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Case Study

Introduction

Human herpesvirus-6 (HHV-6), a member of the Herpesviridae 
family, is generally acquired between the ages of 6 and 15 
months, accounting for 20% of all acute fevers in children 
between 6 and 12 months old, and is the causative agent for 
exanthem subitem1. Like other HHVs, HHV-6 is capable of 
establishing latency within different anatomic sites such as 
the salivary glands and brain1. Chronic low levels of viral rep-
lication result in very low levels of HHV-6 DNA with an esti-
mated seroprevalence of >95% in the adult population1. 
HHV-6 is divided into two similar subtypes, HHV-6A and 
HHV-6B, with the latter being more associated with reactiva-
tion events2.

Immunocompromised patients who have undergone allo-
geneic hematopoietic stem cell transplant (alloHSCT) have 
demonstrated HHV-6 reactivation at a rate of 40%–50%3. 
However, the true rate of HHV-6 reactivation is unknown as 
it is infrequently tested. HHV-6 reactivation has the potential 
to cause encephalitis demonstrated by the presence of HHV-6 
in the cerebrospinal fluid (CSF)4 or the astrocytes of white 

matter in the cerebral cortex and hippocampus without other 
pathogens5,6.

HHV-6 encephalitis is an uncommon but serious conse-
quence following alloHSCT, with an overall incidence rang-
ing from 0% to 11.6%, occurring from 2 to 6 weeks following 
HSCT7. Outcomes of HHV-6 encephalitis in this population 
are poor with a mortality rate of 20%–40%7,8. A high pro-
portion of patients can suffer from short- and long-term 
central nervous system (CNS) sequelae, ranging from overt 
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Abstract
A patient with an ultimate diagnosis of human herpesvirus-6 (HHV-6) encephalitis developed central nervous system (CNS) 
symptoms 13 days after undergoing myeloablative haploidentical allogeneic hematopoietic stem cell transplant (HSCT). Due 
to the patient’s body habitus, magnetic resonance (MR) imaging was not obtained until the onset of retrograde amnesia on 
day +24. MR imaging and other clinical findings eliminated all skepticism of HHV-6 encephalitis and HHV-6 antivirals were 
initiated on day +28, leading to gradual recovery. This case demonstrates some of the factors that may complicate the 
diagnosis of post-alloHSCT HHV-6 encephalitis. Because HHV-6 encephalitis and viremia can occur without warning, a single 
negative study should not exclude future development, especially if CNS symptoms are present. Acute graft-versus-host 
disease and cord blood transplantation are both significant risk factors for HHV-6 encephalitis. Human leukocyte antigen 
(HLA) mismatch, engraftment complications, or certain HLA alleles have also been associated with HHV-6 encephalitis. 
Chromosomally integrated HHV-6 must also be ruled out to prevent inappropriate and potentially harmful administration 
of antivirals. Due to the severe short- and long-term sequelae of HHV-6 encephalitis, appropriate treatment should be 
administered as soon as possible.
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seizures to dysthesia7. Syndrome of inappropriate anti
diuretic hormone with hyponatremia are other possible 
sequelae9. Mortality can also result from complications 
directly or indirectly associated with HHV-6 reactivation, 
such as acute graft-versus-host disease (aGVHD) or devel-
opment of secondary infectious diseases10.

We report a case following myeloablative haploidentical 
HSCT where several factors, including the patient’s body 
habitus, increased the difficulty of arriving at the ultimate 
diagnosis of HHV-6 encephalitis. In addition, we briefly 
review the most recent literature to highlight important clini-
cal nuances of post-alloHSCT HHV-6 encephalitis to con-
sider in this setting.

Case Report

A 36-year-old morbidly obese female with past medical  
history of acute myeloid leukemia (AML) and status post 
7+3 induction chemotherapy achieved a first complete 
remission without minimal residual disease (MRD) by multi
color flow cytometry. She underwent high-dose cytarabine 
(HiDAC) consolidation, but unfortunately developed MRD. 
Additional chemotherapy of decitabine and venetoclax 
started on day −66 led to eradication of MRD on day −31 
and the patient was admitted to the hospital for myeloabla-
tive HSCT. The patient received a haploidentical peripheral 
blood stem cell transplant from her sister, a human leuko-
cyte antigen (HLA)-matched grade to donor at high resolu-
tion of 5/10. The CD34+ cell quantity was 5–7 × 106/kg. 
The patient received fludarabine and melphalan-140 mg/m2 
conditioning regimen before infusion of stem cells on days 
-6 to -1. Graft-versus-host disease (GVHD) prophylaxis 
consisted of post-transplant cyclophosphamide (PTCy), 
tacrolimus, and mycophenolate mofetil (MMF) on days +3 
and +4. Letermovir was given for cytomegalovirus (CMV) 
prophylaxis.

