple systemic
infections and sepsis. Another patient had cytomegalo-
virus meningitis characterized by neck pain, stiffness,
and headache, but no evidence of encephalitis clinically
or on autopsy. HHV-6 reactivation has been associated
with other viral reactivations in patients who under-
went HSCT.12,13 The role of HHV-6 in the pathophys-
iology of these viral infections is not clear.

Although effective for encephalitis, prolonged IV
use of antiviral agents such as ganciclovir, valganciclo-
vir, and foscarnet can cause significant bone marrow
suppression and renal toxicity, which may affect mor-
tality. The marrow toxicity contributes to graft failure
and delayed engraftment. Hence, the decision to ini-
tiate these agents is challenging, and physicians must
weigh the need to treat the infection against the risk
of graft failure or renal toxicity and concern for devel-
oping resistance. Moreover, there are no guidelines or
consensus on indications to initiate treatment with
antiviral agents, impact of early vs delayed treatment,
or optimal duration of treatment. Further data are
also needed on the incidence or risk of relapse and
role of secondary prophylaxis to prevent such a
relapse, if any. The natural history of the disease
largely remains unknown at this time. Thus, cur-
rently, the management of HHV-6 encephalitis
complicating HSCT is challenging and the clinical
decisions are best made considering the clinical pre-
sentation, toxicity profile, and experience of the treat-
ing clinician in conjunction with multidisciplinary
input from all members of the transplant team.

Our series shows that 55.5% of the patients who
developed HHV-6 encephalitis did not survive, com-
pared with an overall 28.4%mortality among the 243

alloHSCT recipients. Thus, the mortality in patients
who develop encephalitis during the post-alloHSCT
period is much higher and is consistent with other
reports.14,15 Eight patients in our cohort were ade-
quately treated for viral encephalitis at the time of
death. No statistical significance was noted on analysis
of correlations between death and viral loads, duration
of antiviral agents, or use of single or combination
antiviral agents. This suggests that even though
encephalitis was not the direct cause of death, there
was an association with overall higher mortality, and
the causal factor(s) influencing mortality in these
patients remains an important unanswered question
for further investigation.

Two major limitations of this study are its retro-
spective nature and small sample size. However, we at-
tempted to explore and provide preliminary data to
systematically characterize a phenotypic spectrum and
address current challenges associated with diagnosis
and management of this emerging infection. The
unique observations made in this study are possible
because at the NIH our clinical laboratory is set up
to conduct viral loads for HHV-6 in blood and CSF
and we have a large population of immunocompro-
mised patients who get tested for HHV-6 if they have
any neurologic manifestations. We also have excellent
follow-up on these patients. However, a prospective
study addressing these challenges, the development of
appropriate clinical/neurologic outcome measures and
sensitive biomarkers to detect viral pathogenicity in the
CNS infection, as well as guidelines for treatment of
patients undergoing alloHSCT affected with encephalitis
secondary to HHV-6 are greatly needed at this time.
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members who seek guidance on their career path. AAN Mentor Connect needs volunteer Mentors
who are willing to share their expertise, insights, and experiences with Mentees.

This flexible program, available only to AAN members, matches prospective Mentors and Mentees,
and enables you to develop a plan with the Mentee that has a mutually agreeable schedule and
expectations.

Enjoy the personal satisfaction of making a valued contribution to the career of a fellow AAN
member. Visit www.aan.com/view/Mentor to learn more and register to be a Mentor today.
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