On day +13, the patient developed photophobia, halluci-
nations, and a rash on her back and chest that was erythe
matous and blanching. Liver enzymes were also elevated. 
Since the transplant, the patient had also suffered diarrhea. 
Concerns for liver, gastrointestinal, and skin aGVHD led to 
initiation of 2 mg/kg methylprednisolone. In addition, tacro-
limus was held with concerns for posterior reversible enceph-
alopathy syndrome (PRES). However, a magnetic resonance 
imaging (MRI) was not done due to the patient’s body habi-
tus. It should also be noted that the patient’s absolute neutro-
phil count, white blood cells, and platelets were still critical 
at this point. Frequent platelet infusions were also required, 
showing minimal response. Engraftment would not occur 
until day +32. Symptoms and labs appeared to improve over 
the following 2 days following methylprednisolone and 
withdrawal of tacrolimus.

On day +24, the patient experienced new-onset retro-
grade amnesia. She was not able to recall her cancer diagno-
sis, what she was in the hospital for or other events within the 

past 2 years but was able to recall remote memories includ-
ing her parents’ and significant other’s names. The differen-
tial diagnosis included drug-induced altered mental status 
(e.g., calcineurin inhibition, fludarabine from the condition-
ing regimen), and infection, now including HHV-6 among 
other pathogens. On day +24, IgG (1:10) and IgM (<1:20), 
antibodies for HHV-6 were not suggestive of active infec-
tion. A computed tomography scan of the head revealed no 
acute changes and Electroencephalogram (EEG) was with 
diffuse slowing, but no specific findings. Tacrolimus was 
again held, and a lumbar puncture was performed, demon-
strating protein 31 mg/dl, glucose 103 mg/dl, red blood cells 
180/µl. On day +25, the patient’s CSF was shown to be posi-
tive for HHV-6 by qualitative multiplex polymerase chain 
reaction (PCR) assay and the quantitative assay was pending. 
Initially, the interdisciplinary team thought viral encephalitis 
was less likely given the concerns for the specificity of the 
qualitative assay and the normal CSF. Offsite MR imaging 
machines that could accommodate the patient’s body habitus 
were eventually identified. The MRI (Fig. 1) revealed abnor-
mal symmetric diffusion T2 hyperintensity involving the 
bilateral hippocampus and amygdala, suggesting viral 
encephalitis. This MRI also ruled out potential fludarabine 
and tacrolimus neurotoxicity. The imaging and clinical find-
ings were consistent with HHV-6 encephalitis, eliminating 
previous skepticism.

Concerns for the high mortality and morbidity for HHV-6 
encephalitis led to initiation of a course of foscarnet from 
day +28 to +38 initially at 60 mg/kg q8h and then 90 mg/kg 
q12h to facilitate discharge planning. The medication was 
switched to ganciclovir 5 mg/kg q12h (adjusted for renal 
dosing) on day +38 to complete the 3-week course primarily 
due to acute kidney injury and electrolyte abnormalities. 
After initiation of foscarnet, mentation improved, and the 
patient was able to form new memories, but remained unable 
to recall the past 2 years of her life. She was able to gain 
perspective on what she had gone through by reviewing 
social media posts.

On day +31, 3 days after the initiation of foscarnet, repeat 
HHV-6 serum was again negative. The first quantitative 
assay returned a week later revealing a positive HHV-6 viral 
load of 51,200 copies/ml. As an aside, CMV was also 
detected in the serum at 49.9 copies/ml, but not the CSF.

Of note, during this process, the patient also exhibited 
another herpesvirus, CMV, reactivation, with fluctuating, but 
overall up-trending titers throughout the course of antiviral 
treatment. However, this was low-level positivity and, 
therefore, unconcerning. CMV tests ranged from 52.4 to 776 
copies/ml from days +28 to +55.

On day +41, the patient was discharged from the hospital. 
The patient was tapered off steroid treatment on day +55 for 
the now resolved episode of GVHD and is continuing tacro-
limus and completing the course of ganciclovir for both 
CMV viremia and HHV-6 encephalitis. Due to poor kidney 
function, ganciclovir dosing was adjusted again to 2.5 mg/kg 
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q12h. The patient still exhibited some residual cognitive 
deficits, but with significant clinical improvement. Repeat 
quantitative and qualitative LPs were negative on day +66.

Diagnosis of HHV-6 Encephalitis

Diagnosing HHV-6 in post-HSCT patients can be challeng-
ing due to the possibility of neurologic manifestations being 
attributed to other causes with similar presentations, such as 
PRES11, other infection, or drug toxicity12. In addition, the 
presence of HHV-6 in the CSF may not always be associated 
with CNS dysfunction and encephalitis12. Thus, diagnosis of 

post-HSCT HHV-6 encephalitis should meet all the follow-
ing criteria: (1) presence of CNS symptoms, (2) positive CSF 
PCR results for HHV-6 DNA, and (3) the absence of other 
identified causes of CNS dysfunction13. It is also worth not-
ing that a qualitative CSF assay may give a positive result 
because of a low, clinically insignificant viral load. A quanti-
tative CSF assay better characterizes the degree of HHV-6 
involvement in the CSF.

MRI can also be a very useful diagnostic tool. The MRI 
findings of this patient are consistent with previous reports 
of HHV-6 encephalopathy, including, but not limited to, 
medial temporal lobe involvement14–17. However, HHV-6 

Figure 1.  Axial, coronal, and sagittal MRIs demonstrating abnormal symmetric T2/Fluid attenuated inversion recovery (FLAIR) hyperintense 
signal involving the hippocampus and amygdala bilaterally with associated faint restricted diffusion. MRI: magnetic resonance imaging.
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encephalitis may not always be accompanied by radiologic 
correlates, especially when MRI is performed shortly after 
symptom onset17–19, so negative MRIs do not exclude 
HHV-6 encephalitis. Thus, repeating an early negative MRI 
may be beneficial.

Besides positive HHV-6 DNA by PCR, an otherwise nor-
mal CSF examination, such as with our case, is possible as 
well and does not exclude HHV-6 encephalitis17. In addition, 
increased levels of plasma HHV-6 DNA have been associated 
with an increased risk of developing HHV-6 encephalitis. 
Plasma HHV-6 DNA ≥10,000 copies/ml has offered a 100% 
sensitivity rate for identifying HHV-6 encephalitis20. Regular 
monitoring of HHV-6 DNA in plasma in high-risk patients 
may assist in the early diagnosis of HHV-6 encephalitis. 
However, the kinetics of HHV-6 encephalitis are dynamic. It 
is possible for HHV-6 encephalitis to develop suddenly before 
the presence of high levels of HHV-6 DNA in the plasma4. 
Clinical signs of HHV-6 encephalitis may develop even 
before a rise in plasma viremia levels. This is likely why mon-
itoring HHV-6 plasma viremia levels is not always successful 
at predicting or preventing the development of HHV-6 
encephalitis21. Viral burden within brain tissue as high as 
10,000 copies/million cells without any presence of viral load 
in the plasma or serum is possible22. Thus, low-plasma HHV-6 
viremia levels do not exclude development of HHV-6 enceph-
alitis and higher-plasma HHV-6 viremia levels increase the 
risk of HHV-6 encephalitis. A recent retrospective database 
study also found that the CSF/blood HHV-6 viral replication 
ratio to be >1 exclusively in post-HSCT patients diagnosed 
with HHV-6 encephalitis. Thus, this clinical value was sug-
gested to potentially distinguish some cases of HHV-6 
encephalitis in patients having low CSF viral loads, lack of 
radiologic features, or otherwise ambiguous cases. However, 
in this study, there were only 7 individuals out of 926 who 
were diagnosed with HHV-6 encephalitis. More studies may 
be needed to verify this finding18.

In our patient, there was no sign of active HHV-6 infection 
at the onset of amnesia by serology. However, serology is not 
as useful in determining active infection as detection of viral 
DNA or transcripts by reverse transcriptase-polymerase chain 
reaction (RT-PCR)23, so it is unknown whether our patient 
reactivated HHV-6 and developed encephalitis very suddenly, 
or whether active infection in the CSF/plasma could have 
been detected at the first signs of CNS symptomology at day 
+13. The patient’s body habitus also deterred imaging stud-
ies early on, which may have suggested HHV-6 encephalitis 
sooner. Given the dynamic nature of the development of 
HHV-6 encephalitis, vigilance is required for all patients.

HHV-6 Reactivation Post-HSCT and 
Risk Factors for HHV-6 Encephalitis

HHV-6 reactivation following HSCT has been linked with 
adverse outcomes such as aGVHD [hazard ratio (HR) = 
2.65 95% confidence interval (CI): 1.89–3.72; P < 0.001]24 

or engraftment complications7,25. A large-scale retrospective 
study found acute GVHD grades II to IV to be a significant 
risk factor for HHV-6 post-transplantation acute limbic 
encephalitis (aHR = 7.5, P < 0.001)26. Engraftment syn-
drome has also been associated with the development of 
HHV-6 encephalitis.7 HHV-6 reactivation is also becoming 
increasingly associated with delayed T-cell reconstitution, 
CMV reactivation following HHV-6 reactivation, and idio-
pathic pneumonia syndrome25. Similar to engraftment syn-
drome and aGVHD, other HHV-6-related sequelae may also 
have a relationship with HHV-6 encephalitis, which warrants 
further investigation. While end-organ disease has been 
reported in relation to HHV-6, the relationship is not well 
supported25,27.

Presence of a HLA-mismatched donor was found to be an 
independent significant risk factor for HHV-6 reactivation 
[odds ratio (OR) = 4.5, P = 0.008], but not encephalitis28. 
However, a subsequent larger study found that HLA-
mismatch was an independent risk factor of HHV-6 encepha-
litis (aHR 4.3, P = 0.04)26. Small-scale studies also show a 
higher incidence of HHV-6 encephalitis in haploidentical as 
compared to HLA-identical HSCT patients29,30. In this con-
text, an HLA-mismatch is defined as the mismatch of at least 
one of six antigen classes among HLA-A, B, and DR31. 
Yamamoto et  al.31 also found that patients with the 
HLA*B40:06 allele were at high risk for developing HHV-6 
encephalitis (OR = 31.1, P = 0.027).

Umbilical cord blood transplant (CBT) has been identi-
fied as a significant independent risk factor for HHV-6 
encephalitis in a large retrospective study of 1,344 patients 
[aHR = 20.0; 95% CI: 7.3–55.0; P < 0.001]26 and a subse-
quent meta-analysis (8.3% in CBT recipients vs 0.5% in 
patients receiving another stem cell source, P < 0.001)32. 
Furthermore, there was no association between CMV recipi-
ent seropositivity and HHV-6 encephalitis, indicating a 
unique predisposition of HHV-6 to reactivate after CBT26. 
The reason for preferential HHV-6 reactivation in CBT is 
unclear. A partially mismatched HLA status may also have 
compounded to further increase these odds. It should also be 
noted our patient’s requirement for frequent platelet transfu-
sions and delayed engraftment are factors that are also asso-
ciated with HHV-6 infection25.

Chromosomally Integrated HHV-6

Chromosomally integrated HHV-6 (ciHHV-6) occurs in 
approximately 1% of the population. Individuals with 
ciHHV-6 have an HHV-6 genome integrated into the telo-
mere of every chromosome, which can be passed down in a 
Mendelian fashion in a condition known as inherited chro-
mosomally integrated-HHV-6 (iciHHV-6). As a result, these 
individuals consistently test positive for HHV-6 (one copy 
per nucleated cell), which can be mistaken for an active 
infection33. For patients with high viral loads, iciHHV-6/
ciHHV-6 must be ruled out to prevent the unnecessary 
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administration of drugs that may have adverse effects or 
even inadvertently activate the virus33,34. In our patient, 
ciHHV-6 was incidentally ruled out because of a negative 
serum HHV-6 test by PCR after initiation of antivirals. In 
ciHHV-6 patients, HHV-6 serum and plasma DNA by PCR 
will always be positive, and DNA levels in serum will typi-
cally be higher than plasma28. However, both plasma and 
serum viral load will be at lower numbers than in whole 
blood28,33. CiHHV-6 status can be confirmed by whole-
blood quantitative polymerase chain reaction (qPCR). A 
patient with a whole blood load greater than 5.5 log10 can 
be assumed to have ciHHV-633. ciHHV-6 status cannot be 
determined from qPCR testing of cell-free samples such as 
plasma or CSF33. PCR testing in somatic cells, such as hair 
or nail follicles, will also confirm ciHHV-6 status since this 
form of HHV-6 is found in all nucleated cells28. Quantitative 
(RT-PCR) monitoring of the expression of HHV-6 DNA has 
been suggested to monitor active infection in ciHHV-6 
patients, but it is not generally available, and its clinical  
utility is not well defined33. For suspected ciHHV-6 cases, 
guidelines set forth by the 2017 European Conference on 
Infections in Leukemia (ECIL) recommend ciHHV-6 testing 
in both donor and recipient pre-HSCT samples. To test  
for ciHHV-6 reactivation, viral culture plus viral genome 
sequencing to test for reactivated ciHHV-6 infection is 
suggested27.

Management for Positive or Suspected 
Cases of Post-alloHSCT HHV-6 
Encephalitis

Previous recommendations for handling viral infection in this 
setting sparsely discuss HHV-6 without any strong recom-
mendations35. However, in the past decade, substantial 
advances have been made in the understanding of HHV-6 
prevalence, severity, and treatment, leading to updated guide-
lines. Current recommendations from both ECIL and the 
Guidelines Committee of the Japan Society for Hematopoietic 
Cell Transplantation (JSHCT) have recommended the use of 
IV foscarnet or ganciclovir10,27 as the first-line therapies for 
HHV-6 encephalitis with a weak preference toward foscar-
net10. However, ECIL strongly recommends that drug selec-
tion should be dictated by adverse effects and patient 
comorbidities27. Due to the severe sequelae and potential for 
high morbidity and mortality of HHV-6 encephalitis, begin-
ning foscarnet before confirmation of HHV-6 DNA in CSF 
for cases of suspected HHV-6 encephalitis has been strongly 
recommended by JSHCT10. In our case, it took a full week for 
quantitative CSF assays to return. Combination therapy with 
both foscarnet and ganciclovir may reduce HHV-6 encephali-
tis sequelae, but not mortality compared with either foscarnet 
or ganciclovir monotherapy36. A weak recommendation is 
made for combination therapy10,27, especially in select patients 
with rapidly progressing cases of HHV-6 encephalitis (e.g., 

with convulsions)10. Weak recommendations have also been 
made for the antiviral course to last for at least 3 weeks10,27. 
ECIL extends this to continuing antivirals until clearance of 
HHV-6 DNA from blood and, if possible, CSF27. In addition, 
maximum doses of 180 and 10 mg/kg/day of foscarnet  
and ganciclovir, respectively, resulted in significantly better 
responses than non-maximum doses37 and are thus recom-
mended strongly by both groups10,27. ECIL also moderately 
supports reduction of immunosuppressive medications if 
possible27. The use of cidofovir has been demonstrated only 
anecdotally10,27 and has been recommended for use only after 
standard treatment has failed10.

Besides the poor short-term prognosis of HHV-6 enceph-
alitis, there are also long-term sequelae. A prospective study 
that examined long-term effects of HHV-6 encephalitis sur-
vivors found that four out of five survivors were unable to 
return to school/work or social life because of persistent 
neuropsychological disorders38. Thus, prevention and early 
treatment of HHV-6 encephalitis is critical. In HSCT recipi-
ents, HHV-6 CSF testing by PCR should be done if any CNS 
symptoms, such as memory deficits, altered mental status, 
vigilance impairment, or seizures, are observed. A single 
negative study also does not exclude development of HHV-6 
encephalitis, so vigilance must be taken especially if the 
patient has an identifiable risk factor. Due to the dynamic 
nature of HHV-6 reactivation previously discussed, there is 
currently no recommendation for prophylactic monitoring of 
HHV-6 viremia10,27. However, while further studies are 
required to validate this claim, it is the expert opinion of the 
JSHCT that prophylactic monitoring of high-risk patients 
(e.g., CBT recipients) may assist in early diagnosis10. While 
prophylactic administration of ganciclovir has been demon-
strated to prevent HHV-6 reactivation, the severe myelo
suppression it causes in some patients limits usefulness of 
prophylactic use38. Foscarnet prophylaxis has been shown to 
reduce the severity of encephalitis and incidence of high-
level reactivation, but it does not prevent encephalitis39 and 
also causes nephrotoxicity39,40. Thus, both ECIL and JSHCT 
do not recommend HHV-6 prophylaxis10,27, but prophylactic 
therapy is worth future study. With these factors in mind, it is 
apparent that there is an urgent need for improved antiviral 
treatments for HHV-6 encephalitis.

Presentations such as this case are often associated with 
a complex clinical context, possibly resulting in HHV-6 
encephalitis being overlooked and delays in diagnosis/treat-
ment. Thus, we have summarized the most recent data and 
recommendations regarding the criteria, diagnostic nuances, 
risk factors, and management of HHV-6 encephalitis that 
should be considered following alloHSCT. There is a need to 
promptly identify risk factors, eliminate other causes of CNS 
complication (e.g., calcineurin inhibitor toxicity), obtain 
early imaging and laboratory tests, begin treatment as soon 
as possible, and consistently remain vigilant for HHV-6 
encephalitis in this setting.
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